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Abstract

The first chapter of this dissertation, coauthored with Martin Eichenbaum and Riccardo
Bianchi-Vimercati, addresses the question: how sensitive is the power of fiscal policy at the
ZLB to the assumption of rational expectations? We do so through the lens of a standard
NK model in which people are level-k thinkers. Our analysis weakens the case for using
government spending to stabilize the economy when the ZLB binds. The less sophisticated
people are, the smaller the government-spending multiplier is. Our analysis strengthens the
case for using tax policy to stabilize output when the ZLB is binding. The power of tax
policy to stabilize the economy during the ZLB period is essentially undiminished when
agents do not have rational expectations. Finally, we show that the way in which tax policy
is communicated is critical to its effectiveness.

In the second chapter, coauthored with Bence Bardoczy, we study the power of state-
dependent unemployment insurance (UI) to stabilize short-run fluctuations, allowing for ar-
bitrary deviations from full information and rational expectations. Expectations are critical
because higher UI generosity raises consumption partly by lowering precautionary savings.
If UI generosity is indexed to the unemployment rate, households must forecast the unem-
ployment rate to anticipate the policy stance. We estimate unemployment expectations in
response to identified aggregate shocks. We quantify the consequences of these imperfect ex-
pectations through the lens of a Heterogeneous Agent New Keynesian model. First, we work
directly with the estimated forecast errors. Our methodological contribution is to use the
non-parametric history of forecast errors and forecast revisions to solve dynamic decisions of
optimizing agents. By doing so, we sidestep the need to choose a particular model of belief
formation (e.g., cognitive discounting or sticky expectations). The estimated model im-
plies that imperfect anticipation substantially affects the stimulative power of Ul extensions.

Second, we compare alternative ways of implementing UI policies. To run counterfactuals,



we estimate a structural model of belief formation. We show that a combination of noisy
information and diagnostic expectations fits the data best among a large set of popular al-
ternatives. A UI extension that is announced directly is more stimulative in the very short
run than one that is indexed to the unemployment rate.

The third chapter studies how belief disagreement across households affects aggregate de-
mand. I develop a model in which households are heterogeneously exposed to business cycles
and show that the impact of disagreement can be summarized by a simple statistic—correlated
disagreement—which captures the correlation between beliefs and individual business-cycle
exposure. [ model disagreement as endogenously heterogeneous attention. In this model,
attention increases with the exposure to business cycles. Then, I show that disagreement am-
plifies general-equilibrium effects and acts as a propagation mechanism amplifying business
cycles. I also provide evidence of this positive correlation using survey data on expectations.
To quantify the implications of disagreement, I extend the analysis to a Heterogeneous-agent
New Keynesian model featuring multiple sources of heterogeneity. I show that belief disagree-
ment can substantially amplify business-cycle fluctuations. Finally, I show that targeting

spending to the most cyclical workers can significantly increase the spending multiplier.
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Chapter 1

Fiscal Policy at the ZLB without Ra-

tional Expectations

1.1 Introduction

The Zero Lower Bound (ZLB) on interest rate poses a significant constraint on conventional
monetary policy.! A large literature emphasizes that fiscal policy is particularly useful for
stabilizing the aggregate economy when the ZLB binds. According to this literature, the
government-spending multiplier is significantly higher than under normal circumstances,
see, e.g., Christiano et al. (2011), Eggertsson (2011), and Woodford (2011).2 In addition,
appropriately designed tax policy can mimic the effect of conventional monetary policy on
aggregate demand, see Feldstein (2003) and Correia et al. (2013).

Much of the modern literature on alternatives to conventional monetary policy assumes
that people have rational expectations. For example, it is well known that when the ZLB is
binding, forward guidance is extremely powerful in standard New Keynesian (NK) models.?
But the power of that policy is considerably diminished under reasonable deviations from

rational expectations (see the literature summary below). This observation leads to the

"We understand that interest rates can be negative. But there is some effective lower bound on interest
rates. To facilitate comparisons with the literature we work with the ZLB, with the understanding that our
key results would obtain when the effective lower interest rate is binding.

ZSee also the analyses in Werning (2011) and Farhi and Werning (2016).

3See Eggertsson and Woodford (2003) and Werning (2011) for analyses of the power of forward guidance
in standard NK models.
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natural question: how sensitive is the power of fiscal policy at the ZLB to the assumption of
rational expectations? According to our analysis, the efficacy of government spending is quite
sensitive to that assumption. Moreover, under plausible assumptions, the less sophisticated
people are, the smaller is the multiplier. In contrast, tax policy at the ZLB is less sensitive
to deviations from rational expectations. Indeed, in our analysis, tax policy continues to be
able to support the flexible-price allocation even when agents are boundedly rational and
the ZLB is binding.

We reach these conclusions using a simple representative-agent NK model with sticky
wages and without capital accumulation. As in Correia et al. (2013), we assume that there
is an unanticipated shock to people’s discount factor at time zero that lasts for T' periods.
As a result, the subjective discount rate falls below zero, driving the nominal interest rate
to the ZLB.

In our benchmark model, wages are fully rigid and the price level is constant. We depart
from rational expectations by assuming that people form beliefs about future endogenous
variables via level-k thinking. Individuals understand the structure of the economy but are
limited in their ability to predict the behavior of other economic agents and, as a result, the
time path for the endogenous variables in the economy (e.g., aggregate output). Starting
from an initial belief for the least sophisticated agents, individuals update their expectations
about changes in the future based on a finite reasoning process about other people’s behavior,
involving k iterations. We are interested in how the power of fiscal policy depends on agents’
level of cognitive sophistication as indexed by k.

In Section 1.2, we use the benchmark model to evaluate the effects of increased govern-
ment spending and time-varying consumption taxes when the ZLB is binding. Consistent
with earlier work by Woodford and Xie (2019) and Farhi et al. (2020), we establish that

the size of the government-spending multiplier depends on agents’ level of cognitive sophis-
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tication (Proposition 1).* The intuition is as follows. Despite their cognitive limitations,
individuals understand that higher government spending implies increased taxes. Other
things equal, this negative wealth effect leads to a decrease in consumer demand. How-
ever, higher government spending implies an increase in the demand for labor and higher
labor income. The latter effect implies an increase in consumer demand. Under reasonable
conditions, the less sophisticated people are, the less they take into account the positive
general-equilibrium effects of higher spending. So, the negative wealth effect of higher taxes
receives relatively more weight in people’s decisions, leading to a larger drop in consumer
demand. The net effect is that lower levels of cognitive sophistication imply lower values for
the government spending multiplier.

We then turn to an analysis of tax policy at the ZLB. Correia et al. (2013) show that
tax policy is a powerful tool for stabilizing the economy when the ZLB binds and people
have rational expectations. Following these authors, we consider a policy of lowering an ad-
valorem tax on consumption as soon as the ZLB binds and then slowly raising that tax to its
pre-shock level. This policy has the effect of putting consumption “on sale” while the ZLB
binds. We show that there always exists a time path for consumption taxes that completely
stabilizes the economy at its pre-shock level, i.e., it supports the flexible-price allocation. In
general, this policy depends on people’s level of sophistication, k. However, suppose that, as
in Farhi and Werning (2019), the least sophisticated people (k = 1) think aggregate output
will remain at its pre-shock level. Then, the path for consumption taxes that supports the
flexible-price allocation is the same regardless of how cognitively sophisticated people are.

Critically, the flexible-price allocation is the same as the pre-shock steady state of the
economy. So, under the tax policy that supports this allocation, people’s initial beliefs are

self-confirming, i.e., they do not make any expectational errors. In this sense, the efficacy

4As discussed in the related literature section below, Angeletos and Lian (2018) obtain a similar result
stemming from the assumption that people do not share common information about future government
actions.
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of this policy does not exploit people’s lack of sophistication. Taken together these results,
summarized in Proposition 2, show that tax policy is a powerful and robust way to stabilize
the economy when the ZLB binds.

The basic intuition for why tax policy is robustly powerful is as follows. Suppose that the
government announces a time-path for current and future tax rates. Then, people incorporate
these rates into their personal consumption-savings decision and substitute consumption to
dates when the tax rate is lower. This basic force is operative regardless of any general-
equilibrium (GE) considerations, i.e., people do not need to calculate the GE effects of the
announced tax rate to adjust their personal consumption decision to the tax rates. So,
the policy boosts consumption demand and supports flexible-price allocation when the ZLB
binds, even if people are very unsophisticated.

It is useful to contrast the efficacy of tax rate and interest-rate policy. In our model,
changing the announced path of tax rates and interest rates affects the equilibrium in the
same way. But there is one crucial difference. The ZLB constrains the class of feasible
announced paths for interest rates but not the paths of tax rates. This constraint means
that monetary policy can only boost consumption demand by promising to lower interest
rates in the future after the ZLB is no longer binding (forward guidance). Farhi and Werning
(2019) and Garcia-Schmidt and Woodford (2019) show that the effects of such a policy can
be quite sensitive to deviations from rational expectations.” In contrast, fiscal policy can
stimulate consumption demand by changing tax rates as soon as the ZLB binds. This
flexibility means that fiscal policy can support the flexible-price allocation, an outcome that
is not possible with interest rate policy (with or without rational expectations).

With bounded rationality, the way policy is communicated matters. Above, we assumed

that the government announces a sequence of consumption-tax rates that will apply during

5See also Angeletos and Lian (2018) who show that the same conclusions hold in a model with informa-
tional frictions and imperfect common knowledge.
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the ZLB. Suppose instead that the government announces a rule according to which tax
rates are set as a function of the output gap. We show that this form of communication
leads to a substantial deterioration in the efficacy of tax rate policy.

To make this argument, we proceed as follows. First, we consider a rule for setting tax
rates at the ZLB and calculate the corresponding sequence of tax rates that would obtain
under rational expectations. Then we compute the equilibria in the level-k£ economy under
the announced policy rule and the sequence of corresponding announced tax rates. We show
that, for any k, the decline in output is larger when policy is communicated as a tax rule
rather than a sequence of tax rates.

The intuition for this result is as follows. When policy is communicated as a rule,
individuals must forecast the future level of output to predict what tax rates will be. When
individuals are limited in their ability to compute general-equilibrium effects, they will also
be limited in their ability to forecast future tax rates. This limitation translates into a lower
efficacy of tax policy in stimulating demand.

A natural question is whether our results are robust to alternative ways of modeling
bounded rationality. In appendix A.2, we redo our analysis of the benchmark model using
two alternatives to the level-k thinking approach. The first alternative is that people have
reflective expectations as in Garcia-Schmidt and Woodford (2019). The second alternative
is that people display shallow reasoning as developed in Angeletos and Sastry (2021). We
show that Propositions 1 and 2 continue to hold for both cases.

Recall that we assume that the price level is constant in our benchmark model. This
assumption does not hold in more general versions of the NK models. In those models, the
impact of government spending at the ZLB on inflation and the real interest rate plays an
important role in magnifying the size of the government spending multiplier. When the ZLB
is binding, increases in government spending lead to upwards pressure on prices, which lowers

the real interest rate and boosts the demand for consumption. To the extent that people
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do not understand these equilibrium effects, the size of the government-spending multiplier
should be smaller, as shown by Angeletos and Lian (2018) and Farhi et al. (2020). It is not
obvious how a variable price level affects the efficacy of tax policy under bounded rationality.

To study these issues, we redo our analysis in a framework where prices and wages are
not constant. Specifically, in section 1.3, we assume that nominal wages are set subject to
Calvo-style frictions as in Erceg et al. (2000).° Since wages are not constant, neither is the
price level. We show numerically that the key results of Proposition 1 continue to hold.
Turning to tax policy, we suppose that the government can impose time-varying tax rates on
consumption and labor income. With this proviso, we show that the analog to Proposition
2 holds for the extended model. As in the benchmark economy, the policy that supports
the flexible-price allocation does not depend on k if the least sophisticated agents expect the
economy to remain in steady-state. Finally, we show through a series of numerical examples
that our results regarding the advantage of communicating policy via targets rather than
rules continue to hold.

In our model, Ricardian equivalence holds. We make this assumption to focus on peo-
ple’s limited ability to understand the general-equilibrium effects of government policy. An
important question is whether our conclusions about the relative efficacy of tax and gov-
ernment spending depend on Ricardian equivalence. We use the extended model to briefly
discuss this issue and point out that both policies can exploit the failure of Ricardian equiva-
lence. Our analysis suggests that the effects of government spending would be more sensitive
than tax policy to the failure of Ricardian equivalence. We leave a complete analysis of the
non-Ricardian case to future research.

Taken together, our results weaken the case for using government spending to stabilize

the economy when the ZLB binds. At the same time, our results strengthen the case for

6 Appendix D redoes the analysis of section 1.3 under the assumption that nominal prices, rather than
nominal wages, are subject to Calvo-style frictions.
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using tax policy to stabilize output when the ZLB is binding. The power of tax policy to
stabilize the economy during the ZLB period is essentially undiminished when agents do not

have rational expectations.

Supporting empirical evidence There is a vast empirical literature on quantifying devi-
ations from standard notions of rationality. Of direct relevance is experiment-based evidence
on the level of people’s sophistication. Crawford et al. (2013) review this literature and argue
that the experimental evidence is consistent with the distribution of cognitive levels being
very concentrated at low levels of k. For example, Camerer et al. (2004) concludes that a
substantial fraction of people are well characterized as having levels of k£ between 0 and 2
and that the median level k£ is between 1 and 2.7 In our model, these levels of k generate
very different behavior than rational expectations. In a non-experimental setting, lovino
and Sergeyev (2018) estimate the sophistication level of professional forecasters by looking
at survey data about mortgage rates and their response to quantitative easing. They find
that 86 percent of forecasters in their data are level-1 thinkers.

There is a large literature that characterizes people’s expectations of macro variables
based on survey evidence, see, e.g., Coibion and Gorodnichenko (2015), Bordalo et al. (2012),
and Angeletos et al. (2021). A key conclusion from this literature is that on average people’s
beliefs about macroeconomic aggregates like inflation and real GDP growth tend to under
react to changes in macro fundamentals relative to the rational expectations benchmark.
Our model is consistent with this finding.

Our conclusions about the efficacy of tax policy receive strong support from recent empir-
ical work. D’Acunto et al. (2020) estimate the impact of forward guidance and consumption
tax policies on household inflation expectations and spending. They show that forward

guidance policies had little effect on household expectations and behavior. However, con-

"See also Stahl and Wilson (1995), Ho et al. (1998), Bosch-Domenech et al. (2002), among others.
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sumption tax policies like those that we describe are effective at raising household spending.
These empirical results are consistent with our conclusion that tax policy can be a power-
ful stabilization tool, even if people are not as sophisticated as in the rational expectations
paradigm. Bachmann et al. (2021) provide strong evidence on the efficacy of a temporary
VAT cut in Germany when the ZL.B was binding. They find that (1) most households were
aware of the policy change and (2) that people with different degrees of financial literacy
responded in roughly the same way to the tax cut. On this basis, they conclude that the tax
cut successfully stimulated aggregate consumption spending because of its simplicity and

salience.

Related theoretical literature This paper belongs to a growing literature that studies
the implications of deviations from rational expectations for the effectiveness of macroeco-
nomic policy. The form of bounded rationality that we consider is based on level-k thinking
models originally studied by Nagel (1995) and Stahl and Wilson (1995). Farhi and Wern-
ing (2019) use this approach to study how deviations from rational expectations impact
the efficacy of forward guidance. Garcia-Schmidt and Woodford (2019) develop a closely
related form of deviation from rational expectations, which they refer to as reflective expec-
tations. They apply this form of expectations to study the impact of forward guidance and
interest rate pegs on economic activity. Under both level-k thinking and reflective expecta-
tions, individuals have a limited ability to understand the general-equilibrium consequences
of monetary policy.® Garcia-Schmidt and Woodford (2019) and Farhi and Werning (2019)
show that this effect limits the power of forward guidance and mitigates some anomalous

implications of this policy under rational expectations.® Tovino and Sergeyev (2018) apply

8Similar ideas are captured by the calculation equilibrium and internal rationality approach to bounded
rationality discussed in Evans and Ramey (1992) and Adam and Marcet (2011), respectively.

9Similar results are derived in Woodford (2018) in a model in which individuals can only make contingent
plans up to a finite number of future periods, i.e., they have limited foresight, Gabaix (2020) in a model in
which individuals are inattentive to the interest rate, Angeletos and Lian (2018) in a model with informational
frictions and imperfect common knowledge, and in Wiederholt (2015) in a model with sticky expectations.
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level-k thinking and reflective expectations to analyze the effects of quantitative easing.

Angeletos and Lian (2023) initially developed the idea that the lack of common knowl-
edge attenuates general-equilibrium effects. Angeletos and Lian (2018) study a rational-
expectations environment in which people do not have common knowledge about the relevant
news. They show that the absence of common knowledge dampens the general-equilibrium
effects of news and the size of the government spending multiplier. We obtain a similar result
about government spending when people have complete information about the shocks, but
are limited in their ability to forecast the GE consequences of policies. While the mechanism
is different, this limitation attenuates the general-equilibrium effects of those shocks as in
Angeletos and Lian (2018).

Woodford and Xie (2019) and Farhi et al. (2020) analyzed the consequences of bounded
rationality for the size of fiscal multipliers. Following the approach developed by Woodford
(2018), Woodford and Xie (2019) assumes that individuals can only plan for a finite number
of periods but are fully rational within the planning horizon. They show that this behav-
ioral bias may limit the size of the government-spending multiplier at the ZLB because the
stimulus effect of future government spending on current output is zero if it occurs after the
relevant planning horizon. Instead, we work with a model in which individuals have an infi-
nite planning horizon but have a limited capacity to understand the GE effects of different
policies.

Our analysis is closest to Farhi et al. (2020), who also assume that individuals are level-k
thinkers. Their main focus is on the fiscal-multiplier puzzle discussed in Farhi and Werning
(2016), who note that, in standard representative-agent NK economies, the government-
spending multiplier grow explosively as government spending is back-loaded. At the heart
of this result is that back-loaded spending generates more inflation, which lowers the real
interest rate when the ZLB is binding. Farhi et al. (2020) examine the fiscal multiplier puzzle

in both representative-agent and heterogeneous agents NK models with level-k thinking.
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They show that the government-spending multiplier is generally lower, the lower is the level
of cognitive sophistication in the economy and that models with level-k thinking do not
exhibit the fiscal-multiplier puzzle.

An important distinction between our paper and the literature just cited is that we study
how deviations from rational expectations affect the efficacy of tax policy versus government
spending when the ZLB is binding. In addition, we analyze how communication affects the
power of tax policy at the ZLB.

Angeletos and Sastry (2021) analyze the implications of policy communication when
agents have a particular form of bounded rationality. They analyze whether policy com-
munication should focus on instruments (interest rates) or targets (unemployment). They
show that the answer to this question depends on the relative importance of partial versus
general-equilibrium effects of a given policy. Their substantive application is forward guid-
ance, while we focus on tax policy. In addition, we look at rules versus instrument settings
rather than their main focus of instruments versus targets.

Because our model features a continuum of identical households and Ricardian equiva-
lence, there is no role for countercyclical fiscal transfers, e.g., unemployment benefits. McKay
and Reis (2016, 2021) and Kekre (2021) study the role of tax and transfer programs in
stimulating demand in heterogeneous-agent incomplete markets economies with rational ex-
pectations. Woodford and Xie (2022) shows that uniform lump-sum transfers can be a
powerful stabilization tool in a model in which Ricardian equivalence fails due to bounded
rationality.!® Because our analysis focuses on people’s limited ability to understand the
general-equilibrium effects of government policy, we abstract from the failure of Ricardian
equivalence.

The paper is organized as follows. Section 1.2 describes our benchmark NK model with

LOWolf (2021) also considers a general model in which Ricardian Equivalence fails and shows that aggregate
allocations that are implementable with interest rate policy can be equivalently implemented with uniform
cash transfers.
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level-k thinking. Section 1.2.1 analyzes the effects of government spending and the im-
plications of bounded rationality for the government spending multiplier in the benchmark
model. Section 1.2.2 presents our results on consumption-tax policy in the benchmark model.
Section 1.3 considers the extended model with time-varying wages and prices. Finally, sec-
tion 1.4 contains concluding remarks. The proofs for all propositions are contained in the

appendix.

1.2 A benchmark model

In this section, we describe our benchmark model. Sections 1.2.1 and 1.2.2 analyze the effect
of government spending and tax policy, respectively.

Consider a simple NK economy with fully rigid wages. Without loss of generality, we
normalize nominal wages to one, W, = 1. There is a continuum of identical households, each

of which has preferences over sequences of consumption, C;, and labor, N, are given by:

D B [u(C) — v (V)] (1.1)

where u (C) = C'' /(1 -0~ ") and v (N) = N/ (1 + ¢). As in Correia et al. (2013),
we assume that the steady state subjective discount factor § € (0,1) is perturbed by a

discount-factor shock:

& =e T, (1.2)

fort = 0,1,....,T and & = 1 for t > T. This assumption implies that the household’s

subjective discount rate between periods ¢t and ¢ + 1 is

S,y
Bgt-‘rl ’

log t<T -1,
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where p = log 37!. We assume that the shock satisfies y > p, so that the subjective discount
rate is negative for t < T — 1.
For simplicity, we assume that the production function is linear in labor, Y; = N;. The

goods market clearing condition is

Ct + Gt = Y;g, (13)

where G; denotes government spending. Our baseline specification, assumes that government
spending is zero, G; = 0.

In this simple economy, the first-best (flexible-price) allocation is

Y;:Ct:Ntzl.

Note that the discount-rate shock does not affect aggregate consumption or production in
this allocation. However, implementing this allocation requires a negative real interest rate.

So that allocation cannot be achieved using only conventional monetary policy.

Firms Firms are perfectly competitive and maximize profits. An interior solution for the

firms’ problem requires that W; = P;. Because wages are fully rigid, there is no inflation:

Pt+ 1 _ Wt+1
By Wi

= 1. (1.4)

Monetary and fiscal policies The monetary authority controls the nominal interest rate,

R;. During t < T — 1 the nominal interest rate is at the ZLB,

Rt — 1, (15)

and then goes back to its pre-shock level: R, = 3~ for t =T, T + 1, ...

The fiscal authority sets government spending G;, consumption taxes 77, and lump-sum
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taxes T;. The government’s intertemporal budget constraint is given by:

Z Qti+5sGrrs + Ri_1By = Z Qtt+s [Ttiscws + E—i-s} , Vt>0. (1.6)

s=0 s=0
Here ()45 is the discount factor between ¢t and ¢ + s,

t+s—1

Qt,t+s = H R;I
m=t
fors > 1, Qi = 1.

Households and expectations The household has perfect foresight regarding exogenous
variables so that it correctly anticipates the path for the discount rate shock, &;. For now, we
assume that the government announces sequences of nominal interest rates, R;, government
spending, G, and consumption taxes, 77. The fact that the household correctly anticipates
the path for these policy variables is consistent with the idea that they see and understand

' However, the household is limited in its ability to fully predict

policy announcements.
the equilibrium changes that occur due to these policies. We denote by Y,° and T the
household’s beliefs about the time t values of output and lump-sum taxes, respectively.
There is no uncertainty in this economy so these beliefs do not correspond to expectations
over possible realizations of Y; and T;. Instead, they are what households think those variables
will be with probability one.

Our goal is to transparently highlight the consequences of failures in predicting the
general-equilibrium implications of fiscal policies for their effectiveness. We isolate this

particular form of bounded rational behavior from other potential sources of non-rational

expectations. So, we assume that given their beliefs for output, the household’s expectations

HBachmann et al. (2021) study an unexpected and temporary VAT cut in Germany that occurred in
the second half of 2020. They find that most households were aware of the tax cut, which supports our
assumptions.
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for lump-sum taxes are consistent with the government’s intertemporal budget. Formally,

we assume that household beliefs for T} satisty:

> QuirTi =Y Quiss [Gros — 71y (Y, — Gigs) ] + Rica By (1.7)

s>0 s>0

This expression implies that Ricardian equivalence holds in our model.?

The household enters period ¢ with financial assets B, earning the interest rate R; ;.
As in Farhi and Werning (2019), we assume that the household knows its contemporaneous
income Y, and taxes 7;.'* When solving its dynamic consumption-savings problem, the
household maximizes its perceived utility which is evaluated based on today’s consumption,
C, and on its plans for future consumption C~'t+s for s = 1,2,... To the extent that the
household makes mistakes in predicting its future disposable income, actual consumption
will deviate from planned consumption.

The household solves the problem:

o1

maXZﬁst — _1, subject to

Ctts >0

Z Q, t+s 1 + THS Ct+s Z Q, t+s Y, — t+s} + Ry By

s>0 s>0
Since wages are rigid, equilibrium output and labor are demand determined. The solution

to the household’s problem implies that C} satisfies

i T Zs>1 @ttt [ t+s Tte+s] + Ri—1 By

e 1478, 1-o]*
(1+77) {1 + 28>1 (ﬁsf + ) [Qt,ﬁsﬂ—%} ]

t =

2Tovino and Sergeyev (2018) analyze the impact of central bank balance sheet policy on the economy.
They do so assuming that people are level-k thinkers who do not fully understand the intertemporal nature
of the government’s budget constraint. So in their model economy Ricardian equivalence does not hold.

130ur results go through if we assume that the household does not see contemporaneous Y; and Cj.
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Replacing the present value of lump-sum taxes using equation (1.7), we obtain:

1478 e
Ct _ (}/; — Gt) + 2521 Qt,t"rs 1_},_7-2; [}/;H‘S - Gt+8:| . (18)

. o 147, l1—0o

Temporary and rational-expectations equilibria We start by defining a temporary
equilibrium. Because this general equilibrium concept does not impose any restrictions on
agents’ expectations, it serves as a good starting point for our analysis. Formally, for given
beliefs {Y,°}, a temporary equilibrium is a sequence of allocations that satisfy private opti-
mality for households and firms and the budget constraint of the government. In addition,
markets clear. Using equation (1.8) and imposing market clearing Y; = C; + Gy, the tempo-

rary equilibrium output is given by

14+7¢
Dot Quers e [Yiie — G

1—g>
3 Bsbits 7 Q e |7
5>1 & bits 14rs

V=Y (Vo) = Git (1.9)
for all ¢.

A rational-expectations equilibrium is a temporary equilibrium in which expectations are
consistent with the equilibrium path for these variables: Y, = Y;. The RE equilibrium, Y/,

solves the fixed-point problem
}/;* — yt ({}/;j-s}szl) Y

for all ¢.

Level-k equilibria We now describe the concept of a level-k equilibrium for our model
economy. Let Y;¥ denote the time-t output level in an economy where all agents are level k.
Also, Y°F denotes the household’s beliefs about output.

To compute the level-k equilibrium, we must ascribe to people views about the level-
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(k — 1) equilibrium is. The recursion takes as given what people in a level-1 economy would
believe (see Farhi and Werning 2019). We denote these beliefs by {Yf’l}. For convenience,
we refer to these beliefs as belonging to level-1 people, understanding that such people don’t
exist in a level £ > 2 economy. These beliefs are essentially free parameters. For example,
one could assume that level-1 people believe that output will stay at its pre-shock level, i.e.,
Y;“' = 1. This assumption is consistent with the approach in Farhi and Werning (2019). It
captures the intuitive idea that level-1 people don’t take into account how the shocks and
policy will affect the future state of the economy.

Given these beliefs, a level-1 equilibrium is given by

v =y (i)

In the standard level-£ thinking model, individuals believe that all other agents are
exactly one level below them in terms of cognitive ability. So level-2 people believe the
economy is entirely populated by level-1 people. Moreover, level-2 people can calculate the
market equilibrium in an economy populated entirely by level-1 people. So, level-2 people
think that equilibrium output is given by Yf’g = Y,!. The level-2 equilibrium is therefore
given by

=y (i) = v (i) s)-

Level-3 thinkers can work through the reasoning process of both level-1 and level-2 individ-
uals. So they think that equilibrium output is given by Yf’3 =Y. The level-3 equilibrium

is given by
v =2 ().

More generally, level-k people think that equilibrium output is given by Yf’k = Y;*! s0 that
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level-k equilibrium is

Note that, in this model, people do not update expectations over time. This property is
a well-known shortcoming of the level-k£ approach to modeling bounded rationality. See, for
example, Farhi and Werning (2019) and Garcia-Schmidt and Woodford (2019). Like these
authors, we think of our model as appropriate for analyzing people’s behavior in the wake
of rare or unprecedented events. Our propositions derive results for the full dynamic path of
our model economy. We understand that the more time people spend in a new environment,
like a binding ZLB episode, the more likely they will begin to learn about the equilibrium
mapping from shocks and policies to economy-wide variables. But, as long as people do
not learn about that mapping instantly, they are likely to underplay the importance of
general-equilibrium effects. Because this feature is the crucial one underlying our results,
the qualitative insights of our analysis would continue to hold even if beliefs were updated

over time.

1.2.1 Government spending multipliers

This section assumes that consumption taxes are kept at their steady-state level 77 = 7¢ for
all periods and consider an increase in government spending, AG;, during the ZLB periods,

ie,fort<T —1.

Rational expectations In this model, the monetary authority pegs the real interest
rate. It is widely understood that, under such a policy, there are multiple equilibria in the
standard rational expectations NK model. As in Farhi and Werning (2019), we focus on

rational expectations equilibria for which Y; — 1 as t — oo, i.e., the equilibrium converges
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to the pre-shock steady state. The household’s Euler equation then implies that
Cy = Ct+1 = Ct+2 = sli_)ﬂolo Ct+s =1

forallt >T.
During the ZLB period, the real interest rate is higher than the subjective discount rate.

So consumption is lower than in the pre-shock steady-state:

Cy = (BeX) 7 Chyy = ... = e 7T, (1.11)

Here, p = —log(f). The rational expectation equilibrium level of output is given by

Y =Gy + e~ o(T=t)(x=r)

Consistent with Bilbiie (2011) and Woodford (2011), equation (1.11) implies that government
spending does not affect consumption in the rational expectations equilibrium. So, the
government-spending multiplier is exactly equal to one

AYy
AG,

1, (1.12)

where AY; denotes the difference in output relative to the output level in the equilibrium
without government spending.

Note that in this simple model, the multiplier does not depend on the path of government
spending. As it turns out, this result depends on the assumption of rational expectations.!4

To show this formally, we now turn to the temporary equilibrium.

14The multiplier would not be independent of the path of G, in more general versions of the NK model or
a neo-classical growth model with savings, flexible hours worked and/or time-varying prices.
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With bounded rationality Relation (1.9) implies that the temporary equilibrium is

given by

+ 2521 Qt,t—i—s [}/;i_s - Gt+s]
Zszl <Bs%> %;fs

Yo ({Yist) = G

It seems natural to assume that level-1 people believe the economy goes back to its steady-
state after the shock reverts to its pre-shock value, i.e., Yf’1 =1 for t > T. This assumption
implies that Y; is equal to its steady-state level for ¢ > T'. It follows that Yf’k =1 for all k

and t > T . So we can write the equilibrium level of output for ¢t < 7T — 1 as follows

T—t—1 1
K—Q+%{§:D&—Gmﬁﬁt§}

s=1

—1
_ _eo(x—p)(T—t—1) o(x—p)(T—t—1)
where 0, = [eo(cn) L nToiy o G b ] g (0, 1),

Lemma 1. In a temporary equilibrium, the government spending multiplier is given by

AY, T TAYY AGy,
=14+Q § s 2, 1.13
N t&i{AGHS } AG, (1.13)

Note that in a temporary equilibrium, the time ¢ government spending multiplier depends
on people’s beliefs regarding future income. Recall that this dependency is not a feature of
the rational expectations equilibrium for our simple model.

The intuition about how beliefs about future government spending affect the time ¢
multiplier is as follows. First, if expectations for future incomes do not change with the

policy (AY,S, = 0) then the effect of future spending on current output is negative,
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We refer to this effect as the partial-equilibrium effect of government spending: higher taxes
associated with higher current and future expenditures lead to a negative wealth effect that
causes people to reduce consumption.

The general-equilibrium effect of government spending is given by

T—t—1
Ay;is AGH-S
Q ; AC. AG (1.14)

Higher future spending leads people to believe that their future incomes will be higher. The
associated positive wealth effect leads to an increase in current consumption. Other things
equal, this increase leads to a rise in actual current output. The fact that the government
spending multiplier is one under rational expectations reflects that the partial and general-
equilibrium effects exactly offset each other in this model.

We now consider the level-k economy and show that, under plausible conditions, the less
sophisticated people are, the less they take GE effects into account. This effect leads to a
lower government spending multiplier.

For now, assume that level-1 people believe that aggregate output does not change in
response to higher government spending, AYte’l /AG; = 0 (below we relax this assumption).

Then the government spending multiplier in a level-1 equilibrium is given by:

T—t-1

AY! A
t 1 o Qt Z Gt+8
s=1

AG, AG,

The previous formula shows that the multiplier, AY;' /AGY, is less than one because level-1
agents only consider the partial-equilibrium effect of a change in government spending. In
this case, level-1 people believe that their labor income will not be affected by higher spending
but correctly anticipate that higher spending leads to higher taxes. So they think that their

after-tax permanent income will fall. As a result, level-1 people react to the fiscal policy
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announcement by cutting back their consumption, leading to a lower spending multiplier.
More generally, the government spending multiplier for a level-k economy can be com-

puted using the recursive equation:

AYE T [AYF ! AG,.
=14+Q — ==, t=0,1,..,T—1 1.15
AGt + t ; AGtJ,»S AGt ) )+ ) ) ( )
where AYU/AG = AYSE/AG,,, denotes the household’s belief about future govern-
ment spending multipliers. Note that if Aﬁﬁgl J/AG, ., <1forall t and s, then AY}*/AG,; <
1 for all t. It follows that if level-1 people do not expect their incomes to change, then the
government spending multiplier for a level-k economy is always lower than the multiplier

under rational expectations.

Furthermore, suppose that AY,!/AG; > 0 for all ¢, i.e., 1 — ZT:_f_l AGys/AG, > 0,

S

then the spending multiplier in a level-2 economy is strictly higher than the multiplier in a

level-1 economy:

More generally, as long as AY/ ' /AG, . > AV} 2/AG,,, for all ¢, then (1.15) implies that
AYE JAG s > AV JAG, 5. Tt follows that the level-k multiplier increases with cognitive
ability k. Intuitively, the higher is k£, the more people understand the general-equilibrium
consequences of spending policy, and the lower is the contraction in consumption demand.
So the larger is the spending multiplier.

In the discussion above, we assumed that level-1 individuals believe that their labor
incomes and GDP are unaffected by the change in spending policy. To generalize the results
above, suppose now that level-1 people think that AY;E’I JAG; =nforallt and 0 <7 < 1.

A value of n > 0 corresponds to the assumption that level-1 people expect aggregate output



CHAPTER 1. FISCAL POLICY AT THE ZERO LOWER BOUND WITHOUT
RATIONAL EXPECTATIONS 36

will rise in response to higher government spending. A value of 7 = 1 corresponds to people’s

beliefs in the rational expectations equilibrium.
Proposition 1. Suppose that AYf’l/AGt =n forallt<T—1.

1. If 0 < n < 1, then the level-k government spending multiplier is lower than one, i.e.,
AYF/AGy <1 for all t. Furthermore, if 1 — Zf;f_l AAG—gtS > 0 for all t, then the

government spending multiplier is increasing in k.

2. If n =1, then the level-k government spending multiplier is exactly one for all k, i.e.,

AY}F/AG, =1 for all t.

According to this Proposition, the more sophisticated people are (higher k), the higher
is the value of the multiplier. For finite k£ and n < 1, the government spending multiplier
is lower than under rational expectations. When n = 0, level-1 people believe that pre-tax
labor income is unaffected by government spending. In this case, the multiplier is at its
lowest. When n = 1, level-1 people believe that their after-taxr income is unaffected by
government spending, i.e., changes in government spending map one-to-one to changes in
pre-tar income. In this case, the government spending multiplier is unaffected by the level
of cognitive reasoning k. This result follows trivially from the fact that level-1 individuals
expect the multiplier to be the same as in the rational expectations equilibrium.

With AY,"'/AG, = 7, the GE effect in the government spending multiplier, (1.14) is

given by

It follows from the Proposition that the multiplier is increasing in 7 because the GE effect
of an increase in government spending is larger.
Note that n could be larger than 1, i.e., people believe their after-tax income will rise

due to increased government spending. In this case, the multiplier is larger than one. In
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effect, the increase in government spending acts as a large, direct, exogenous increase in
expectations about future income. This effect leads to a rise in current aggregate demand
and output. We do not pursue this case because it seems inconsistent with the view that
with bounded rationality, people place less emphasis on general-equilibrium effects than when
they have rational expectations.

Recall that, based on survey evidence, authors like Coibion and Gorodnichenko (2015),
Bordalo et al. (2012), and Angeletos et al. (2021) find that, on average, people’s beliefs
about macroeconomic aggregates like inflation and real GDP growth tend to wunderreact
to changes in macro fundamentals relative to the rational expectations benchmark. These
findings support the notion that n is a relatively small number, strictly less than one.

In sum, proposition 1 shows that when 0< n < 1, departing from rational expectations
by introducing level-k£ thinking implies a decline in the size of the government spending
multiplier. As discussed above, all households internalize the effects of higher taxes associated
with higher government spending. However, understanding the expansionary impact of
government spending requires that people compute how, in equilibrium, higher government
spending leads to higher labor income. The less sophisticated people are, the less weight
they give to the expansionary effect, the lower their expected future disposable income and
the lower their current consumption is. In this way, lower levels of sophistication lead to

lower values of government spending multipliers.

1.2.2 Consumption-tax policy

This section discusses the efficacy of consumption-tax policy when the ZLB is binding. Fol-
lowing Correia et al. (2013), we show that consumption-tax policy can implement the flexible-
price allocation under rational expectations. We then evaluate the efficacy of consumption-

tax policy under level-k thinking and show that there always exists a policy that supports
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that allocation. Moreover, under plausible assumptions, that policy does not depend on the
value of k and its success does not depend on people making systematic errors in their beliefs
about economy-wide variables.

Assume that government spending does not respond to the discount rate shock so that G,
remains at its steady-state value of zero. Consumption taxes change during the ZLB period

and converge back to their pre-shock level, 7¢, once the economy exits the ZLB (t = T).

Rational expectations With time-varying consumption taxes, the household’s Euler

equation for t < T — 1 can be written as as

€t+1Rt 1 +th )—o

Y, =Y,
' o (ﬁ & L+ 78,

where we have set C; = Y;. This expression makes clear that the relevant relative price of
consumption at time ¢ versus time t+1 is the real interest rate times the ratio of consumption
taxes, Ry (1+77) /(1 +7£,,)-

We write this Euler equation in log terms,

1+ 7°
Yi = Y1 — O <Tt + log (—t> —(p— X)) , (1.16)

1+ 78,

where r, = log R, = 0. Note that, for ¢ > T, the real interest rate returns to its pre-shock
level, r, = p, and y, = 0 (or Y; = 1).

Suppose that, at time 0, the government announces that taxes will follow the path 77 =
77", where

7 =1+ 7% e 000 _ 1 (1.17)

for ¢ < T. With this specification, the consumption tax falls at time 0 and then slowly
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converges back to its pre-shock value. Also, note that:

1 (1+Tf’*>
(0] ——ox = —X.
s 1"“7}64}1 peX

Under this assumption, the relative price of consumption is equal to the subjective discount
rate even if the nominal interest rate is at the ZLB.

Equation (1.16) implies that under this policy y; = y¢y1 for all ¢. Since y; — 0 in the
limit, it follows that this tax policy implements the flexible-price allocation, i.e., y; = 0 for
all t. The conclusion that tax policy can effectively circumvent the ZLB and achieve the
flexible-price allocation is the key result in Correia et al. (2013).'> We assumed that the
government has access to lump-sum taxes. However, Correia et al. (2013) show that even if
lump-sum taxes are unavailable, consumption taxes can still be used to fully offset the ZLB
restriction and support the flexible-price allocation.

As emphasized by Correia et al. (2013), consumption taxes affect the relative price of
leisure. So, in general, the government must change labor income taxes to compensate for the
effects of changes in consumption taxes on labor supply. In our simple model, hours worked
are demand determined so that labor-income taxes are equivalent to lump-sum taxes. We

return to this point in section 1.3.

Bounded rationality Suppose that the government announces a path for consumption
taxes, 77, such that taxes go back to their pre-shock level as soon as the economy exits the
ZLB, ie., 77/ = 7¢ for t > T. In addition, suppose that everyone expects the economy to

return to its pre-shock steady state once the ZLB is no longer binding. Then the temporary

15Tn a more general setting, Correia et al. (2008) show that fiscal policy can be used to neutralize the
effects of price stickiness in standard NK models.
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equilibrium level of output is given by:

(1.18)

. (1+Tc)0 (-8 L (F) v, +1
(1—5)

c c l1—0o
1+ 7 STt ol [1117?;} 1 e(T=t)o(x—p)

S=

Equation (1.18) highlights the effect of time-varying consumption taxes on consumption and

equilibrium output. For ¢ =T — 1, we can write this equation as
Yy g = <i) e~ o(x—p)
C

This expression makes clear that setting 7%, = (1 +7¢) e~ *=?) — 1 implements Y7_; = 1.
It follows directly from (1.18) that, for given beliefs Y,¢, there always exists an appropri-
ate choice of 77 for which Y; = 1 for all £. However, in models of belief revision like level-k
thinking, beliefs are endogenous to the policy that is implemented. Still, Proposition 2 shows
that for every level of cognitive ability k, there is an appropriately chosen path for consump-
tion taxes that implements flexible-price allocation. As agents become more sophisticated,
this policy approaches the rational expectations optimal policy, 7,°*. In general, the path of
consumption taxes which implements the flexible-price allocation depends on k. However,
if the expectations of unsophisticated agents about aggregate output are anchored at the
initial steady state, then the policy that achieves full stabilization is the same regardless of

k. Moreover, that policy coincides with the optimal policy under rational expectations.

Proposition 2. Suppose that level-1 people believe that the economy goes back to steady state
after the ZLB period, i.e., Y' =1 for t > T.

1. For each k, there exists a policy announcement {Tfk} which implements the flexible-

price allocation.

2. Suppose that Y,°' =1 for all t > 0, then the policy announcement {T0*} implements
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the flexible-price allocation for all k.

In the appendix, we prove the first result in the Proposition. Specifically, we show how
to construct the path for consumption taxes that implements the flexible-price allocation
for a given level of cognitive sophistication. In general, this policy is a function of k, which
means that its correct design would require the government to know the people’s cognitive
sophistication.

A simple proof of the second result in the Proposition is as follows. Recall that under
the tax policy {7;""}, the rational expectations equilibrium is ¥;* = 1. By definition, this
equilibrium is a fixed point of the temporary equilibrium relation (1.18). Suppose level- 1
individuals expect the aggregate output to remain at its steady-state level. In that case, they
will adjust their behavior so that it is the same equilibrium outcome, i.e., ¥;! = 1. Since
level-2 individuals believe that the equilibrium is Yf’Q =Y, = 1, then the level-2 equilibrium
is the same as the level-1 equilibrium. The same logic applies for any k. We conclude that
the belief Yte’1 = 1 is self-confirming under the proposed tax policy. It immediately follows
that the proposed tax policy does not rely on people making mistakes. On the contrary, the
tax policy leads to an equilibrium in which people’s beliefs coincide with actual outcomes.

It is useful to contrast the efficacy of tax rate and interest-rate policy. In our model,
changing the announced path of tax rates and interest rates affects the equilibrium in the
same way. However, there is one crucial difference. The ZLB constrains the class of feasible
announced paths for interest rates. So, monetary policy can only boost consumption demand
via forward guidance, i.e., a promise to lower interest rates in the future after the ZLB is no
longer binding. Farhi and Werning (2019) and Garcia-Schmidt and Woodford (2019) show
that the strong stimulative power of forward guidance relies heavily on general-equilibrium
effects. Those effects become muted when people are boundedly rational. Instead, consump-

tion taxes can be changed as soon as the ZLB becomes binding. So, tax policy can effectively
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counteract the effects of the discount factor shock and support the flexible-price allocation.
In our analysis, this flexibility implies that consumption-tax rates have an important advan-

tage relative to interest rate policy in circumstances where the ZLB is binding.

Rules versus targets

Proposition 2 provides a strong rationale for using tax policy to fight recessions at the ZLB.
In this section, we highlight that the efficacy of the policy depends crucially on how it is
communicated. We consider two communication strategies. First, tax policy is communi-
cated and implemented as a sequence of targets for consumption taxes. Second, tax policy is
communicated and implemented as a rule involving endogenous objects like the output gap.
We refer to these two strategies as target-based and rule-based communication policies. The
reason that communication matters in our setting is straightforward. Under target-based
communication, individuals immediately know what tax rates will be in the future and in-
corporate those rates into their decisions. But under rule-based communication, individuals
must work out the future general-equilibrium effects of the policy to understand what cur-
rent and future tax rates will be. In a world populated by level-k thinkers, this difference
matters.

Assume that monetary policy is given by a Taylor rule subject to a ZLB constraint
R, = max {ﬁlet%,l} &y =max {p + ¢y, 0} (1.19)

where ¢, denotes the elasticity of R; to the output gap.'® As in the quantitative analysis of

Correia et al. (2013), we assume that consumption taxes are set as:

1—|—th . { b 1—|—th .
——— = min Y, y,l}(:)lo ———— =min{p+ ,0) . 1.20
117, Y c T, {p+ dyyr, 0} (1.20)

16We do not include inflation in the Taylor rule because inflation is always zero for our simple economy.
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Under this policy, consumption-tax rates do not change when the ZLB does not bind. But
if the ZLB binds, then consumption-tax rates do change. Regardless of whether ZLB binds,

the relative price of consumption is given by:

1477
L+ 7,

R, = 371y,

Critically, under this announced policy, agents must predict current and future output values
to forecast future tax rates, a calculation that involves general-equilibrium effects.

The temporary equilibrium is given by

1
1+T 14+om
o e t+s €
Zs:l Qt+1,t+s <1+~,— ) Y;—i—s

, 1-0o
Z Bs §t+s Qe 1+775
s=1 t+1,t+s 1—|—7’tc_;_e1

V(i) -

(1.21)

1+75° 1 7pt+s—1 ®
where QF, ., <1+T:i) B o (V)™

Rational expectations As before, once the economy exits the ZLB, output returns
to its pre-shock steady state, so that y; = 0 for ¢ > T'. For earlier dates, we can find the

equilibrium using the individual’s Euler equation:

Yt+1 — UX

= — EN
Y=Y —0(p+ Oy —p+X) S Y = 1 +o0,

Iterating forward, we obtain the rational-expectations level of log-output

X |1
Yp = Py [1 (1+a¢y)T‘t] : (1.22)

As long as the policy is not infinitely reactive (¢, — 00), then the rules-based policy will

not achieve the flexible-price allocation.
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The equilibrium path for consumption taxes under this policy is:

1 o —(T—
log (*—Z) = p—x[1=(1+09,)" "], (1.23)

and r; =0 fort <T — 1.

To evaluate the relative power of rules- versus targets-based policy under bounded ra-
tionality, we compute the level-k equilibrium under a rules-based policy and the policy that
announces consumption tax targets that satisfy (1.23). This comparison preserves the un-

derlying rational expectations equilibrium under each type of policy communication.

Bounded rationality We now describe the implications of bounded rationality for
the efficacy of rules-based policy. It is convenient to consider the benchmark case in which
Yy 1 = 0. So, in this case, as in Farhi and Werning (2019), level-1 people’s expectations are
anchored at the initial steady state. For our purpose, what’s important is that people expect
output to fall less when the ZLB binds than they do under rational expectations.

We begin by describing the equilibrium for level-1 individuals. In the appendix, we show

that, under rule-based communication, level-1 equilibrium log-output is given by

1 OX T+ ¢

= — 1.24

where ¢, is a function of structural parameters.
When policy is communicated as the target path which satisfies (1.23), the equilibrium

can be computed using (1.18). Our next proposition summarizes our main result.

Proposition 3. Suppose that yf’l = 0 for all t. If policy is announced as a target for
consumption-tax rates, then y! > yi with equality only if t = T — 1. Suppose that 3 >

(1+ U(by)*l. If policy is announced as a rule, then y} < y; with equality only if t =T — 1.
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The condition that § > (1 + aqﬁy)_l is easily satisfied in standard calibrations. For ex-
ample, the calibration for the medium-scale DSGE model in Christiano et al. (2011) features
o = 0.5 and ¢, = 0.25, which implies that (1 + ngﬁy)_l = 0.89, which is lower than the value
of 5 that they assume.

According to Proposition 3, consumption-tax policy is less powerful under rule-based
communication than when policy is communicated via targets. The intuition is as follows.
Under a rules (and targets) based policy, level-1 people don’t understand that future output
will be lower after the discount-rate shock. Other things equal, this error implies that their
consumption will be higher than under rational expectations. Under a rules-based policy,
level-1 people don’t think output will change. So, they don’t believe that future consumption-
tax rates will change. Other things equal, this error implies that their consumption will be
lower than under rational expectations. If § > (14 J¢y)_1, then the effect of the second
error dominates the effect of the first error, and output is lower in the level-1 equilibrium
than in the rational expectations equilibrium.

Under target-based communication, level-1 people internalize the exact path of future
consumption-tax rates. So, the expansionary effects of the tax rate change become operative
even if people are not very sophisticated. This effect is as strong as it would be under rational
expectations. But level-1 people still underestimate the decline in their future income. So,
consumption and output are higher than under rational expectations.

As it turns out, a version of the proposition extends to the case where y; < yy 1 <0, ie.,
level-1 people expect output to fall, but by less than it would under rational expectations.

To simplify, consider a log-linear version of the economy in which case log-output is given by

T—t—1
1 . ox 1—pT
= — — SThyg L — . 1.25
Yt |:/8 1+O_¢y:| ; yt-i—s 1+0-¢y ]-_B ( )

As before, we assume that people believe output goes back to steady-state after t = T.
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The extended proposition immediately follows from the assumption that y{' > y; and
B>(1+o¢,) "

Figure 1.1 illustrates the properties of the rational expectations and level-1 equilibria
under rules- and targets-based communication. We set the discount factor 5 to 0.99, the
intertemporal elasticity of substitution o to 0.5, and the coefficient on output in the Taylor
rule, ¢,, equal to 0.25.'7 We assume that the ZLB lasts for ten periods, T = 10, and
we choose the discount rate shock so that fgeX = 1.01,and x = 0.02. Finally, we assume
that yf’l = (0. Four findings emerge from Figure 1.1. First, equilibrium output under
target-based communication is close to the rational expectations equilibrium output level.
Second, equilibrium output under rule-based communication is much lower than the rational
expectations equilibrium output. Third, the poor performance of rule-based communication
is more pronounced the earlier we are in the ZLB episode, i.e., the longer the episode is
expected to last. Finally, Figure 1.1 shows that, with targets-based communication, output is
higher in the level-1 equilibrium than in the rational expectations equilibrium. In that sense,
the same policy is more potent at stabilizing output when people are not very sophisticated.
As it turns out, this result holds for all levels of k.

The following proposition summarizes how the efficacy of targets-based communication
policy depends on k. In line with the discussion above, we derive the results for the general
case in which level-1 people believe that output falls by less than it would under rational

expectations.

Proposition 4. Suppose that the government announces the target for tax policy 1/, given
by (1.23), and suppose that y; < yf’l <0 for all t. Suppose, furthermore, that level-1 people
believe that the economy goes back to steady state after the ZLB period, i.e., Yf’l =1 for
t > T. Then, for any k, output in the level-k equilibrium is higher than under rational

expectations, i.e., y* > yr. Furthermore, yF converges monotonically to y; as k — .

1"These parameters satisfy the condition in Proposition 3.
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Figure 1.1: Rules versus targets
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This proposition shows that under target-based communication, the consumption-tax
policy under consideration becomes more powerful the less sophisticated people are. The
intuition follows from the discussion after proposition 3. As k increases, people expect
an increasingly large recession after the discount rate shock. So, equilibrium consumption
and output drop by more as k increases, eventually converging to the rational expectations
equilibrium.

To extend the previous analysis of rule-based communication when £ > 1, we must
confront the following well-known problem. Under rules-based communication, the level-k
model under consideration exhibits a peculiar type of oscillatory behavior as a function of
k. The equilibrium level of output lies below the rational expectations equilibrium level for
odd levels of k but is above it when k is even. The log-linearized version of the temporary
equilibrium is given by (1.25). Since output in the level-1 equilibrium is lower than under
rational expectations, level-2 people believe that y; 2 = yl < yi. Since 8 — (1 + aqﬁy)_l > 0
it follows that the level-2 equilibrium level of output is higher than the rational expectations
equilibrium level of output, y? > y;. This oscillatory pattern emerges more generally as a

function of k.
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This peculiar oscillatory feature reflects a more general oscillatory behavior in standard
level-k thinking models discussed in Garcia-Schmidt and Woodford (2019) and Angeletos
and Sastry (2021). They argue that this feature is a “bug” of the standard level-k thinking
approach, which is not present in other similar models of bounded rationality.

A key question is whether our key conclusions are robust to other models of bounded
rationality which do not feature this bug. To address this question, we proceed as follows.
First, in the main text, we redo the analysis in the previous figure for various levels of &
in a generalized level-k thinking model. Second, in appendix A.2, we redo the analysis of
this section for (i) a generalized level-k thinking model based on Camerer et al. (2004), (ii)
a reflective expectations model based on Garcia-Schmidt and Woodford (2019), and (iii) a
shallow reasoning model based on Angeletos and Sastry (2021). All of our previous results

go through for these alternative models of bounded rationality.

Generalized level-k thinking This section considers the effects of rules-based policy
in a generalized level-k economy for the log-linearized economy. Following Camerer et al.
(2004), we assume that level-k individuals think that other people are distributed over lower
levels of cognitive ability according to the distribution f (j) for 0 < j < k—1. The reasoning
process underlying the generalized level-k£ model is analogous to the standard level-£ model
process. As in Farhi and Werning (2019), we assume that contemporaneous output, y;, is
observed.

To analyze this economy, we must introduce the concept of a level-0 person. This type
of person continues to act as they did before the discount rate shock, i.e., their consumption

decisions are such that 3 = 0.

Level-1 individuals believe that the economy is populated by level-0 people so ¥, e Y =
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0. Given current output 1,

1— ﬁTft

— (1.26)

ot () =—(BL+0d,) — Dy — (B(1+0¢,)—1) Zﬁms — 0By

s=1

Suppose that the economy is populated entirely by level-1 individuals. Solving (1.26) for y}

yields,

1 . oy 1-—pT
_(ﬁ_1+a¢y)gﬁ 1yt+5_1+a¢y 1-8 °

Level-2 individuals believe that a fraction f; () of the population is level j = 0,1 and work

through the problem of level-0 and level-1 people. So they believe that y? is the solution to

= Zf2 () e (v

More generally, level-k people believe that output is the solution to

= Z fe (el (). (1:27)

Since contemporaneous output is observed, people with different cognitive levels expect
different consumption levels for less sophisticated people than themselves. Technically, this
means that level-k people think that level-j people’s consumption is given by:

_BTt

CZ (yt) = _(5 (1 +U¢y) - 1) Yt — (ﬁ (1 +U¢y) - 1)Zﬁsyt+s — 0B —3 )

s=1

(1.28)

for j > 1.

Using conditions (1.27) and (1.28), the beliefs of level-k individuals can be written as

ka yt7
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where
: 1 o oy 1—pTt
i—=_|[p_ s=1,ej _

for 7 > 1 and 3? = 0.

Camerer et al. (2004) assume that the distributions f (+) are consistent with the physical
distribution of cognitive levels in the economy. In contrast, we maintain the representative
agent assumption so that everyone shares the same level k. We assume that agents of different
cognitive levels agree on the relative proportions of lower cognitive levels. The distributions

fi (+) are such that for any ky < ko and s,5" < ky

fkl (S) _ fk2 (S)
fkl (S/) fk’z (Sl) ‘

(1.29)

Let v, = fr (k — 1) for all k. Then assumption (1.29) implies that fi () = (1 — ) fr—1 (j)

for j < k — 2. We can write the expectation of level-k individuals as follows:

k—2
yt = =)D S Gyl ey = =) u T (1.30)
=0

Intuitively, the beliefs of a level-k thinker are given by a weighted average of the beliefs of
level-(k — 1) agents and the equilibrium that would arise if everyone in the economy was
a level-(k — 1) thinker. Standard level-k thinking corresponds to the case of 7, = 1. By
varying 7, we can control the intensity of updating across level-k iterations.

Figure 1.2 displays the numerical solution for this economy under rational expectations
as well as the four lowest levels of cognitive sophistication. The parameter values are the
same as those used for Figure 1.1. For illustrative purposes, we assume that v, = 0.5 so
that level-k people think that half of the population is level £ — 1. In practice, we find
that our qualitative results are robust to moderate perturbations of ;. The left and right

panels show the equilibrium for the case in which policy is communicated as a rule and as a
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sequence of targets, respectively.

Figure 1.2: Rules versus targets
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A number of key results emerge from Figure 1.2. First, rule-based communication does
not lead to oscillatory behavior in this model economy as people become more sophisticated.
The reason is that expectations about income are updated more smoothly than under stan-
dard level-£ thinking. Second, target-based communication does better than rules-based
communication in stabilizing output. For any given k, target-based communication results
in a higher level of output than under rational expectations. But the opposite is true of
rule-based communication. The intuition for these results follows from our discussion of
the level-1 economy. Third, under rules-based communication, the level of people’s sophis-
tication is an important determinant of the size of the recession. Indeed, if people are not
very sophisticated, output can be two to three percentage points lower than under rational
expectations. In contrast, the level of sophistication is quantitatively less relevant under
target-based communication. Finally, as was the case under standard level-k thinking, un-
der rules-based communication, the differential impact of k£ on output is larger the longer

the ZLB period is expected to last.
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1.3 A model with Calvo-style wage rigidities

This section extends the baseline model to allow for time-varying prices and wages. We do
so by introducing Calvo-style wage rigidities as in Erceg et al. (2000) and Schmitt-Grohé and
Uribe (2005). In Appendix A.4, we show that our results are robust to assuming Calvo-style
price rigidities.

The model economy is populated by a continuum of households, unions, goods producers,
and the government. Each household has a continuum of workers who have different labor
skills. Output can be used for private or government consumption so that the aggregate

resource constraint is still given by (1.3).

Goods producer The final good is produced by a representative firm using a Cobb-

Douglas technology from a fixed stock of capital, K, and a composite labor input, NN;:
Y, = AK"N}~, (1.31)

where A > 0 denotes total-factor productivity, and « € [0,1] denotes the capital share
of output. We assume that capital is fixed for simplicity and to avoid complications in
modeling investment decisions when agents have bounded rationality. This assumption can
be rationalized for business cycle dynamic analysis if there are large capital adjustment costs
(see for example Rotemberg and Woodford, 1997 and Farhi and Werning, 2019).

The composite labor input /N, is generated using a continuum of labor varieties according

to the technology:

0

1 9—1 —1
N, = [/ o du} , (1.32)
0

where 6 > 1 captures the elasticity of substitution across the labor varieties. The firm, which

is perfectly competitive in both the goods and the labor market, produces final output using
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the technology given by (1.31) and (1.32). The firm maximizes

1
g —/ wu,tnu,tdu
0

subject to (1.31) and (1.32). Here P, denotes the price of the consumption good and w,

denotes the wage of n, ;. The solution to this problem is given by:

-6
Wayt
u,t — ’ N, 1.33
Nt (We) t ( )

where

1 —0
W, = { / wi;edu} , (1.34)
0

and

% =(1-a)A (%) . (1.35)
Households The household enters period ¢ with financial assets B; which earn the interest
rate R;_1. As in section 1.2, we assume that the household knows its time-¢ income Y; and
taxes T;. When solving its dynamic consumption-savings problem, the household maximizes
its perceived utility which is evaluated based on today’s consumption, C;, and on its plans
for future consumption, é’t+s for s =1,2,.... Labor supply is determined by labor unions as

described below. We denote by L; the total hours worked by the household,

1
Lt = / nu,t.
0

With wage dispersion induced by nominal rigidities, L; is not to equal N;.
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The representative household maximizes (1.1) subject to
(]' + thJrs) Ptisét-l-s + Bt+8+1 - (]- - this) WtisNte#»s + Q§+s + RH-S—IBH-S - Tte+s7

where €27, denotes lump-sum profits from firms and 7;* denotes the time ¢ tax rate on labor
income.

The household has perfect foresight with respect to exogenous variables, including the
discount rate shock, &. For now, we assume that the government announces sequences of
nominal interest rates, {R;}, government spending, {G;}, and taxes {77, 7"}. Household

beliefs for Ty satisfy:

Z Qtat'f'STte—i-s = Z Qt,t+s [Pte—i-sGH-S - th-&—spte-&-sote—l-s - Tﬁ&-sWte-l—st—l—s} + Rt—lBt' (136)

s>0 s>0

Along with our other assumptions, (1.36) implies that Ricardian equivalence holds in our
model.

As shown in appendix A.3.1, the solution to the household’s problem implies

P (1475
C 2520 Qms% [V, — Gegs]
t

- 1-0-
t+s 7 P S 1+TC S
L4 Do (5052) Qe 057

(1.37)

Labor market and unions Unions decide wages. In the presence of sticky wages, actual
employment is demand determined. Each household supplies n,; units of type u labor to a
union indexed by u € [0,1]. Union u faces labor demand given (1.33).

The union sets wages subject to Calvo-style frictions. At each date, 1 — A unions are
randomly selected to adjust their wage, w, ;. For the other A\ unions, w,; = w, 1. Unions
act on behalf of households and choose wages and labor hours to maximize the expected

household’s valuation of labor income.
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In a symmetric equilibrium, unions that can reset their wages choose the same value. We

denote the common new reset wage by W;. In appendix A.3.2, we show that W} satisfies

o0 s Pys o Wi 0 e ./ e
W 0 Yoo (BA) &g ( 2 ) (Pf+5> Nf v (Lt+s)
Pt - 6 — 1 pPe -1 we 6 1_gn * (138)
ZSZO (/B)\> Ses ( HS) (PE:> Neyou! ( f“‘S) 1+ng

The union has perfect foresight with respect to exogenous variables but is boundedly rational
with respect to endogenous variables. In particular, we assume that the union forms beliefs
about future aggregate prices, P, wages, W, consumption, Cf, the labor composite, N/,

and labor input, L7, using level-£ thinking.

Monetary and fiscal policies Nominal interest rates during and after the ZLB period
are as described in the benchmark model. The fiscal authority sets government spending
G, consumption taxes 77, labor income taxes 7;', and lump-sum taxes 73, subject to the

intertemporal budget constraint:

Z Qti+sPrvsGiys + Ry_1 By = Z Q.45 [TtiSPtJrsCH»s + 74 Wi s Nejs + ,—TtJrs} . (1.39)

s>0 s>0

Temporary Equilibrium As in Farhi and Werning (2019), we assume that people’s beliefs
regarding future nominal prices and wages are scaled by P,/Pf. This assumption allows
people to incorporate current and past surprise inflation into their beliefs, leaving beliefs
about future inflation and real wages unchanged.

For each date ¢, given beliefs Af = {Y,?, Cf, N, L§, Pf/Pf,W¢/P¢}, a temporary equi-
librium is a sequence of allocations and prices A; = {Y;, Cy, Ny, Ly, P,/ P,_1,W;/P,} in which
households, firms, and unions solve their optimization problem, and goods markets clear.
In appendix A.3, we summarize the equations whose solution defines an equilibrium for

this economy. In addition, we present the log-linearized system and show how to compute
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generalized level-k equilibria in which beliefs evolve analogously to those in equation (1.30).

Calibration As in section 1.2, we assume that the elasticity of intertemporal substitution
is o = 0.5, =099, x =0.02,and G/Y = 0.2. Consistent with the evidence in Chetty
et al. (2011) we set the Frisch elasticity is ¢! = 0.75. We normalize K = 1 and set the
capital share, «, to 0.33. In addition, we set total factor productivity, A, so that steady
state output is equal to one. Following Correia et al. (2013), we assume that the elasticity
of substitution across labor types 6 is equal to 3, and the Calvo parameter \ is 0.85. We
set the steady-state tax rates 7¢ and 7" equal to 0.05 and 0.28, respectively. Finally, we
assume that level-1 beliefs about aggregate output are anchored at the initial steady state,

: 1
ie, Y =1

1.3.1 Government spending multipliers

This section briefly illustrates the analog to Proposition 1 for the case in which tax rates are

constant and government spending rises by AG during the ZLB period.

Figure 1.3: Government spending multipliers for n =1
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The left panel of Figure 1.3 displays the government spending multiplier, AY;/AG,

computed under the assumption of rational expectations and for various levels of k. Under
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rational expectations, this multiplier is initially close to 1.5. Consistent with results in the
NK literature, the large size of this multiplier reflects the fact that government spending
induces inflation, which lowers the real interest rate during the ZLB period. Because of
intertemporal substitution effects, this fall induces households to raise their demand for
consumption which raises output. Other things equal, perfectly rational agents understand
that these intertemporal substitution effects increase current and future output. In a virtuous
cycle, the rise in future income raises people’s permanent income, raising current spending
and inflation. The latter effect lowers the real interest rate, strengthening the intertemporal
substitution effect. The net effect is a sequence of large multipliers, exceeding one in value.

To assess the impact of level-k thinking, it is useful to define the cumulative spending

multiplier as'®

S, AY, AG, AY,
M=ttt N 2 2ot
S, AG, ; S AG, AG,

The right panel of Figure 1.3 shows that the cumulative multiplier increases with k. The
intuition is as follows. The lower the cognitive level of individuals, the less they understand
the general-equilibrium effects of spending on total GDP and inflation. So lower level-
k people predict a relatively small rise in their income and inflation in response to the
increase in government spending. The result is that the lower is k, the smaller is the rise in
consumption induced by government spending. Indeed level-1 and level-2 people cut their
spending because the tax effects of an increase in government spending outweigh the income
effects.

Taken together, the results in this section reinforce the message from the benchmark
model: bounded rationality weakens the case for the efficacy of government spending as a

tool for stabilizing output in the face of a shock that causes the ZLB to bind.

18Since the cumulative multiplier can be decomposed into a weighted sum of the time ¢ multipliers, the
results in Proposition 1 for the benchmark model also hold for the cumulative multiplier.
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Figure 1.4: Government spending multipliers for n =1
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1.3.2 Consumption-tax policy

This section considers the efficacy of tax policy in the extended version of our benchmark
economy. Our key result is that Proposition (2) continues to hold so that tax policy can
support the flexible-price allocation even when prices and wages are not fully rigid.

Under rational expectations, the requisite tax policy sets consumption taxes according

to

= (14 1°) e~ (T=t(x=r) _ 1.

Recall that in the benchmark economy, wages are fully rigid. Employment is determined
entirely by the demand for labor. In the extended model, consumption taxes, 7,"", induce
distortions in labor supply which affect the equilibrium because wages aren’t perfectly rigid.
To support the flexible-price allocation, the government must adjust labor taxes to undo

these distortions:
L—7 1—1"

L+70" 147¢

Under this policy, the tax wedge on labor supply is constant over time. Critically, the
government announces its policy for 7,°* and 7" as a sequence of tax rate targets.

We now state the analog to Proposition (2) for the extended model.
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Proposition 5. Suppose that level-1 people believe that the economy goes back to steady
state after the ZLB period, i.e., A" = A = {Y,C,N,L,1,W/P} for t > T. Consider the

log-linearized version of the model economy. Then,

1. For each k, there exists a policy {th’k,Tt"’k} which implements the flexible-price allo-

cation.

2. Suppose that A" = A for allt > 0, then the policy {t*, 7"} implements the flexible-

price allocation for all k.

Here Af’k denotes the beliefs of level-k people. This proposition generalizes Proposition
2 to the extended model and demonstrates that tax policy is still very powerful even under
bounded rationality in the presence of time-varying wages and prices.

Rules versus targets

This section revisits the effectiveness of rules-based communication in the extended model.

As in Correia et al. (2013), we assume that the interest rate is given by a Taylor rule subject

1 Pt ¢7‘r ¢
Rt = max 6 P_ Y; y71 . (140)
t—1

Here ¢, is the coefficient on realized inflation and ¢, is the elasticity of the interest rate with

to a ZLB constraint,

respect to the output gap. The rule for consumption taxes and labor-income taxes is
1 TC P (bﬂ'
T ind gt (=L VAT (1.41)
L+ 7, P

1—7'[‘_1—7'"

1+77 147

and

(1.42)

Critically, the government announces tax policy in the form of the rules, (1.40)-(1.42).
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Proposition 3 follows trivially for the extended model with & = 1 because everyone
expects inflation to be zero and output to remain at its steady-state level. However, in
general, it is not possible to prove the analog proposition for £ > 1. However we can show
numerically that the basic results in that Proposition continue to hold. We follow Christiano
et al. (2011) and set ¢, = 1.5 and ¢, = 0.25.

Figure 1.5 displays our results under rational expectations and level-£ thinking, assuming
that Y;"' = 1. The (1,1) element of Figure 1.5 displays the shock to the subjective discount
factor x;. The (1,2), (1,3), and (2,1) elements show the log deviation of output (y;), con-
sumption (¢;), and labor (n;), from their steady-state levels, respectively. Finally, the (2,2)
and (2,3) elements show inflation, 7, and the after-tax real interest rate, ry — 1 — AT .

Recall that in the flexible-price allocation, all quantities remain at their pre-shock steady-
state values. The solid blue lines depict the equilibrium under the rules-based monetary and
fiscal policies (1.40)-(1.42). Correia et al. (2013) show that, under rational expectations, the
proposed fiscal policy has a powerful stabilizing influence on the economy. For example, if
tax rates are kept constant in our model economy, the maximal drop in output exceeds seven
percent. Under the proposed fiscal policy, the maximal decline in output would be roughly
two percent (see Figure 1.5).

With level-k thinking, rules-based fiscal policy is much less powerful than under rational
expectations. For example, when k& = 1, the maximal decline in output is slightly over five
percent. As k rises, the efficacy of rules-based fiscal policy increases as people are better able
to understand the evolution of future tax rates. Finally, as k goes to infinity, the response
of the model economy converges to the rational-expectations equilibrium.

Taken together, the results in this subsection reinforce the message from the benchmark
model. When agents are level-k thinkers, target-based communication is more effective than

rules-based communication when the ZLB is binding.
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1.3.3 On Ricardian Equivalence

In our analysis, we assume that people understand the government-budget constraint. If
we relaxed this assumption, Ricardian equivalence would not hold, and we would have to
take a stand on a variety of issues. Most importantly, we would have to fully specify the
timing of lump-sum taxes and how that path is communicated to people. Our results about
the efficacy of fiscal policy would convolve the impact of those assumptions with those of
people’s limited understanding of GE effects. The mechanisms that we stress in our analysis
would continue to operate in the more complicated environment, but their effects would be
less transparent.

Still, it is of interest to shed light on the relative sensitivity of our tax and spending
results to the failure of Ricardian equivalence. To this end, we suppose that the government
decides not to change lump-sum taxes from their steady-state level during the ZLB episode.

We then compare how much debt the government accumulates under different policies during
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the ZLB period. To the extent that more debt is accumulated under one policy, conclusions
about that policy are more likely to be affected by departures from Ricardian equivalence.
Here we consider two policies. The first is a policy in which consumption and labor-
income taxes are set to achieve the flexible-price allocation. The second is a policy in which
the government raises spending by a constant amount at all dates during which the ZLB
binds. The constant is chosen so that the cumulative deviation of output from its steady-
state level is equal to zero. In Figure 1.6 we display the increase in real debt incurred under
the two policies by the end of the ZLB period. We do so for different levels of k. Since
steady-state output is equal to one, these debt levels can also be interpreted as changes in

the debt-to-GDP ratio.

Figure 1.6: How much debt is accumulated by fiscal policy alternatives?
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Several key results emerge from Figure 1.6. First, the government-spending policy is
associated with an increase in the debt-to-GDP ratio to 21 percentage points for k = 1. As

we increase k, that ratio converges monotonically to 22 percentage points.!” Second, the

19The monotonicity result may be puzzling in light of the fact that higher levels of k are associated with
higher government spending multipliers. But note that, other things equal, the size of the recession is
increasing in k. So to eliminate the cumulative output gap, government spending must be an increasing
function of k. As it turns out, this effect dominates the multiplier effect so that total debt is slightly
increasing in k.
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tax policy is associated with only a 12 percentage points increase in the debt-to-GDP ratio.
Since this policy is independent of k, so too is the amount of debt that the government
incurs. The fact that tax policy is associated with less debt than the government-spending
policy reflects that even though the consumption-tax rate is lower during the ZLB period
than its steady-state value, the tax rate on labor is higher. The latter provides a partial
offset to the lost revenue from the lower tax on consumption.

Our results show that the total amount of debt incurred under the spending policy is
larger than under the tax policy. To the extent that Ricardian equivalence fails because
of bounded rationality, this suggests that results regarding the government-spending policy
will be more sensitive than results regarding tax policy if only because there is more to be
financed under the spending policy. We leave a complete analysis of the non-Ricardian case

to future research.

1.4 Conclusions

This paper addresses the question: how sensitive is the power of fiscal policy at the ZLB
to the assumption of rational expectations? We do so using a standard NK model in which
people have a limited understanding of the general-equilibrium effects of fiscal policy.

Our analysis weakens the case for using government spending to stabilize the economy
when the ZLB binds. The reason is that the efficacy of government spending is quite sensitive
to how sophisticated people are. Using a variant of the standard NK model, we find that the
less sophisticated people are, the smaller the government-spending multiplier is. The basic
intuition is that the power of government spending depends on people’s ability to compute
and internalize the general-equilibrium effects of spending on their own incomes. The less
sophisticated people are, the less they understand these general-equilibrium effects, the more

they cut their consumption and the more output falls during the ZLB period.
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Our analysis strengthens the case for using tax policy to stabilize output when the ZLB
is binding. Correia et al. (2013) argues that tax policy is a powerful way to stabilize the
economy when the ZLB binds, and people have rational expectations. We show that the
power of tax policy during the ZLB period is essentially undiminished when agents do not
have rational expectations. Indeed, even when people have low levels of sophistication,
it is always possible to achieve the flexible-price allocation during a binding ZLB period.
Suppose that the least sophisticated people think that the economy will remain at its pre-
shock level. Then, the path for consumption taxes that supports the flexible-price allocation
is the same regardless of how cognitively sophisticated people are. Critically, under this tax
policy, people’s initial beliefs are self-confirming so that the efficacy of the policy does not
exploit people’s lack of sophistication. Taken together, these results show that tax policy for
stabilizing the economy when the ZLB binds is powerful and robust to how sophisticated
people are.

We also show that when people have limited cognitive abilities, the way in which tax
policy is communicated becomes critical to its effectiveness. Tax policy is more effective
when it is communicated as a sequence of tax rates instead of a rule involving equilibrium
objects like the output gap. The reason is simple: when policy is communicated as a sequence
of tax rates, people immediately incorporate those rates into their decisions. When policy is
communicated via a tax rule, people must deduce the implications of the rule for the variables
that they care about, like consumption-tax rates. In our model, unsophisticated people
underestimate how stimulative future policy will be, so tax policy will be less powerful at
stabilizing output. Communication matters in a world where people are boundedly rational.

We conclude by noting that a well-known shortcoming of the standard level-k approach to
modeling bounded rationality is that people do not update their expectations over time. So
we think that this approach is best suited for analyzing people’s behavior in the aftermath

of unprecedented events. How people actually learn about the structure of the economy
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when such events do occur is an open and important question. But as long as they do
not learn about that structure instantly, they are likely to underplay the importance of
general-equilibrium effects. Because this feature is the crucial one underlying our results,
the qualitative insights of our analysis would continue to hold even if we assumed that beliefs

were updated over time.
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Chapter 2

Unemployment Insurance in Macroe-
conomic Stabilization with Imperfect

Expectations

2.1 Introduction

Unemployment insurance (UI) is an essential component of the social safety net. Temporary
UI duration extensions are among the most commonly used fiscal-policy instruments to
fight recessions. In the U.S.; legislators have passed additional extensions on five separate
occasions in the last 40 years. For example, during the Great Recession, the maximum
duration of Ul benefits increased from 26 weeks to 99 weeks. More recently, during the 2020
recession, unemployment benefits were again extended by 13 weeks. Despite the ubiquitous
nature of Ul extensions, their benefits and costs remain a main subject of debate.

A recent literature emphasizes that a central channel by which UI operates is the house-
holds’ precautionary saving motive (e.g., McKay and Reis 2016 and Kekre 2021). An increase
in the safety net’s generosity boosts aggregate demand by reducing households’ incentives to
save in anticipation of unemployment spells. However, this modern literature assumes that
people have full-information and rational expectations (FIRE). The FIRE assumption is crit-
ical in these environments since precautionary saving is governed by people’s expectations

regarding risk and income upon unemployment.
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It is now well documented that survey data on beliefs show large deviations from full
information and rational expectations (e.g., Coibion and Gorodnichenko 2012, 2015, Bordalo,
Gennaioli, Ma, and Shleifer 2020 and Angeletos, Huo, and Sastry 2021). For illustration,
the left panel in Figure 2.1 shows the unemployment rate during the Great Recession (in
black) alongside the consensus forecast for this variable at multiple horizons in the Survey
of Professional Forecasters (in purple).! We highlight two main facts. First, we find that
SPF beliefs systematically under-forecasted the increase in the unemployment rate during
the buildup phase. One observation is worthy of mention. The UI extensions legislation
of 2008 stipulated that benefits would be increased by an additional 13 weeks in case the
unemployment rate increased above 6 percent. At the national level, this unemployment
rate is reached in the third quarter of 2008. Interestingly, right until the quarter just before
that, professional forecasters did not anticipate that the unemployment rate would ever cross
the 6 percent threshold. This suggests that people may not have expected that the Tier 3
would be activated. Second, following the peak of unemployment, forecasts lagged behind
the decline in actual unemployment, with people systematically over forecasting the future
unemployment rate.

Because they affect what people think about activating these automatic triggers, these
forecast failures also change how people respond to the policy announcement. In this paper,
we are interested in understanding the performance of UI extensions in stimulating demand

when people’s expectations are not full-information and rational.

Illustrative model. We begin our analysis with an illustrative model that isolates the role
of expectations in determining the aggregate demand response to increases in UI benefits.

We work with a two-period setting and fully rigid prices, allowing for a simple analytical

'We understand that this figure does not represent definite proof of the failure of the FIRE model because
new shocks could be realized at every point in time. The right panel shows that the same pattern is also
present in the impulse responses of beliefs to an identified shock—the main business cycle shock of Angeletos,
Collard, and Dellas (2020).
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Figure 2.1: Consensus Forecast of Unemployment Rate

Observed during Great Recession Conditional on Main Business Cycle Shock
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Notes. On both panels, the black line is based on the seasonally-adjusted civilian unemployment rate from
the U.S. Bureau of Labor Statistics, and the purple line is based on the median unemployment forecast from
the Survey of Professional Forcasters. On the left panel, we plot the level of the unemployment rate and
forecasts between 2007Q1 and 2012Q1. On the right panel, we plot the impulse responses of these variables
to the main business cycle shock (targeting unemployment) from Angeletos, Collard, and Dellas (2020). We
estimate the impulse responses using an ARMA-IV specification as in Angeletos, Huo, and Sastry (2021).
We scale the shock such that peak response of unemployment is 1 percentage point.

solution. In both periods, workers can be either employed, earning labor income, or un-
employed, earning Ul benefits. The individual’s unemployment shock is independent across
periods. We consider a demand-induced recession in the second period, increasing house-
holds’ incentives to take precautionary savings in the first period. We evaluate the effects of
two scenarios in shaping the anticipatory response of aggregate demand. The first is a pol-
icy in which unemployment benefits are a function of the unemployment rate, i.e., a policy
rule as considered in other settings by Angeletos and Sastry (2021) and Bianchi-Vimercati,

Eichenbaum, and Guerreiro (2021). The second is a policy of directly communicating the

generosity of unemployment benefits. We show that the difference in response of output in
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these two economies is given by the product of four terms:

YU —dYy = —M - My, -G - (1 — \)dUy, (2.1)
forecast error
where each term is: (1) the Keynesian-cross multiplier is M > 0, (2) the partial-equilibrium
response of aggregate demand to higher unemployment benefits, M, > 0, (3) the elasticity of
unemployment benefits to the unemployment rate, ¢, > 0, and finally (4) the forecast error
in predicting the unemployment rate (1 — \)dU; where 1 — X\ denotes the cognitive bias and
it is such that dUy = A\dU;, and dU; > 0 the increase in unemployment at time 1.

The relative performance of rules-based policy depends on whether beliefs underreact
relative to FIRE (A < 1) or overreact relative to FIRE (A > 1). If individuals hold full-
information and rational expectations, A = 1, the output response is the same both scenarios.
Instead, if beliefs underreact with respect to FIRE, individuals under forecast the increase in
the generosity of UI benefits. It follows that the stabilization power of the policy is weaker.
Instead, if beliefs overreact, the opposite happens. Individuals over forecast the change in
the generosity of future Ul benefits, leading to a larger cut in precautionary savings and
thus a milder recession. This model emphasizes that the anticipation of UB extensions is an

important margin by which these policies transmit to consumption.

General framework. The simple model emphasizes the importance of getting expecta-
tions right in assessing the effects of Ul extensions. With the goal of quantifying the con-
sequences of the empirical patterns of expectations, we then describe a general framework
that allows a more complete description of the economy and its actors and a more general
description of their beliefs.

In section 2.3, we discuss a general method that allows us to solve an economy under

arbitrary assumptions on beliefs. This flexible method is based on the Sequence-space Ja-
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cobian framework developed in Auclert, Barddczy, Rognlie, and Straub (2021) and further
extended to models deviating from FIRE by Auclert, Rognlie, and Straub (2020).? Building
on their main insight, we show that under general beliefs, it suffices to describe the response
of each agent block to two additional objects: the forecast errors and the forecast revisions.

In this framework, FIRE is equivalent to perfect foresight. So, people make no forecast
errors or revisions. It suffices to describe how people respond to the time-0 innovation,
which forces the economy to deviate from a steady state. The Jacobians are sufficient
statistics mapping changes in the path of endogenous and exogenous variables into the path
of aggregate decisions of the agent block. For example, the consumption-real-interest-rate
Jacobian J " maps the change in real interest rates to the change in aggregate consumption
of a household block. But, with general beliefs, people make mistakes in forecasting and may
revise their expectations in the future. How individuals respond to these new objects can
be computed directly from the FIRE Jacobian. The intuition for this result follows from the
fact that because forecast errors and revisions are entirely unanticipated by the agents, then
their response to these forecast updates is the same as their response to an unanticipated
time-0 change. For example, the response of the household block to a forecast error in the
time 1 real interest rate r; — r{ is precisely the same as the agent would respond to a time
0 real interest rate shock rq under perfect foresight, JO%T.

Because it only uses the FIRE Jacobians, this method is very fast and easy to implement.

We discuss how to implement a variety of popular models of deviations from FIRE.® More

2 Auclert, Rognlie, and Straub (2020) show how to implement the method for sticky expectations (Mankiw
and Reis 2002, Carroll, Crawley, Slacalek, Tokuoka, and White 2018), cognitive discounting (Gabaix 2020),
and dispersed information (Angeletos and Huo 2021). They also discuss how this framework can be extended
to other models.

3Including incomplete and dispersed information (Lucas 1972, Woodford 2001, Carroll 2003, Angeletos
and Huo 2021), sticky expectations (Mankiw and Reis 2002, Carroll, Crawley, Slacalek, Tokuoka, and White
2018), cognitive discounting (Gabaix 2020), finite planning horizons (Woodford 2018), diagnostic expecta-
tions (Bordalo, Gennaioli, and Shleifer 2018, Bordalo, Gennaioli, Ma, and Shleifer 2020, Bianchi, Ilut, and
Saijo 2021), shallow reasoning (Angeletos and Sastry 2021), adaptive expectations (Cagan 1956; Friedman
1957), among others.
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importantly, the framework allows us to work with arbitrary expectations. We leverage this
fact by working directly with empirically measured expectations. As we discuss below, this
allows us to quantify the impact of imperfect expectations on the power of Ul extensions in
stimulating aggregate demand without imposing any extra assumptions on the belief forma-
tion model. Effectively, this method allows us to sidestep the issue of choosing among the

“wilderness” of alternative models of belief formation, a common criticism of this literature

going back to Sims (1980) and Sargent (1999).

Quantitative framework and results. Equipped with a framework to solve and analyze
dynamic models with arbitrary deviations from FIRE, we refine the analytical results in (2.1).
We need four objects. First, the dynamics of forecast errors about the unemployment rate.
Second, a Ul extension policy that indexes duration to the unemployment rate. Third, a
model of households that maps beliefs about UI duration into aggregate demand. Fourth, a
model of the macroeconomy that maps shocks into equilibrium output, unemployment rate,
and so on.

To obtain empirically relevant forecast errors, we estimate the impulse responses of the
unemployment rate and its forecasts at different horizons to an identified aggregate demand
shock. We measure expectations as the median forecast from the Survey of Professional
Forecasters. Our identified shock is the main business cycle shock of Angeletos, Collard, and
Dellas (2020). Combining these estimates allows us to compute the dynamics of forecast
errors and revisions conditional on a relevant aggregate demand shock.

We implement automatic Ul extensions via a policy rule that indexes the Ul expiration
probability to the equilibrium unemployment rate. We calibrate the semi-elasticity in the
rule, (3, to match the ratio of Ul extensions in the EUCO8 policy to the rise in the unem-
ployment rate during the Great Recession. The calibrated rule implies that a one percentage

point increase in the unemployment rate triggers about a one-quarter increase in average Ul
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duration.

We embed this policy rule in a New Keynesian model with incomplete markets, het-
erogeneous households, and search and matching frictions. Our model incorporates many
features that have been emphasized in modern models of social insurance (McKay and Reis,
2016; Kekre, 2021), and aggregate demand (Auclert, Rognlie, and Straub, 2018). Notably, it
features intertemporal optimization by risk-averse, liquidity-constrained households; hetero-
geneity in marginal propensities to consume (MPC); endogenous unemployment risk; and
nominal rigidities. We estimate our model following similarly to the procedure popularized
in Christiano, Eichenbaum, and Evans (2005) and recently extended to an heterogeneous-
agent environment by Auclert, Rognlie, and Straub (2020). First, we calibrate the model’s
steady state to deliver realistic MPCs, and estimate transition-specific parameters to match
the impulse responses to the identified shock. Second, we estimate the remaining parameters
by matching the empirical impulse. Importantly, this estimation exercise can be performed
using directly the expectations observed in the data in response to the identified shocks.

Our estimated model implies that perceived UI duration is more important for aggregate
stabilization than actual UI duration. A Ul extension raises incomes only for those workers
who experience a job loss and stay eligible thanks to the extension. Most households remain
employed even in deep recessions; for them, only perceived Ul duration matters, affecting
their precautionary saving. So expectations are crucial in assessing the effectiveness of the
policy. We show that the policy is less effective in the short run than under FIRE. This
finding is a direct consequence of the pattern of initial belief underreaction observed in
Figure 2.1. However, after the peak of the recession, expectations turn overly optimistic
relative to FIRE. This pattern of delayed overreaction implies that the rules-based policy
becomes even more effective under the estimated beliefs than under FIRE.

We use our model to quantify the impact of Ul extensions on equilibrium unemployment

and consumption relative to a counterfactual scenario in which Ul duration was constant.
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In order to run counterfactuals, we describe and estimate a model of belief formation which
combines noisy information with diagnostic expectations and long-memory. We show that,
at the onset of the recession, the policy reduces the unemployment rate by 0.4 percentage
points and increases aggregate consumption by 0.6 percentage points, while in FIRE the same
policy would have reduced the unemployment rate by 0.7 percentage points and increased
consumption by 1 percentage point. It follows that the initial belief underreaction makes this
type of policy almost half as effective as would be predicted by models with full-information
and rational expectations. However, due to the pattern of delayed overreaction, the impact
of the policy on aggregates is hump-shaped in our model (instead, with FIRE, the peak
effectiveness happens immediately). In our model, the peak effectiveness of the policy leads
to a reduction of 0.5 percentage points in unemployment and an increase in consumption of
almost 1 percentage point.

Finally, we use our model to assess the relative efficacy of different forms of policy com-
munication. In particular, as in Bianchi-Vimercati, Eichenbaum, and Guerreiro (2021), we
evaluate the stabilization power of announcing the Ul duration directly to people rather
than implementing as a contingent rule. We conclude that announcing the policy directly
can be very stimulative in the very short run, but may lack efficacy later in the recession as

expectations turn overly pessimistic.

Relationship to the literature. Our paper contributes to an extensive literature ana-
lyzing the consequences of macroeconomic shocks and policies without the FIRE assumption
and exploiting survey data to calibrate the expectational components of macro models, see
Angeletos and Lian (2023) and Milani (2023) for recent reviews. We share the interest
in analyzing these questions in the context of Heterogeneous-agent New Keynesian models
(HANK) with the recent contributions by Farhi and Werning (2019), Farhi, Petri, and Wern-
ing (2020), Auclert, Rognlie, and Straub (2020), Pappa, Ravn, and Sterk (2023), Dobrew,
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Gerke, Giesen, and Rottger (2023), and Guerreiro (2022). These papers consider parametric
models of bounded rationality and study the impact of these particular deviations. We devi-
ate from their contributions in two ways. First, we study the effects of UI extensions on the
economy. Second, we discuss a method that allows us to quantify the impact of deviations
from FIRE in a fully non-parametric way, directly exploiting the data coming from surveys
of expectations. This allows us to sidestep the discussion of choosing a particular model of
deviation from FIRE.

Our model includes incomplete markets, nominal rigidities, and suboptimal monetary
policy, which has been found important in addressing these questions. Nominal rigidities
and frictions to monetary policy adjustment can reverse the contractionary effects of Ul
extensions in Krusell, Mukoyama, and Sahin (2010), Nakajima (2012), and Mitman and
Rabinovich (2015, 2019), see Christiano, Eichenbaum, and Trabandt (2016). Furthermore,
Kekre (2021) emphasizes how these mechanisms can be complemented by the stimulus effect
arising from the direct redistribution across workers with different marginal propensities to
consume and the impact of reducing precautionary savings motives. However, this literature
has evaluated these policies working exclusively with full information and rational expecta-
tions. Our paper contributes a new perspective on the quantitative relevance of the different
mechanisms when beliefs accord to the survey evidence.

In a closely related paper, Fernandes and Rigato (2022) study Ul in a model where house-
holds have present-biased preferences. Present bias reduces the responsiveness of precau-
tionary saving to Ul extensions. However, they maintain the assumption of full-information
rational expectations, making their contribution complementary to ours.

There is a large empirical literature on the effects of Ul extensions on unemployment,
particularly focusing on the Great Recession. This literature includes Chodorow-Reich,
Coglianese, and Karabarbounis (2019), Boone, Dube, Goodman, and Kaplan (2021), Di-

eterle, Bartalotti, and Brummet (2020), Hagedorn, Karahan, Manovskii, and Mitman (2013),
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and Hagedorn, Manovskii, and Mitman (2015), obtaining conflicting results.

Outline. The structure of the paper is as follows. Section 2, analytical model. Section 3,
general framework with propositions. Section 4, quantitative model and results. Section 5

concludes.

2.2 Illustrative model

We start with an analytical demonstration that imperfect expectations interfere with the
power of unemployment insurance (UI) extensions to stabilize business cycles. We consider
a simple two-period environment. We engineer a recession in period 1, which triggers precau-
tionary responses in period 0. Then, we analyze how equilibrium output at time 0 depends
on households’ expectations and the implementation of UI. Appendix B.1 contains detailed

derivations and proofs.

2.2.1 Setup

Consider a two-period model, ¢ = 0,1. The economy is populated by a measure one of
households, a representative firm, and a government. The sequence of events within the two
periods is the same. First, the representative firm randomly hires a fraction of households.

Second, production takes place and households make a consumption-saving decision.

Firm. A competitive firm produces a final good Y; from labor NV, according to the produc-

tion function

The only cost of production is the real wage bill w; /Ny paid to workers. In equilibrium, w; = 1

and the firm hires just enough workers to meet aggregate demand while making zero profit.
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Households. In period ¢, a fraction N; € [0, 1] of households is employed. The remaining
1 — N, households are unemployed. The probability that an individual household is employed
is the same for all workers and equal to the employment rate N;. Employed workers earn
real wage w; = 1. Unemployed workers receive real benefits b, € (0,1), financed by a
lump-sum tax 7; levied on all households. Once their employment status for the current
period (e; € {0,1}) is determined, households choose consumption ¢; and savings a; in a

non-contingent bond with real return r to maximize their anticipated life-time utility

u(co) + Bu(cr) (2.3)

subject to period budget constraints

c +ap = (1 —+ T)at,1 “+ e;wy + (1 — et)bt — Tt (24)

and borrowing constraints a; > 0 for ¢ = 0,1. Let the felicity function u(-) be smooth,
increasing, concave, and have a positive third derivative, i.e. households are prudent in the
sense of Kimball (1990).

At time 0, households may not have perfect foresight of the endogenous variables Ny, by, 7,
and hence even of their own consumption cf. Let Ny, bf, 77, and ¢§ denote the beliefs for each
variable. We assume that all households have the same beliefs and do not consider uncer-
tainty regarding the beliefs. We focus on the first-order response of this economy around a
non-stochastic equilibrium. Adding uncertainty would not change our results.

Prudence and market incompleteness implies that households have precautionary saving

motive in period 0 against unemployment risk in period 1. We can see this from the Euler
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equation

u'(co) > B(1+7) Nf.u’(1—7f+(1+7")a9)+(1—Nf)-u’(£)§—Tf+(1+r)a9) (2.5)

TV TV
cf if employed c{ if unemployed

As is standard in models at the zero liquidity limit (e.g., Werning 2015), we assume that
at least one Euler equation holds with equality. As we show in appendix B.1.1, this will
be the employed workers’ Euler equation, because they have a stronger incentive to save in
period 0. Then, (2.5) implies that the consumption of employed workers in period 0, co(E),

is increasing in the expectations for employment in period 1, Ny.

Policy. The government runs a balanced budget

7 = (1— N,)b, (2.6)

We specify the different implementations of unemployment benefits b; below in the context
of the business cycle stabilization experiment.

We impose a cash-in-advance constraint

PtCt == Mt (27)

where P, is the price level, C} is aggregate consumption, and M; is money supply. We
assume that prices are fully rigid and normalize the price level to one, P, = 1. The monetary
authority sets the money supply, M;, and the real rate between periods 0 and 1, r. Let M,
adjust to support the equilibrium given exogenous monetary policy (r, M).

In this simple model, we consider an exogenous shock to time-1 money supply. The

combination of sticky prices and the cash-in-advance constraint (2.7) implies that these
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shocks also affect aggregate quantities. As a result, these assumptions allow us to consider

demand shocks in this simple two-period model.

Equilibrium. Given initial assets a_1, exogenous variables {b;, r, M1}, and beliefs { Nf, b$, 71},
a temporary equilibrium is a collection of prices {w;} and allocations {cZ, ¢V, Ny, 7, My} such
that the representative firms optimizes, households optimize, government budget is balanced,

the cash in advance constraint is satisfied, goods market clears

Y, = C; = NP + (1 - N,V (2.8)

and asset market clears

0=A4, = Nia? + (1 — Ny)aV (2.9)

The formal derivation of the model solution is relegated to appendix B.1.1. In the zero
liquidity limit, the model is purely forward-looking. So the time-1 equilibrium is independent
of time-0 outcomes, including the expectations that households hold in period 0. However,
since employed workers are on the Euler equation, their expectations are relevant for equilib-
rium in period 0. As such, the model isolates the effect of imperfect anticipation of benefits

in general equilibrium (GE).

2.2.2 Beliefs

For the purposes of this section, we impose a simple model of beliefs, based on the idea of
belief distortion about future deviations from steady state. Formally, we assume that, for a

given variable z1, households’ beliefs are given by

dz{ = Az, (2.10)
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where \ is a cognitive bias. Note that A = 1 corresponds to full-information and rational
expectations (FIRE). If A < 1, then beliefs underreact relative to FIRE. If A > 1, then beliefs
overreact relative to FIRE. As we discuss next, whether beliefs underreact or overreact with
respect to the FIRE benchmark is essential in addressing our questions.

Do beliefs underreact or overreact to innovations in fundamentals? This question has
been the focus of an extensive empirical literature looking at survey evidence, but a con-
sensus has not been reached. For instance, Coibion and Gorodnichenko (2012, 2015) find
evidence of belief underreaction. This finding is consistent with models of rational inatten-
tion or information rigidities, as in Sims (2003), Woodford (2001), Carroll (2003), Mankiw
and Reis (2002), or Gabaix (2020). Instead, Bordalo, Gennaioli, Ma, and Shleifer (2020) find
evidence of belief overreaction, which is consistent with models of diagnostic expectations
and overextrapolation as in Bordalo, Gennaioli, and Shleifer (2018). More recently, Angele-
tos, Huo, and Sastry (2021) find evidence of initial underreaction and a pattern of delayed
overreaction. Given the central importance of expectations in our analysis, in Section 2.3, we
present a framework that can accommodate arbitrary deviations from FIRE and, in Section
2.4, we use this framework to directly match the empirical behavior of beliefs in surveys of

expectations.

2.2.3 Macroeconomic stabilization

We demonstrate that deviations from FIRE affect the power of unemployment benefit ex-
tensions to stabilize aggregate demand. To this end, we induce a recession at time t = 1
and characterize the first-order change in equilibrium at time ¢ = 0 from anticipating the
recession.

The recession originates in a decrease in money supply, dM; < 0, that translates one-

to-one into lower employment, dN; = dM;. In response, employed households will try to
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save more in period 0 according to the Euler equation (2.5). Since they cannot save in
equilibrium, their time-0 consumption has to fall to dissuade them from saving. Thus a
recession arises endogenously in period 0. The recession’s severity depends on the strength of
households’ precautionary saving motive which depends on expected unemployment benefits.
We consider two implementations of countercyclical Ul benefits b;. In both cases, the other

policy instruments {r, by} remain constant.

1. Instrument rule. The government announces that unemployment benefits are in-

dexed to the unemployment rate according to a rule

db™™e = —¢, - dN; (2.11)

with semi-elasticity (, > 0. We assume that households understand the policy an-
nouncement and has first-order knowledge of the rule that determines unemployment

benefits. It follows that their expectations of unemployment benefits are given by:

dbe = —CpdN¢ (2.12)

2. Instrument announcement. We also consider a counterfactual scenario in which the
government announces the change in unemployment benefits, dbj, directly. We assume
that households understand the policy announcement and update their expectations
accordingly

dbs = db (2.13)

To make the two policies comparable, we assume that they implement the same transfers,
i.e. dbj = dbi"°. This implies that the time-1 equilibrium {dNy,dr;,dci(E),de;(U)} is the

same under both policies. By extension, beliefs dNy = AdN; and d7{ = A7y are also the same
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under the two policies. However, under a rule, the inability to predict the unemployment
rate also translates to an inability of predicting the policy stance, and so db"™¢ = \dbS™*.
Proposition 6, the main result of this section, shows the implications for the endogenous

recession in period 0.

Proposition 6. Consider a shock dM;y to the money supply in period 1. Let’s assume that
the government responds by announcing an unemployment benefit extension dby in one of two
ways: either according to the rule (2.11) or a direct announcement. The first-order impact

of the shock on time-0 output under these two regimes are
dYy"e —dYy = M- My -G - (1 — \)dU; (2.14)

where the first term is a standard Keynesian multiplier

M=t bl (2.15)

_ 9C
1 Yo

the second term is the marginal propensity to consume out of anticipated unemployment

benefits

_Oc(E) B +r)(1 = NY)-u"(bf —77)
My =50 = W1 — 1) (2.16)

and the third term (1 — \) is a cognitive bias.

Equation (2.14) shows that implementing the same UI extension, db;, as a rule or a direct
announcement can affect the severity of the recession in period 0. Under FIRE (A = 1),
households forecast the unemployment rate perfectly and infer the correct level of benefits,
leading to dYU® — dYy = 0. So, deviating from FIRE is a necessary condition for the
implementation of Ul extension to make a difference.

If X # 1, households erroneously forecast the increase in the unemployment rate at time

1. Under the rules-based policy, this also means that they make mistakes in forecasting
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the increase in generosity of unemployment benefits. In other words, their misperception
of tomorrow’s unemployment rate also translates into a misperception of the future policy
stance. Their forecast error is given by their cognitive bias 1 — A multiplied by the change
in benefits (,dM;. Instead, under the instrument-announcement policy, the household un-
derstands the policy announcement and so their expectations of unemployment benefits will
always be correct.

If household beliefs underreact relative to FIRE, A\ < 1, forecast mistakes make the
rules-based policy less effective than the instrument-announcement policy. The efficiency
loss is characterized by two sufficient statistics. First, the MPC out of anticipated benefits,
M,. This captures the partial equilibrium effect of underestimating Ul benefits on aggregate
demand. Second, the multiplier, M, which captures the general equilibrium feedback from
a contemporaneous change in aggregate demand. Instead, if household beliefs overreact
relative to FIRE, A > 1, forecast mistakes make the rules-based policy more effective than

the instrument-announcement policy.

2.3 A framework for dynamic models with imperfect
expectations

Next we lay out a framework of dynamic decision making with imperfect expectations. Our
framework has two components. First, a model of how actions evolve given any expectations.
Second, a model of how expectations are formed from observations. In appendix B.2, we map

many popular models of bounded rationality and information frictions into our framework.
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2.3.1 Dynamic decisions with general deviations from FIRE

Consider a forward-looking agent who chooses an output Y; over periods t =0,1...,7 — 1.
Let the vector Y € RT denote the path of the output. For ease of exposition, let every
object (parameters, initial-, and terminal conditions) that matters for the decision be fixed
and known to the agent except the path of a single univariate input X € R”. The extension
to multiple time-varying inputs is straightforward.

Auclert, Bardéezy, Rognlie, and Straub (2021) cast such dynamic decision problems as

a mapping between sequences

Y = f(X) (2.17)

Their sequence-space Jacobian (SSJ) method computes the Jacobian J € RT*7 then com-
putes impulse responses to any shock dX via matrix multiplication, dY = JdX.* The
representation (2.17) is valid under two assumptions. First, certainty equivalence with re-
spect to X. When the agent chooses Y;, she considers only her time-t expectations X' € R”,
not the entire distribution of X. Second, perfect foresight (FIRE) with respect to X. The
agent’s expectations are correct, X' = X.

We are interested in a generalization of this setup which relaxes the assumption of FIRE.
We retain certainty equivalence, so only the mean expectation matters. However, expecta-
tions may not be correct and may evolve over time. In period 0, the agent expects a path X*?;

!/

in period 1, she expects a path X®': and so on. Each vector X®™ = X5TOXPT oL XoT
captures the beliefs that the agent holds at time 7 about the variable X at every other date.
We assume that the agent observes current and past realizations (or, alternatively, all current

realizations and the sufficient state variables for their individual decision making), and also

assume that the agent does not foresee their future forecast errors (i.e., they are naive). So

4T}}e Jacobian is computed at a baseline path X, typically a constant path corresponding to the steady
state Y = f(X). So the shock dX = X — X and the impulse response dY =Y —Y are both deviations from
the baseline path.
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X" = X, for all t < 7. This ensures that the agent does not violate any constraints. In
sum, relaxing FIRE implies that we have to keep track of the entire history of expectations,
X! for all t. Formally,

Y = g (X, {X}) (2.18)

Conceptually it is clear that if we could compute all the Jacobians of g(e), we could
compute linearized impulse responses. But the domain of g(e) is R”*7*T a much larger space
than the domain of f(e) which is just RT. Is this approach viable in practice? Propositions
7 and 8 show that it is. The key idea is to manipulate the FIRE Jacobian J to capture the
responses to forecast errors. This insight appears in Auclert, Rognlie, and Straub (2020),
who implemented specific deviations from FIRE via Jacobian manipulation.® Propositions 7
and 8 do the same for general deviations from FIRE, using the familiar concepts of forecast
errors and forecast revisions.

Proposition 7 handles the special case of non-rational but time-invariant expectations
dX*® # dX. An example of this is level-k thinking. The total response dY is the sum of
two effects. First, the response to the expected part of the shock. Second, the responses
to the forecast errors that the agent observes along the way. The key new object is the
forecast-error Jacobian, &£, that captures the second effect. Column s of £ can interpreted
as the impulse response to the forecast error in dX, which the agent learns in period s.
Constructing &£ is straightforward. It is a lower diagonal matrix whose columns are shifted
versions of the first column of 7. The intuition is that observing a forecast error in period ¢
is equivalent to observing an unexpected shock in period 0. The formal proof is in appendix

B.2.1.

Proposition 7. Assuming constant beliefs X&', = X% for all t,h > 0, the linearized

t+h t+h

5 Appendix D.3 of Auclert, Rognlie, and Straub (2020) provides recipes to implement sticky expectations,
cognitive discounting, and dispersed information.
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impulse response dY to an arbitrary shock dX is given by

— e,0 o e,0
dY—j;iX t+8(dX dX°) (2.19)

forecast error

where the forecast-error Jacobian &£ is given by

Joo 0 ... 0

T Ji .0
g=|"" | (2.20)

Jio Ti1o - Joo

Proposition 8 handles the general case of time-variant expectations. The new element is
that observing the forecast error dX; — dX; 1 may cause the agent to update her expec-
tations for all future periods. Capturing this effect is most straightforward if we work with
forecast revisions d X" — dX*"! instead of forecast errors dX — dX". The Jacobians
that act on forecast revision vectors are simply shifted versions of the FIRE Jacobian 7.
The intuition is that a forecast revision for periods t,...,T — 1 is equivalent to observing an

unanticipated shock for periods 0,...,T —t. The formal proof is in appendix B.2.2.

Proposition 8. Assuming time-variant beliefs X', the linearized impulse response dY to

an arbitrary shock dX is given by

e,0 e,h e,h—1
Y = J dX°° + ;Rh\(dX —dX*") (2.21)
initial forecast > e

forecast revision

where the forecast-revision Jacobian R, for any h > 1 is given by

0 0
0, J

Ry =
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Application to heterogeneous-agent models. Propositions 7 and 8 apply to heterogeneous-
agent models in which V; = [y,dD, is an aggregate of individual decisions y; for some
non-trivial, time-varying distribution D;. However, we need to impose restrictions on belief
heterogeneity. In the exposition above, we assume that everyone has the same beliefs. More
generally, this framework can be directly used even if expectations are heterogeneous as long

as they are uncorrelated with other idiosyncratic characteristics in the cross-section. For this
purpose, we redefine X! as the cross-sectional average expectation.

It is also possible to use this framework to allow for meaningful belief disagreement as
long as beliefs are with permanent individual characteristics. In this case, one has to set up
a heterogeneous-agent block for each permanent type, and apply the propositions type by
type. Guerreiro (2022) follows this approach in his study of disagreements over the business

cycle.

2.3.2 A flexible model of expectations

Propositions 7 and 8 enable us to compute linearized impulse responses to any shock dX
given the path of expectations {dX“'}; conditional on the same shock.® In some cases, the
response of expectations may be estimated directly. We’ll do so in section 2.4.6 with respect
to unemployment. Another route is to impose a model of expectation formation. In this
subsection, we present a tractable yet flexible specification that nests many popular mod-
els including: (1) sticky expectations (Mankiw and Reis, 2002; Carroll, Crawley, Slacalek,
Tokuoka, and White, 2018), (2) noisy-information and rational expectations (Angeletos and
Huo, 2021), (3) cognitive discounting (Gabaix, 2020), (4), sparsity (Gabaix, 2014, 2016;
Guerreiro, 2022), (5) shallow reasoning (Angeletos and Sastry, 2021), (6) finite planning
horizons (Woodford, 2018), (7) adaptive expectations (Cagan, 1956; Friedman, 1957), (8)

6Recall that deviations dX and {dX“'}; are all relative to the paths around which one wishes to compute
the Jacobian.
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diagnostic expectations (Bordalo, Gennaioli, and Shleifer, 2018; Bianchi, Tlut, and Saijo,
2021), (9) noisy-information diagnostic expectations (Bordalo, Gennaioli, Ma, and Shleifer,
2020), among others. Appendix B.2.3 discusses how to map each of these models into our
framework.

Propositions 7 and 8 deal with linear mappings in sequence space. So it’s natural for
us to model expectations in the same way. The most general linear sequence-space model
of expectations we can write down—given a single time-variant input dX—is a sequence
of matrices Ay € R™*T that map realized outcomes dX € R” into time-t expectations
dX" ¢ RT according to

dX“" = AdX (2.22)

We maintain the assumption that expectations of current and past realizations of dX are

correct. This implies that the upper-left block of A; is the identity matrix

It><t

A= | (2.23)

Equation (2.22) looks simple but it can capture rich theories of expectation formation. It
can account for an understanding of the data generating process as well as for updating of
priors in light of new observations. In our expository environment, dX is the only input the
agent has to form expectations about. So it’s not restrictive to assume that dX*' depends
only on the realized path of dX itself. In richer environments with multiple inputs, one
may introduce additional linear terms, allowing the agent to think about cross-equation
restrictions directly. For example, expectations of unemployment benefits and income taxes
may be related via an understanding of the government budget constraint.

Corollaries 1 and 2 substitute (2.22) into propositions 7 and 8. The bracketed terms

can be interpreted as the Jacobians of the non-FIRE decision problem represented by the
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function g (X, {X“'};). These non-FIRE Jacobians account for the direct effect of dX on dY
as well its indirect effect through {X“'},. Crucially, they're still T x T matrices just like the
FIRE Jacobians of f(X). So, the rest of the SSJ machinery of Auclert, Barddczy, Rognlie,
and Straub (2021) applies without further modifications. In sum, we’re now equipped to
solve dynamic general equilibrium models with (or without) rich heterogeneity under general

deviations from FIRE.

Corollary 1. Consider the setup of proposition 7 with FIRE Jacobian J, and forecast-error
Jacobian E. Let the constant expectations be dX® = AdX, according to (2.22). The linearized

impulse response dY to an arbitrary shock dX is

dY = [ (T —E)A+EldX (2.24)

Corollary 2. Consider the setup of proposition 8 with FIRE Jacobian [J, and forecast-
revision Jacobians RT. Let expectations be dX*' = Nyd X, according to (2.22). The linearized

impulse response dY to an arbitrary shock dX is

dY =

Tho+ > Re (A — ATl)] dX (2.25)
T>1

Given a model for beliefs, the matrices given in equations (2.24) or (2.25) fully summarize

the response of the heterogeneous agent block to the path dX, taking into account forecast

errors and revisions. These matrices are easy and fast to compute after obtaining the FIRE

Jacobians J.
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2.4 HANK model with imperfect expectations

Next we present a full-fledged dynamic general equilibrium model that’s suitable for a quan-
titative evaluation of unemployment benefit extensions with imperfect expectations. Propo-

sition 6 highlights several features that we view as crucial for this exercise:

dyzUe — dyy = — M- M, - G =N, (2.26)
multiplier - aggregate demand response to Ul forecast error of UT extension

First, we would like anticipated unemployment spells and unemployment benefits to have
a reasonable impact on consumption. This requires that households have precautionary
saving motive with respect to unemployment. As in our illustrative model, we assume
that households are prudent and markets are incomplete. Quantitatively, it matters that
households are heterogeneous in the degree of self-insurance against unemployment risk.
Some households have ample savings to ride out a typical unemployment spell, while others
are dependent on unemployment benefits. Second, we need a model with a reasonable
feedback from aggregate demand to equilibrium output and employment. That is, it matters
how aggregate demand translates into a distribution of income (from labor, capital, and
transfers) over time, the expectations of these incomes, and the responses of consumption
and investment.

In light of these considerations, we propose a New Keynesian model with heterogeneous
households, search and matching unemployment, sticky prices and wages, investment ad-
justment costs, and smooth fiscal policy (gradual tax adjustments, long-term bonds). We
build on models of automatic stabilizers (McKay and Reis, 2016; Kekre, 2021), and esti-
mated medium-scale New Keynesian models (Christiano, Eichenbaum, and Trabandt, 2016;
Auclert, Rognlie, and Straub, 2020; Barddéczy, Sim, and Tischbirek, 2022). Appendix B.3

contains detailed derivations of the equilibrium conditions.
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2.4.1 Households

The household block is a standard incomplete markets model. There is a unit mass of ex-
ante identical households. In any given period, households are heterogeneous with respect
to employment status e; € {F,U, N}, productivity z;; € G., and liquid assets a; 1 > a. The

model frequency is quarterly and timing is as follows.

1. Productivity shock. Households draw a new productivity z; from a finite set G,.

Productivity follows a discrete Markov process with fixed transition matrix II,.

2. Labor market transitions. First, employed workers lose their job with probability
s¢. Second, unemployed workers (including those who separated in this quarter) find
jobs with the endogenous probability f;. Third, newly unemployed workers qualify
for unemployment benefits with probability m9¢, while other households on UI lose
eligibility with probability 7/°*¢. The probability of losing UT eligibility maps directly to

lose
t

the expected duration of benefits 1/7,°*¢ and is the key policy variable. The combined

transition matrix for labor market status e; is

E, U, N,
B[ 1=s(1—f)  7s(1— f) (1 —79)s,(1 = fi)
U1 fi (1 —m>) (1~ fi) m (1= fo) (2.27)
Nia fi 0 1—f,

3. Consumption-saving decision. Households choose consumption ¢;; and liquid assets
a;; to maximize their expected lifetime utility subject to a budget constraint and a

borrowing constraint.
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The Bellman equation at the consumption-saving stage is

Vi(eit, zit, Git—1) = gnaaX u(cit) + BrEi[Vig1(€itg1, Zitr1, Git)]
ity At

st.oce+aw =1+ )ap—1 + (1 — 1) |ye(ew, zi) + thI<ait71)] + T (2.28)

y(eir, i) = wpzih{en = E} + bzg{ey = U}

iy > a

Households in state E are employed and earn labor income w,;z;. Households in state U
are unemployed and receive UI benefits b;z;;. Households in state N are unemployed and
have exhausted their Ul benefits. The lump-sum transfer T; ensures that every household
can maintain positive consumption. Liquid assets are held as short-term deposits that earn
riskless return r¢ ;. Households also receive transfers df'? (a;_,) from a financial intermediary.
These are indexed to liquid wealth, but are lump-sum in the sense that households don’t

internalize that accumulating more wealth will increase this transfer.”

2.4.2 Financial intermediary

All assets in the economy are held by a representative financial intermediary. The assets
are three: shares in firm equity v;, long-term nominal government bonds B;, and short-term
nominal reserves M;. The liabilities of the financial intermediary are net worth Nf! and

short-term deposits A; from households. Thus the balance sheet, in date-t real terms, is

BN M,
DtV + %F?t + Ft = NtFI + Ay (2.29)
t t

"This is a simple way to introduce illiquid assets that has three important benefits. First, the model is as
easy to solve as any l-asset model. Second, similarly to full-fledged two-asset models, it can reconcile high
average MPC with a realistic amount of assets (including capital). Third, together with the setup of the
financial intermediary, the model can match moderate MPC out of asset price fluctuations, which is a chal-
lenge for standard two-asset models even with large portfolio adjustment costs and imperfect expectations.
See Bardécezy, Sim, and Tischbirek (2022).
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where P; is the price level, p; is the equity price, ¢Z is price of long nominal bonds, and the
price of reserves is 1. Going forward, let m, = P,/P,_; — 1 denote the inflation rate.

The nominal return on these assets are the following. One share of equity purchased in
period ¢t — 1 yields dividend stream { P,y sd; s} for all s > 0. One government bond purchased
in period ¢ — 1 pays a coupon 03 in period ¢+ s for all s > 0. One unit of reserves purchased
in period t — 1 pays (1+1;_1) in period t. Finally, the intermediary pays out d'! as dividend

to households in period ¢. This implies that net worth is

1+0pqP Bioy 1441 My

NT= (di+p)vi + + — (1 +r DA —dfT (230
t (di + pe)vi—a l+m P, 1+ P, E t 1)vt 1 t ( )
gross return on equity ~~ d pay to households

gross return on nominal assets

Payouts to households follow an ad hoc rule

! NEL

By choosing a low ¢y, we can smooth out the financial income of households relative to

fluctuations in the underlying asset prices. This prevents counterfactually large consumption
responses out of asset price fluctuations.

The financial intermediary chooses vy, BY, A;, and M; to maximize its expected return
on net worth, B[N/ /N/T], subject to the constraints (2.30) and (2.31). This yields the no

arbitrage conditions

d 1+ dpqf] 1+
1+7¢ =R, {M} —E, {B—Bqtﬂl —E, {i} =147 (2.32)
pe ¢ (14 met1) L+

where we defined r; as the economy-wide ex-ante real interest rate.
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2.4.3 Firms

Our specification of firms is standard. We consider three sectors: retailers (nominal rigidi-
ties), capital producer (investment adjustment cost), and labor agency (search and matching
frictions). These sectors are connected by competitive markets, so one could model them as

one type of firm that makes the same decisions subject to the same constraints.

Retailers. There is unit mass of retailers indexed by 7 who engage in monopolistic com-
petition. They produce differentiated goods using a Cobb-Douglas production function with
the same productivity y;; = @tkﬁnjl-; “. Firms hire capital k;; and labor n;; on spot markets
at prices ¥ and h; and pay a fixed cost Z. They also set the price of their product, pjq,
subject to a demand curve with constant elasticity € and a quadratic price adjustment cost
a la Rotemberg (1982). We allow for price indexation, so the adjustment cost is paid on
price changes relative to a fraction ¢, of last period’s price change. The firms’ objective is

to maximize the present value of their future profits. The Bellman equation is

R
Pj - JE L (Djts -1
JE(pji—1,pji—2) = max {iyﬁ—hmﬁ—rfk:jt_\pgt_:JrEt[ i1 (Pjt: P )] }

kjt,njt,Yjt,Pjt Pt 14+

_ a l—«
s.t. Yjt = @tkjtnjt

Djt -
Yjt = (P%t) Y:

(0 [ ( Pt ) (p‘t—l)r
P = 22 ]o J — 1, 1o J Y,
it = 5 |98 Pt p 108 Pit2 t

In a symmetric equilibrium, all firms choose the same level of output, capital, and labor. So,

they have the same marginal cost:

. 1 TtK “ ht 1o
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and set the same prices according to the Phillips curve

e—1 1 Y,
T — LpTe—1 = % (mct - ) + T E, [ ;1 (g1 — Lpﬂ't):| (2.34)
t t

Capital producer. A representative firm owns the capital stock and rents it to retailers

at rate r. It’s Bellman equation is

JE (K, T
T (Koo, L) = max {erH — I+ E {%;tt)} }

(2.35)

1,
s.t. Kt = (1 — 5)Kt71 + [t |:1 - S (I—t)l It
t—1

where § € (0,1) is the depreciation rate, I; is investment, p, is the marginal efficiency of
investment as in Justiniano, Primiceri, and Tambalotti (2010), and S(e) is a convex function
that satisfies S(1) = 5'(1) = 0.

Defining Tobin’s () as the marginal value of capital at the end of period ¢, investment

dynamics is characterized by

_ i+ B [Quer (1—0)]

2.
o T1rm (2.36)
I I apr i1 Qg1 <]t+1>2 /(It+1)
1=Quu [1-8 (=) - (=) s (=) | +E o (L
an|t-5(7) - () s ()] e e () = (5
(2.37)

Labor agency. A representative firm hires workers on a frictional labor market and rents
homogeneous labor services to retailers at rate h;. The agency posts vacancies v;, each of
which is filled with probability ¢;. Following Christiano, Eichenbaum, and Trabandt (2016),

we assume a two-tiered cost of hiring. The firm pays k, to create a vacancy and then
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for each vacancy it fills.®* Incumbent workers separate with probability s;. The Bellman

equation is

JL(Nt—l) = max < (hy — wy) Ny — (Ko + Enq)ve + By JtLJrl(Nt)
t Ne,oe ]_ + Tt

(2.38)
s.t. Nt = (1 — St>Nt,1 + qvy

Optimization yields a standard job creation curve, equating the cost and benefit of hiring

the marginal worker

Koy 1—s K
— + K = ht —w; + Et |: s ( + /ih>:| (239)
G L+7r \ @

2.4.4 Government policy

The fiscal authority issues long-term nominal bonds, collects income taxes, and provides un-
employment benefits. Let U; denote the mass of workers eligible for unemployment benefits.

The government budget constraint is

(1+05q”) Bi FI 5Bt
= N, +d 2.40
[ T (w Ny + d; ") + ¢ ( )

Gi+ T+ (1 — )b Up + tp
t

Spending G; and lump-sum transfers T; are exogenous. The income tax rate 7; is chosen
according to a rule that can prevent large swings in the tax rate, while ensuring that real

government debt is stationary

Pt—l Pss

(2.41)

Bi1 B
Tt_Tss:¢qu< - )

8The role of kj, is similar to wage stickiness in models without search and matching. It dampens the
procyclicality of marginal costs and hence profits. This is especially important in HANK models where
strongly countercyclical profits can have large—and unrealistic—redistributive effects (Broer, Harbo Hansen,
Krusell, and Oberg, 2020).
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lose

In the announcement-based policy, Ul duration 1/m;°%¢ is exogenous. In the rule-based policy,

it is indexed to the end-of-period unemployment rate

1 1

= _Cb(Nt - Nss) (242)

lose lose
7Tt 71-ss

The monetary authority sets the short-term nominal interest rate according to

it = pmit—1 + (1 — pm) (iss + drme) + € (2.43)

where €]" is a monetary policy shock.

2.4.5 Equilibrium

Wage setting. A risk-neutral labor union bargains with the labor agency on behalf of

employed workers. The surplus of the union is

1—s 1—f
Ht = Wt — bt + Et |:( t—il_)i_(rt t+1)Ht+1:| (244)
and the surplus of the labor agency is
1—
Jt = ht — Wt — ‘Ifw(wt,wt,l) + Et |i 1 St Jt+1:| (245)
+ Tt

where U, (e) is a convex function that captures real wage rigidities

@%%mg:ﬁ<w-4y (2.46)

The real wage w, is then set to maximize H;.J .
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Matching. New matches are formed on the labor market according to a Cobb-Douglas

matching function

M(JSy,v;) = Ap(JSy) v~ (2.47)

where the mass of job seekers equals the mass of unemployed workers from last period plus

the mass of newly separated workers

JSt =1- Nt—l + StNt—l (248)

Let 0; = vy/JS; denote labor market tightness. Job finding and vacancy filling probabilities

are
ft = Ametl_z and qt = g (249)
t
Market clearing. Factor market clearing requires
Kt—l - /k’ﬁdj (251)

The notation reflects that capital is predetermined from the perspective of capital producers

but not from the perspective of retailers. Aggregate dividends are given by

dt = di{ + dg( —+ dtL = }/;5 — U)tNt — [t — ‘P? — (de + /tht)'l}t —= (252)

Firm equity is then priced according to (2.32). Asset market clearing corresponds to the
balance sheet of the financial intermediary (2.29), imposing that the intermediary holds
all shares v; = 1, and nominal reserves are zero M; = 0. Nominal reserves are in zero

net supply, the purpose of including them is to deliver a Fisher equation in (2.32). Goods
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market clearing requires that the final good is used for household consumption, investment
(including adjustment costs), government spending, price adjustment costs, hiring costs, and
the fixed cost.

Y, =Ci+ I, + Gy + VY + (ky + knq)vy + 2 (2.53)

Definition. Given initial conditions for the distribution of households D_;, net worth N*7,
government debt B_1, price level { P_y, P_5}, investment I_;, capital K_1, real wage w_1, and
sequences of exogenous variables {3;, Oy, pu, s, Gt, T}, €]}, competitive equilibrium is a se-
quence of prices { P, wy, hy, 1, 7, ¢, pr, 0, 4y, 71}, aggregates {Yy, Ny, Ky, I, Qu, ve, @i, fr, 01, By,
7, mose df by, dy, NFY mey, Uy, Hy, J;}, policy functions {ay, ¢;}, and distributions { D;} such
that households optimize, financial intermediary optimizes, firms optimize, monetary and fis-
cal authorities follow their rules, markets clear, job-finding and vacancy-filling probabilities
are consistent with the matching function, and the employment and Ul eligibility rates are

consistent with the distribution’s law of motion.

2.4.6 Estimation

We estimate the model in two steps, similarly to Christiano, Eichenbaum, and Evans (2005)
and Auclert, Rognlie, and Straub (2020). In the first step, we pin down all the parameters
that affect the steady state. We fix some parameters to conventional values from the liter-
ature, and calibrate others internally to hit steady-state moments. In the second step, we

estimate the remaining parameters by impulse response matching.

Calibration of steady state. Households have CRRA utility over consumption u(c) =
=7 /(1 — o) with an EIS of o = 0.5. We set the borrowing limit to @ = 0. We assume that
the annual economy-wide real interest rate is r = 2%. The discount factor S is calibrated

internally to deliver 20% average quarterly MPC out of a one-time lump-sum transfer. Our
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Markov process for labor productivity (G,,I1,) is the discrete-time equivalent of the process
estimated by Kaplan, Moll, and Violante (2018). To account for progressive taxation, we
scale down the cross-sectional variance of log productivity by (1 —0.181)%, where 0.181 is the
degree of progressivity in the log-linear retention function of Heathcote, Storesletten, and
Violante (2017). Mean productivity is normalized to 1.

For labor market transitions, we set the job-finding rate to f = 0.6 and calibrate the
separation rate to deliver an unemployment rate of 4.5%. We assume that UI benefits
replace 50% of the steady-state wage, and all unemployed workers qualify for benefits initially,
79¢ = 1. In steady state, unemployment benefits last on average for 2 quarters, 7'°*¢ = 0.5.
We set the lump-sum transfer to 7" = 0.01, enough to ensure that borrowing-constrained
households who have exhausted their UI benefits can consume a positive amount. We set
the vacancy filling rate to ¢ = 0.7 quarterly, and assume that x; accounts for 94% of total
search cost, leaving 6% for vacancy posting cost per hire k,/q. We calibrate the bargaining
power of the union 7 such that total search cost is 7% of the quarterly wage of an average
worker.

We calibrate total factor productivity, ©, to normalize output to Y = 1. We set govern-
ment debt, B/P, to 46% of annual output, and choose the coupon, dg, to match the average
duration of U.S. government debt of 5 years. Having realistic duration prevents counterfac-
tually large exposure of government budget to fluctuations in short-term interest rates. This
matters in non-Ricardian models. We set government spending, G, to 16% of output, which
leads to a marginal tax rate of 7 = 0.27. We set depreciation rate to dx = 0.083/4 quarterly
and calibrate the capital share a to match a quarterly capital to output ratio of 8.92. This
implies that the steady-state labor share is 62%. The fix cost Z is calibrated to make total
wealth p + ¢, B/ P equal to 382% of annual output.

One of the most important transition-specific parameters is (,, the semi-elasticity of aver-

age unemployment duration with respect to the unemployment rate. We pin this down from
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a linear approximation of the Emergency Unemployment Compensation (EUC08) program.
Our goal is to work with a policy rule that is in the right ballpark, not to provide a serious
quantitative evaluation of EUCO0S8 per se.’

The unemployment rate in 2007Q1 was 4.6%, close to the steady state value of 4.5%
in our model. Unemployment rate peaked at 10.1% in 2009Q4. During the same time,
unemployment benefit duration was raised from 26 weeks to 99 weeks (in states with unem-
ployment rate above 8.5%). So, our back of the envelope calculation for the semi-elasticity

is ¢, = (99 — 26)/13/(0.101 — 0.046) =~ 102. That is, a one percentage point increase in the

unemployment rate triggers 1.02 quarter increase in average UI duration.

Estimation: IRF Matching. As in Christiano, Eichenbaum, and Evans (2005), we esti-
mate the model by matching the impulse response functions obtained in our model to their
empirical counterparts obtained with a standard business-cycle shock. We generate the em-
pirical impulse responses by following the empirical strategy in Angeletos, Huo, and Sastry

(2021). That is, we estimate the regression

P K
Zr = o+ Z ’ypzﬁ/p + Z Brei_p + ug (2.54)
p=1 k=0

where z; is an outcome of interest (e.g. unemployment rate), ¢; is an identified shock, and
ztIYp are lagged values of z; instrumented by lagged values of ;. Our identified shock is the
main business cycle (MBC) shock from Angeletos, Collard, and Dellas (2020). This shock is
constructed to account for most of the business cycle fluctuations in unemployment rate. We
generate impulse response functions not only for outcomes, but also generate the impulse

response functions of expectation for the relevant variables at several horizons.

To perturb the economy from its steady-state level, we consider a single shock to the

9EUCO8 features nonlinearities and a staggered rollout which we ignore. Kekre (2021) for example takes
these features into account but assumes perfect foresight with respect to the announced policy.
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marginal efficiency of investment (MEI) which follows an AR(1) process

Kt = Pptle—1-

The process for this shock has two free parameters: the persistence p,, and the initial level of
the shock pg. Angeletos, Collard, and Dellas (2020) show that the MBC and MEI shocks are
closely related. Using our model, we solve the impulse responses of variables in our model
to this shock for a given set of parameters. In doing so, we attribute the estimated impulse
responses for expectations directly into our household block using equation (2.21). We focus
on the implications of imperfect expectations for aggregate demand and so assume that all
other economic agents have full information and rational expectations.!®

We recover the implied impulse response functions IRF(2), where €2 denotes the set of
that we estimate which can be seen in Table 2.2. We choose values for these parameters so as
to minimize the distance between our model’s implied impulse response and those estimated
in the data:
O = argmin (IRF(©) - IR/T?)/ =~ (IRF(Q) - IRF) ,
where IRF denotes the estimated impulse response function. In our estimation, we include

the impulse response functions for the unemployment rate, consumption, inflation rate, and

the nominal interest rate.

Expectations: Data limitations and solution. In practice, the exercise described in
the previous section cannot be fully implemented due to the unavailability of all necessary
expectations data. In this dimension, we confront two limitations: (1) we may not have
survey data on expectations to all relevant variables and (2) even for the variables for which

we do have survey data for, we only observe expectations for a finite number of future

10Tt is easy to extend the estimation to incorporate imperfect expectations into the decision problems of
other economic agents.
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horizons, and not the infinite number of horizons which would be required to solve the
model.
We use data for the Survey of Professional Forecasters (SPF). From this dataset, we use

1 However, people must

data for one to four quarters-ahead unemployment rate forecasts.
still form expectations about the real-interest rate, tax rates, job-finding rates, among others.
Furthermore, they must also form expectations about the unemployment rate at horizons
beyond the fourth quarter ahead. We solve both of these issues by imposing a parametric
model of beliefs to generate beliefs of variables for which expectations data are lacking and
extrapolate unemployment forecasts beyond the fourth quarter horizon.

As Angeletos, Huo, and Sastry (2021) point out, most popular models of belief formation
generate either underreaction or overreaction at all horizons. This pattern is very clearly seen
in the impulse response of forecasts observed in Figure 2.1. To capture the estimated pattern
of initial underreaction followed by delayed overreaction, we combine noisy information with
diagnostic expectations and long memory. In doing so, we build on Bordalo et al. (2020)
(who combined noisy information with standard diagnostic expectations) and on Bianchi
et al. (2021) (who introduced diagnostic expectations with long memory). In Appendix
B.4.1, we discuss the merits of this model of beliefs relative to other popular models in the
literature. As Figure B.1 shows, having both features is essential to match the estimated
pattern.

As we discuss in Appendix B.2.3, the noisy-information and long-memory diagnostic
expectations model implies that the time ¢t average expectation to a deterministic shock

takes the following form:

_ t+1 ! t+1—3

EJfdX, ] = [(146 0 dX, 2.55

t[ t+h] ( + )Te/Ty—i-t—f—l jzlaj (Te/Ty—i—t—i—l—j)] t+hs ( )
;)f\t J/

1We are currently working on incorporating SPF data for other variables into our framework.
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where E,[X;,5] denotes the average expectation and E,[X,,,] denotes the full-information

and rational expectations in that same economy, and uses the following convention

d t+1—j
ij - =0
2 T/Tw tt+1—7

j=1

if t = 0. This model features several parameters: 6 denotes the degree of belief overreaction,
a; > 0 for j > 1 denote the memory weights and satisfy E;’il a; =1, and 7 = 7. /7, denotes

the ration of the precision of priors to the precision of the noisy signals.

Table 2.1: Belief parameters

Parameter Description Value
0 Diagnostic expectation param  4.332
T Noisy information param 10.304
« Long memory param 1 7.536
B Long memory param 2 24.907

This model nests four known models as special cases. First, assume that 7 = 0 and
a1 = 1. Then, this model collapses to the standard diagnostic expectations, as in Bordalo,
Gennaioli, and Shleifer (2018). Second, maintaining the assumption that 7 = 0 but allowing
for the memory weights to assign mass to further away expectations, our model also nests the
long-memory diagnostic expectation model used in Bianchi, Ilut, and Saijo (2021). Third,
assuming that § = 0 but 7 > 0, this model collapses to the standard noisy-information
and rational expectations model as in Angeletos and Huo (2021). Finally, allowing 6 > 0
and 7 > 0 but assuming that «; = 1, then this model collapses to the standard noisy-
information and diagnostic expectations model used in Bordalo, Gennaioli, Ma, and Shleifer
(2020). Our model is best understood as extending this final model to allow for long-memory,

which turns out to be essential in capturing the pattern of initial underreaction followed by
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delayed overreaction which can be seen in Figure 2.1.12

As in Bianchi, Ilut, and Saijo (2021), we assume that the «; are determined by a Beta-
binomial distribution with parameters o and 3. This assumption implies that we have four
parameters to calibrate in this model 0, 7, a, and 5. We calibrate these parameters so that
the beliefs that they would imply for the unemployment rate forecasts line up with those that
we observe in the data. However, note that, in solving the model, we actually use directly
the observed unemployment rate forecasts and not the ones implied by this model.

The calibrated parameters are found in Table 2.1 and the models empirical match can
be seen in Figure 2.2. Overall, the fit to the data we actually observe is good. Note that, in

this model, the ratio of under or overreaction,

Ei[dX i)

=\
dX;in o

is constant across horizons. As it turns out, to match the data, the implied forecasts slightly
exagerate the amount of overreaction at the shortest horizon while underestimating the
amount of overreaction at longer horizon. We leave a more in depth analysis of this interesting

fact for future work.

2.5 Results

In this section, we present the main results of our estimation exercise. Furthermore, we
compare the implied impulse responses in our model to the benchmarks of perfect and no
anticipation of future changes. This exercise allows us to understand the implications of the

patterns of imperfect expectations observed in the data.

12Gee Appendix B.4.1 for a discussion.
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Figure 2.2: Calibration of belief parameters
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2.5.1 Estimation results

We estimate the remaining parameters which are relevant for the transition dynamics in our
economy. These parameters are as follows. The monetary policy parameters: the Taylor-
rule coefficient on inflation, ¢,, the Taylor-rule coefficient on unemployment, ¢,, and the
Taylor-rule inertia, p,,. The investment adjustment cost, ¢, and the real-wage adjustment
cost, ¢,,. The elasticity of the tax rate to debt, ¢g. The nominal rigidity parameters: price
indexation, ¢,, and the slope of the Phillips curve, ,. The financial income payout rate,

¢n. Finally, the parameters controlling the scale and the persistence of the MEI shock: g
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and p,, respectively. The estimated values for the parameters which affect the transition

dynamics in our economy can be found in Table 2.2.

Table 2.2: Estimated parameters

Parameter Description Value

Core model parameters

Or Taylor rule coef on inflation 1.241
Ou Taylor rule coef on unemployment  0.122
Pm Taylor rule inertia 0.000
Y Investment adjustment cost 1.788
OB Response of tax rate to debt 0.054
Uiy Real wage adjustment cost 1082.0
Lp Price indexation 0.249
Kp Phillips curve slope 0.075
ON Financial income payout rate 0.009
MEI shock process
140 Scale of MEI shock 0.025
Pu Persistence of MEI shock 0.716

The model’s impulse response functions are shown in the blue lines in Figure 2.3 for the
unemployment rate, consumption, inflation rate, and the nominal interest rate. The black
line shows the associated empirical impulse responses the the shaded region plots the 68%
confidence interval around the empirical point estimates. The model provides a good fit to

its targeted empirical counterparts.

2.5.2 Quantifying the consequences of imperfect expectations

In this section, we assess the efficacy of Ul extensions on stimulating demand with imperfect
expectations. The goal is to quantify the role of imperfect anticipation of endogenous Ul
extensions in affecting aggregate demand. As we have discussed before, we do so by working
directly with the empirical response of expectations, avoiding the need to choose a particular

model of belief formation. We show that the direct effect of Ul extensions on the distribution
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Figure 2.3: Targeted Impulse Responses: Outcomes
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of income is less important than their indirect effect on precautionary saving. This implies
that the power of Ul extensions to boost aggregate demand is diminished if households do
not anticipate them. We show this result in partial equilibrium (using only the calibrated

household block) as well as in general equilibrium (using the full estimated HANK model).

Partial-equilibrium analysis. UI extensions can boost aggregate demand by two chan-
nels. First, directly, by raising the income of unemployed households who get to keep their
benefits thanks to the extension. Second, indirectly, by reducing the precautionary savings
of employed households facing the risk of job loss, and of unemployed households facing the

risk of losing benefits. Our first goal is to establish that the precautionary saving channel is
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quantitatively relevant.

We consider a Ul extension that would be triggered, according to policy rule (2.42), by
the empirical impulse response of unemployment with respect to the main business cycle
shock. The path of UI duration is plotted in the left panel of Figure 2.4. We feed this path
of UI duration to the households of our HANK model and compute the response of aggregate
consumption under different assumptions about expectations. For the purposes of this partial
equilibrium exercise, we keep all other prices, income, and the job-finding rate constant at

1.13 We contrast the response of the economy under the estimated

their steady-state leve
beliefs with two extreme benchmarks: (1) full-information and rational expectations (FIRE)
and (2) myopia. The first benchmark assumes that people have the correct expectations,
which implies that they make no forecast errors. The second benchmark assumes that people
never revise their beliefs about the future and so consistently make forecast errors. So the

first benchmark features perfect anticipation of Ul benefits, while the second benchmark

features no anticipation of Ul benefits.

Figure 2.4: Partial-equilibrium Consumption Responses to an Ul Extension
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13That is, our results depend only on the calibrated household block, and are independent from the supply
side and policy blocks of the model.
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The right panel of Figure 2.4 shows the impulse response of aggregate consumption. The
blue line is computed assuming that households have FIRE or perfect foresight of the rise
in UI duration from period 0 onwards. In this scenario, aggregate consumption rises sharply
on impact due to an immediate reduction in precautionary savings, stays above steady state
for five quarters, and then falls below steady state as households start to build back their
normal buffer stock of savings. To understand why consumption falls below steady state
before it recovers, note that a Ul extension raises incomes only for those workers that lose
their job and stay eligible longer. The majority of households remain continuously employed
during the period of the UI extension. From their perspective, Ul extension reduces risk,
but provides no income. They optimally adjust their buffer stock in response to the change
in unemployment risk.

The second scenario, myopia, isolates the role of actual transfers, as household (wrongly)
forecast no change to their income prospects upon unemployment. The orange line shows
that the resulting response of aggregate consumption is markedly different from the first
scenario with FIRE. Conditional on their individual states, the households’ consumption-
saving decisions do not change at all. The hump-shaped aggregate consumption response is
driven entirely by changes in the distribution. The mass of UI eligible households rises while
the mass of ineligible unemployed households falls. Aggregate consumption rises moderately
because the households who receive UI benefits consume more on average than those who
exhausted their benefits. The comparison of this scenario with FIRE demonstrates the
importance of anticipation of Ul benefits in shaping the consumption response to the policy.
In fact, the peak response of aggregate consumption to unemployment benefits is over four
times as large with FIRE than with myopia, and it happens on impact as opposed to 5
quarters later.

In the third scenario, we give households the expectations estimated in the ARMA-IV

regression (2.54). As figure 2.1 shows, estimated beliefs feature initial dampening followed by
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delayed overreaction relative to the actual path of the unemployment rate. Since we assume
that households have first-order knowledge of the policy, the same pattern applies to beliefs
about UI duration. It follows that the initial response of aggregate consumption is muted
relative to FIRE, but much higher than the myopic scenario since people still anticipate some
of the Ul extension. However, because of the overreaction in beliefs, after a few periods the
response of aggregate demand becomes even higher than under FIRE due to the effect of

perceived UI duration on precautionary savings.

General-equilibrium analysis. We established that imperfect anticipation of Ul exten-
sions has a large impact on the partial-equilibrium response of aggregate demand to the pol-
icy. Next, we compute the consequences imperfect anticipation in the full dynamic general-
equilibrium model.

Figure 2.5 displays the impulse response of aggregate consumption to the marginal effi-
ciency of investment (MEI) shock. As in the previous section, we compare the response in
our baseline economy with the estimated beliefs to the benchmarks of perfect anticipation
(FIRE) and no anticipation (Myopia). In performing these comparisons, we fix all param-
eters (other than those relating to beliefs) to their estimated values (see section 2.4.6). We
then compute the dynamic response of those benchmarks to the same MEI shock. The re-
sponse of our baseline economy can be seen in green, while the response under FIRE and
Myopia can be seen in blue and orange.

Aggregate consumption falls in response to this negative MEI shock for all models, mostly
because firms invest less and hire less workers, leading to a rise in unemployment and a decline
in incomes. As unemployment surges the government responds by increasing Ul benefits,
which helps stimulate the economy, but does not fully offset the shock.

The initial drop in consumption is less pronounced in the baseline model than with

FIRE. This result is a consequence of the fact that individuals are more optimistic about
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Figure 2.5: General Equilibrium Impulse Responses to MEI Shock
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the depth of the recession due to the initial underreaction of beliefs, i.e., individuals think
that unemployment will not rise as much. The same holds for the comparison of Myopia to
the two other lines. The initial drop in consumption is -0.39, -0.58, and -0.16 percent for the
baseline, FIRE, and Myopia economies.

However, after this initial period, individuals become more pessimistic about the future
path of unemployment and job finding prospects than they would under FIRE or Myopia.
It follows that individuals predict larger unemployment risk and so, despite also predicting
higher Ul benefits, they have a higher precautionary-savings motive and cut their consump-
tion by more relative to FIRE and Myopia. These effects imply a hump-shaped response
of aggregate consumption which would not be present with FIRE. The peak response of
aggregate consumption with the estimated beliefs if -0.81, while for FIRE it is equal to the
initial response -0.58. Over time, these very pessimistic expectations are not realized and
individuals consume their excess savings, justifying the fact that consumption is higher after
10 quarters under the estimated beliefs than under both other benchmarks.

Figure 2.5 highlights the importance of expectations on the general-equilibrium response
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of aggregate consumption. However, it does not allow us to understand the independent
effects of each general-equilibrium channel. To better understand the consequences of the
fall in job finding rates and the endogenous rise in UI duration, we now decompose the overall
GE effect. We isolate the effect of different channels on consumption, by taking the Jacobian
with respect to that input and multiplying it by the impulse response of that input. We
focus primarily on understanding the effects coming through these two channels due to their
central importance in our analysis. In appendix B.4.2, we complement the analysis here by

describing the effects of the remaining GE forces.

Job-finding rate. As a consequence of the MEI shock, firms post less vacancies which
leads to a decline in the job-finding rate. In Figure 2.6, we evaluate the effect of this general-
equilibrium channel on aggregate consumption for our baseline economy (Estimated) and the
two benchmarks of perfect anticipation (FIRE) and no anticipation (Myopia). The left panel
shows the IRF for the job-finding rate while the panel on the right computes the isolates the

effect of the decline in the job-finding rate for aggregate consumption.

Figure 2.6: Partial effect of job-finding rate on consumption
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The impulse responses for the job-finding rate are very similar across the three models.
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The initial drop is larger under FIRE and smaller with myopic beliefs. The baseline economy
sees an initial smaller drop in the job finding rate relative to FIRE, but the ranking is reversed
after 3 periods.

Despite featuring similar job-finding rates, there are large differences in the response of
aggregate consumption. With myopic beliefs, since people do not anticipate the coming
recession, the initial decline in consumption is small. However, as unemployment rises,
workers are faced with unexpectedly longer unemployment spells which leads to a severe
contraction of spending in later periods. Instead, with FIRE, there is a large initial drop in
consumption which fully recovers by period 10.

In our baseline economy, we see that because beliefs initially underreact, the consumption
response is muted relative to FIRE, but it is larger than under myopia. However, after
this initial phase, individuals become more pessimistic and the average belief overreacts
relative to FIRE. The consequence is a pronounced drop in aggregate consumption. It
is noteworthy that this pattern of delayed overreaction in beliefs implies a hump-shaped

response of consumption to the job-finding rate, which would not be possible under FIRE.

UI duration extension. As the job-finding rate drops, the unemployment rate rises
which triggers an extension in the duration of unemployment insurance. In Figure 2.7, we
evaluate the effect of this general-equilibrium channel on aggregate consumption for our
baseline economy (Estimated) and the two benchmarks of perfect anticipation (FIRE) and
no anticipation (Myopia). The left panel shows the IRF for the UI duration while the panel
on the right computes the isolates the effect of the increase in Ul duration for aggregate
consumption.

The duration of UI tracks exactly the impulse response of the unemployment rate, which
follows a hump shape. Unemployment rises initially the most for FIRE and the least for

myopic beliefs. The baseline economy features an initial lower unemployment rate than
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Figure 2.7: Partial effect of Ul duration extension on consumption
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FIRE, but a larger peak level of unemployment. These dynamics feed exactly to the UI
duration.

As we have discussed before, extending Ul stimulates consumption for two reason: the
redistribution channel and the precautionary savings channel. The panel on the right shows
that, under myopic beliefs, the impact of Ul extensions on aggregate consumption is very
small when compared to FIRE. This shows that the major source of stimulus comes from
the precautionary savings channel rather than the redistribution channel. With FIRE, UI
extensions are very powerful at stimulating consumption especially on impact. The strength
of the initial impact is largely a consequence of the anticipation of higher future Ul benefits,
leading people to save less and thus consume more.

Our baseline economy features lower initial anticipation of Ul extensions relative to the
FIRE benchmark. Figure 2.7 shows that this initially mutes the consumption response to Ul
extensions. However, as noted before, the empirical pattern of beliefs implies that eventually
beliefs overreact relative FIRE. It follows that they begin anticipating larger Ul benefits and

thus a stronger stimulative power for this policy.



CHAPTER 2. UNEMPLOYMENT INSURANCE IN MACROECONOMIC
STABILIZATION WITH IMPERFECT EXPECTATIONS 115

2.6 Quantifying the stimulative power of Ul extensions

The results in the previous section allow us to understand the importance of anticipating Ul
extensions in determining their efficacy in stimulating consumption. Furthermore, they allow
us to compare the implications of the empirical patters of beliefs relative to two important
benchmarks: FIRE and myopia. However, those results do not allow us to quantify the power
of Ul extensions. For that purpose, we need to compare the impulse responses obtained in the
previous section with those obtained in a counterfactual economy assuming no extensions,
ie., ¢, =0.

For the purposes of computing a counterfactual response, we must take into account how
beliefs differ in this counterfactual economy relative to our baseline analysis. This means
that we must specify a model for belief formation, and can no longer simply rely on the
estimated beliefs. We assume that beliefs are determined by the noisy-information and long-
memory diagnostic expectations model (baseline) that we estimate in Section 2.4.6. This

choice is in line with our discussion in that section and further extended in Appendix B.4.1.

Figure 2.8: Impact of Ul extension with FIRE
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Figures 2.8, 2.9, and 2.10 display the impulse responses under FIRE, myopia, and baseline
beliefs, respectively. For each figure, the left panel displays the impulse responses for the
unemployment rate with the policy (blue) and without the policy (red). The black dashed
line plots the difference between these two responses and is a measure of the stimulus. The
right panel displays the analogous three responses for consumption.

Figure 2.8 shows that, with FIRE, the strongest effects of Ul extensions happen imme-
diately on impact of the shock. At this initial date, the policy leads to a decrease in the
unemployment rate of 0.7 percentage points and in increase in consumption of 1 percentage
point on impact. The stimulus effect then declines over time and dissipated by the eighth

quarter.

Figure 2.9: Impact of Ul extension with Myopia
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The positive impact of Ul extensions are mostly a consequence of the effect that their
anticipation has on precautionary savings. This fact is most clearly seen in the comparison
of the efficacy of Ul extensions with FIRE (Figure 2.8) and Myopia (Figure 2.9). In fact,
with Myopia we see that the extensions have almost no impact on the unemployment rate

and only a very moderate impact on consumption (echoing the partial equilibrium results
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in the previous section). We see that the peak impact of Ul extensions is slightly delayed
relative to FIRE, which is a consequence of the fact that without anticipation, only the
redistribution channel is operative and so the impact of the policy tracks closely the UI
duration at each point in time. Still, the peak impact of Ul extensions is essentially zero for
the unemployment rate and less than 0.1 percentage points for consumption.

Figure 2.10 shows the analogous results for the baseline economy. We can see several
features. First, the impact of Ul extensions are dampened relative to FIRE. This feature is
especially true at the onset of the shock, where the promise of Ul extensions are responsible
for a decrease in the unemployment rate of close to 0.4 percentage points and an increase in
consumption of 0.6 percentage points. Due to the delayed overreaction of beliefs, the impact
of Ul extensions also follows a hump shape. Intuitively, in the economy with delayed belief
overreaction, individuals switch from their initial over-optimism to over-pessimism about
the future unemployment rate. However, since people understand the policy rule, they
believe that this increase in unemployment will trigger an expansion of Ul generosity. The
peak impact of Ul extensions leads decreases the unemployment rate by over 0.5 percentage

points and increases consumption by close to 1 percentage point.

Figure 2.10: Impact of Ul extension in the baseline economy
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2.7 Alternative policy implementation

In this section, we are interested in understanding how the efficacy of UI duration extensions
is affected by the way in which the policy is implemented. As in Bianchi-Vimercati, Eichen-
baum, and Guerreiro (2021), we are interested in comparing the impact of the policy when
it is implemented and announced as a rule versus when the path of Ul duration is directly
announced. In the latter case, we assume that the government directly announces a path for
the policy variable 71°¢ and that this announcement is immediately learned and understood
by all market participants.

As in Section 2.6, making this comparison requires us to compute a counterfactual path
for the economy under a different policy implementation. So in our baseline economy, we
maintain the assumption that beliefs are given by the noisy-information and long-memory
diagnostic expectations model (baseline) that we estimate in Section 2.4.6. We first compute
the response of the economy under the assumption that the policy is implemented as a rule.
We then recover the implied path for Ul duration and compute the dynamic response in
the counterfactual economy where the same policy is directly announced at the onset of the
recession. As in the previous section, we do this analysis in our baseline economy and for
comparison also perform the analysis under FIRE and myopia.

Figures 2.11, 2.12, and 2.13 display the impulse responses under FIRE, myopia, and
baseline beliefs, respectively. For each figure, the left panel displays the impulse responses
for the unemployment rate with the rules-based policy (blue) and with the instrument-
announcement policy (brown). The black dashed line plots the difference between the equi-
librium with announcement and that with rules. The right panel displays the analogous
three responses for consumption.

Figure 2.11 shows that with perfect anticipation, i.e., with FIRE, the two forms of policy

implementation lead to the same outcomes. With FIRE, it doesn’t make any difference
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Figure 2.11: Instrument-rule vs announcement with FIRE
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whether the instruments are directly announced or that they are announced as a rule, since
people accurately forecast the behavior of the unemployment rate and can thus use it to
perfectly predict the future path of unemployment duration (see also Angeletos and Sastry,
2021, and Bianchi-Vimercati, Eichenbaum, and Guerreiro, 2021). Instead, Figure 2.12 shows
that with myopia there can be large differences between these two forms of implementation.
When the instrument is directly announced to people, the model features large anticipation
of UI benefits and so a strong stimulative power of the policy. Indeed, the unemployment
rate falls by over 0.5 percentage points on impact and consumption is boosted by almost 0.7
percentage points on impact.

Finally, in our baseline economy, the results are mixed. The announcement-based policy
limits the initial rise in the unemployment rate by over 0.25 percentage points, and the fall
in consumption by 0.28 percentage points. After the initial period, the order is reversed
and the unemployment rate becomes 0.15 percentage points higher in the economy with
the announcement-based policy. Similarly, consumption falls 0.25 percentage points more.

These results are a direct consequence of the pattern of delayed overreaction present in beliefs.
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Figure 2.12: Instrument-rule vs announcement with myopia
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Initially, beliefs underreact, so people under forecast the generosity of Ul extensions in the
economy with the policy rule. So it is more powerful to directly announce the extension
in UI benefits.!* However, after this initial period, beliefs overreact and people become
overly pessimistic. So under the rule-based policy, people believe that Ul benefits will be
extended for longer. In other words, the rule-based policy exploits the belief overreaction
and stimulates demand further without an actual increase in UI duration.

We conclude that in our baseline economy, changing the implementation of UI extensions
to a direct announcement could help their stimulative power at the onset of the recession,

but may lack efficacy past the peak of the recession when beliefs turn overly pessimistic.

2.8 Conclusion

Economists have long emphasized the benefits of linking UI benefits duration to aggregate
economic conditions (see, e.g., Chodorow-Reich and Coglianese 2019; Eichenbaum 2019;

Mitchell and Husak 2021). In this paper, we argue that expectations are critical in deter-

14This argument follows the same logic as in Bianchi-Vimercati et al. (2021).
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Figure 2.13: Instrument-rule vs announcement in the baseline economy
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We study the economic impact of Ul extensions in a state-of-the-art Heterogeneous Agent

New Keynesian model with search and matching frictions. We discuss a general framework

to solve and analyze such models under arbitrary beliefs about macroeconomic outcomes.

We leverage the framework to estimate the model to match the impulse responses of key

aggregate variables and expectations to identified business-cycle shocks. By doing so, we

demonstrate that expectations data can be used directly to solve the model, thus sidestepping

the issue of choosing among the “wilderness” of alternative models for belief formation. Our

results emphasize that the stimulative power of state-dependent Ul extensions can be greatly

affected by systematic forecast errors that people make in predicting the business cycle.
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Chapter 3

Belief Disagreement and Business Cy-

cles

3.1 Introduction

Expectations about the future are central to macroeconomics. A variety of decisions made
by households and firms fundamentally depend on what they expect for future income levels,
interest rates, or inflation, e.g., consumption and savings, investment, or price setting. So,
to understand how individuals make the decisions that shape aggregate outcomes, it is
essential to understand how agents form beliefs. In this paper, I explore a particular facet
of expectations: belief heterogeneity (or disagreement). Understanding the sources behind
this form of heterogeneity is crucial to understand its aggregate implications.

Belief heterogeneity can be observed in surveys of expectations. In Figure 3.1, I plot
the cross-sectional standard deviation of forecasts for one-year ahead income growth in two
popular surveys of expectations: the Survey of Professional Forecasters (SPF) and the Survey
of Consumer Ezpectations (SCE). Figure 3.1 shows two key findings: (1) the magnitude of
disagreement is substantially high and (2) disagreement rises sharply during large events.
The cross-sectional standard deviation is close to 1 percentage point in the SPF and 4.5

percentage points for the SCE.! Furthermore, there are also large fluctuations in disagreement

Mankiw et al. (2003) emphasize that disagreement in inflation forecasts among households is much higher
than for professional forecasters.
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Figure 3.1: Belief disagreement in survey data
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Notes: This figure displays the cross-sectional standard deviation of point forecasts for one-year ahead income
growth both in the Survey of Professional Forecasters (SPF) in the left panel and the Survey of Consumer
Expectations (SCE) in the right panel. See appendix A.3. for more details.

over time. For example, SPF disagreement rises to 3 percentage points during the Covid
crisis.

How does belief heterogeneity affect aggregate outcomes? Despite having introduced
multiple forms of heterogeneity into macroeconomics models, the literature has given rel-
atively less attention to the impact of belief heterogeneity. In part, this is a consequence
of the fact that the bedrock of modern macroeconomics is the full-information and rational
expectations (FIRE) assumption, which implies that everyone shares the same beliefs and
so eliminates any chance for disagreement. However, given the central importance of beliefs,
understanding the sources and aggregate implications of this form of heterogeneity is crucial.
In this paper, I study the impact of disagreement on aggregate demand, the transmission
of macroeconomic shocks, and the efficacy of fiscal policy. I focus on aggregate demand
because it has a central role in the macroeconomic transmission of shocks (see Remark 2 for
a discussion).

The main findings in this paper are that (1) belief disagreement serves as a propagation

mechanism which can substantially amplify business-cycle shocks and (2) the presence of
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belief disagreement implies that the sectoral composition of government spending affects the
spending multiplier. I establish these results by considering a stylized New Keynesian model
and empirical evidence. For quantification purposes, I then develop a Heterogeneous Agent

New Keynesian (HANK) framework that embeds various forms of heterogeneity.

Theory I begin by considering a simple model with household heterogeneity and nominal
rigidities. Households differ both in their beliefs and in their exposure to the business cycle
due to heterogeneous income cyclicality. As is standard in the literature, I focus on the first-
order response of this economy to shocks starting from a steady state. This model delivers
two main insights.

First, I show that a single statistic summarizes the impact of belief heterogeneity on
aggregate demand. This statistic, which I refer to as correlated disagreement, captures the
extent to which belief heterogeneity is correlated with individual income cyclicality. Suppose
that aggregate income (y) rises at time ¢ + h. I show that the change in aggregate demand
at time ¢, ¢, is given by:

et _ MPC}, (14 CD) - \. (3.1)
OYrsn

MPC,, denotes the marginal propensity to consume out of this increase in future income,
and A captures the response of average beliefs of income to the actual change in income.
This term is equal to one with full information and rational expectations, but generally dif-
fers from one away from that benchmark. CD is the correlated disagreement term, which
is measured as the covariance between income cyclicality and the response of individual be-
liefs. Intuitively, this term arises from the fact that the beliefs of individuals more exposed
to aggregate-income changes (higher cyclicality) receive a larger weight in determining the
response of aggregate consumption. Belief disagreement is relevant to the extent that it
correlates with other individual characteristics which determine individual consumption re-

sponse to macroeconomic shocks.
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Second, I show that the sign of correlated disagreement determines the extent to which
shocks propagate through the economy. Equation (3.1) shows that correlated disagreement
affects the strength of the impact of future income on current aggregate demand. When
correlated disagreement is positive, this channel is stronger relative to an economy where
all individuals have the same average belief (and so CD = 0). In this case, disagreement
is a propagation mechanism that amplifies the initial shock. In other words, the aggregate
demand response is higher than predicted by the simple average level of attention, so the
shock’s impact is larger. Conversely, when correlated disagreement is negative, the general-
equilibrium (GE) channel is muted relative to the homogeneous-attention economy. In this
case, disagreement dampens the consequences of the shock.

Whether business cycles are amplified or dampened crucially depends on the sign of
correlated disagreement. It is ex ante unclear whether we should expect the responsiveness
of beliefs to be positively or negatively related to income exposure. In this paper, I provide

both theoretical and empirical evidence that the correlation is positive.

Endogenous beliefs First, I endogenize beliefs via a model of behavioral inattention in the
tradition of Gabaix (2014, 2016). I show that this model unambiguously predicts positively
correlated disagreement. Households with higher income cyclicality are more exposed to
changes in aggregate conditions, i.e., a given change in aggregate income implies a larger
individual-income response for high-cyclicality than for low-cyclicality workers. So, there is
an incentive for workers with high income cyclicality to track shocks more closely, i.e., pay

more attention. The result is a positive correlation between attention and income cyclicality.

Evidence Second, I provide empirical support for this positive correlation. I analyze the
size of forecast errors as a function of income cyclicality. Forecast errors are the difference

between realized income growth and expected income growth. Through the lens of the model,
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the magnitude of forecast errors is informative of how attentive people are. Using survey data
from the Survey of Consumer Expectations (SCE) and data on actual outcomes from the
Current Population Survey (CPS), I construct average forecast errors at the state-quarterly
level from 2013 to 2021. I show that the magnitude of forecast errors is decreasing in the
state’s average income cyclicality. A 0.1 increase in average income elasticity at the state
level is associated with a 16.3 percent decrease in the magnitude of forecast errors. This

result supports the implication that attention is increasing in income cyclicality.

Quantifying business-cycle amplification Since correlated disagreement is positive;
aggregate demand is more responsive to changes in macroeconomic conditions, and business
cycles are amplified relative to a homogeneous-attention benchmark.

To assess the quantitative relevance of the mechanisms described in the simple model,
I develop a Heterogeneous Agent New Keynesian model. This model aims to develop a
more realistic description of aggregate demand, the crucial object of the analysis. The
quantitative model extends the previous analysis along the following dimensions: (1) it
introduces incomplete markets in the form of uninsurable idiosyncratic income risk and
borrowing constraints; (2) income risk increases in recessions and decreases in expansions,
as emphasized by the empirical literature,? (3) it allows for government spending, debt,
and proportional taxation; (4) it assumes that monetary policy is conducted according to a
standard Taylor rule; and (5) it allows for time-varying prices and nominal wages, subject to
standard nominal frictions. I maintain the assumption that individuals are heterogeneously
exposed to aggregate conditions and that they optimize their level of attention. In this more
general model, individuals must form beliefs not only about their own income, but also about
the real interest rate and the tax rate.

Models with this considerable degree heterogeneity are known for their computational

2For evidence on this fact, see Guvenen et al. (2017) and Coibion et al. (2017).
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complexity. In this paper, non-rational heterogeneous beliefs create an additional dimen-
sion of complexity. I make the simplifying assumption that individuals choose their opti-
mal attention in an ex-ante stage and not based on the current temporary state. Under
this assumption, I can leverage recent advances in the literature to write the problem in a
computationally-tractable way. The computational method is described in Section 3.4.6.

I calibrate the model to standard targets in the literature in addition to evidence on
income cyclicality and forecast errors. I consider the response of aggregate output to a
variety of standard business-cycle shocks: discount-factor, government-spending, monetary-
policy, and productivity shocks. I show that amplification is more substantial when the
shock is more persistent, or when the response of monetary policy to inflation is weaker.
For example, calibrating productivity shocks to capture the effects of an oil shock implies
that the response of aggregate income on impact is 16 percent larger because of correlated
disagreement. The amount of amplification more than doubles, to 33 percent, if the response
of monetary policy is weaker.

The intuition for these results is as follows. First, the more persistent the shock, the
more relevant beliefs about future output are in shaping current actions. So, the correlated-
disagreement mechanism becomes stronger if the shock is more long-lasting. Second, the
weaker the monetary policy response, the higher the relative importance of general-equilibrium
effects working from aggregate income to aggregate demand. If monetary policy is less re-
sponsive, the amplification mechanism becomes relatively more important, leading to further

amplification.

Government-spending multipliers [ then consider the impact of correlated disagree-
ment on the effects of government-spending policy. In particular, I ask how the composition
of government spending across worker cyclicality groups affects the government-spending

multiplier, given the heterogeneity in attention.
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When all individuals have the same attention or under full-information and rational
expectations, the government-spending multiplier is independent of the group-composition
of spending in this model.> In contrast, when attention is heterogeneous, the multiplier is
higher if government spending targets the most cyclical groups of workers. The reason for
this result is as follows. The first-round effect of spending increases workers’ incomes. In
response, workers that see their incomes increasing also choose to increase their consumption.
The relevant statistics to determine the aggregate-demand response to this change in income
are the effective marginal propensities to consume, i.e., the MPC weighted by the attention
to income changes. It follows that, when spending targets the most cyclical groups, the
government increases incomes for people with higher effective MPCs, because they are also
the most attentive. The result is a larger first-round effect of government spending, which
increases the government-spending multiplier.

Using the simple model, I show that if the government targets the most-cyclical workers,
the multiplier can be larger than the FIRE multiplier, even if people are fully attentive to
taxes.* Using the calibrated model, I quantify the consequences of targeting for the size of
the government-spending multiplier. I show that the multiplier can depend substantially on
the composition of spending. The multiplier is less than one when the government targets
the least cyclical workers but rises above 1.2 if the government targets the most cyclical

workers.

Literature. This paper belongs to a large literature analyzing the transmission of shocks

and policies without the FIRE assumption. A large section of the literature focuses on

3To focus on the implications of heterogeneous attention, I assume that the distribution of MPCs is
orthogonal to the workers’ income cyclicality. So, under FIRE, targeting becomes irrelevant. Baqaee and
Farhi (2018) and Flynn et al. (2021) study the implications of MPC heterogeneity for the design of fiscal
policy.

4The literature has generally found that government-spending multipliers decrease when deviating from
FIRE, see Angeletos and Lian (2018), Woodford and Xie (2019), Farhi et al. (2020), and Bianchi-Vimercati
et al. (2021).
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informational frictions and shows how this deviation from FIRE affects the response of
the economy to shocks, see, e.g, Woodford (2001), Mankiw and Reis (2002), Lorenzoni
(2009), Angeletos and La’O (2010, 2013), Nimark (2014), or Angeletos and Lian (2018).
Another strand of the literature focuses instead on bounded rationality. Ilut and Schneider
(2014) analyzes the implications of ambiguity aversion, and Bianchi et al. (2021) analyzes the
impact of diagnostic expectations for the transmission of business cycles. Woodford (2018)
and Woodford and Xie (2019, 2022) analyze fiscal and monetary policy when people have
finite planning horizons. Garcia-Schmidt and Woodford (2019), Iovino and Sergeyev (2018)
and Bianchi-Vimercati et al. (2021) evaluate the effectiveness of monetary and fiscal policies
in models in which people have level-k thinking. Gabaix (2020) shows how to modify the
standard New Keynesian model to account for expectational frictions in the form of cognitive
discounting, while Angeletos and Sastry (2021) develop a model of shallow reasoning to
analyze the relative performance of different forms of policy communication. However, these
papers considered models where agents are ex-ante identical, implying that belief dispersion
does not have first-order consequences to macroeconomic aggregates.

A more recent literature analyzes that question in models which allow for agent het-
erogeneity. Angeletos and Huo (2021) and Auclert et al. (2020) study environments with
heterogeneous agents and incomplete and dispersed information, while Farhi and Werning
(2019) and Farhi et al. (2020) analyze monetary and fiscal policies, respectively, with house-
hold heterogeneity and level-k thinking. Pappa et al. (2023) study a HANK model with
search and match frictions and incomplete information. Bardéczy and Guerreiro (2023)
studies the stabilization effects of unemployment insurance in a general model with non-
FIRE beliefs. However, all of these papers assume that the belief response is orthogonal to
other sources of heterogeneity, which implies that correlated disagreement is always zero.

This paper shares the focus on the correlation between expectations and other individual

characteristics with Broer et al. (2021). They document systematic heterogeneity in expecta-
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tions across the income distribution about the macroeconomy and rationalize these findings
with a theory of information in which individuals choose their optimal level of attention at
every point in time. They argue that this leads to higher macroeconomic volatility. Instead,
I focus on systematic heterogeneity in expectations across individuals with different income
cyclicalities and assume that attention is a permanent characteristic of households. I derive
in closed form the implications of heterogeneous beliefs in a simple model and calibrate a
HANK model to study the impact of this form of heterogeneity for business cycles and fiscal
stabilization policy.

There is a large literature on the empirical determinants of expectations using survey
data, see, e.g., Coibion and Gorodnichenko (2012, 2015), Bordalo et al. (2020), or Angeletos
et al. (2021). Relative to this literature, this paper provides empirical evidence on a deter-
minant of heterogeneous attention to the macroeconomy and its implications for correlated
disagreement. For further evidence on belief disagreement, see, e.g., Zarnowitz and Lambros
(1987) and Mankiw et al. (2003), or more recently, Bordalo et al. (2020), Angeletos et al.
(2021), and D’Acunto et al. (2019).

This paper shares the interest in targeted spending multipliers and the effects of the
composition of government spending with a growing literature. Ramey and Shapiro (1998)
focus on the implications of costly capital reallocation across sectors. Cox et al. (2020)
analyze how the composition of spending affects the spending multiplier due to heterogeneous
degrees of nominal rigidities in a multi-sector model. Baqaee (2015) and Bouakez et al. (2020)
study how the production network affects the impact of government spending. Baqaee and
Farhi (2018) and Flynn et al. (2021) focus instead on the role of MPC heterogeneity. In this
paper, I contribute another perspective regarding heterogeneous attention and show how
this implies that the composition of spending affects the associated multiplier.

Finally, there has been a long tradition of studying the implications of belief heterogene-

ity about asset returns in asset pricing and macrofinance following the seminal contributions
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of Harrison and Kreps (1978) and Scheinkman and Xiong (2003). Most closely related, Ca-
ballero and Simsek (2020) analyze the implications of disagreement about financial market
returns for aggregate demand. Hassan and Mertens (2017) study how small correlated fore-
cast errors across traders can be amplified by financial trading and distort real investment.
They also show that their mechanism can deliver time-varying belief disagreement in a way
that is consistent with empirical evidence. Instead, I focus on beliefs about future income
and on how heterogeneity in those beliefs affects aggregate demand. In this paper, I abstract

from the interaction between belief heterogeneity and the valuation of financial assets.

Outline. The paper is organized as follows. In Section 3.2, I develop the simple model.
In Section 3.3, I present the empirical evidence. In Section 3.4, I introduce the quantitative
model. In Section 3.5, I develop the implications for the spending multiplier. Finally, Section

3.6 concludes. The proofs for all propositions are contained in the appendix.

3.2 Simple model

In this section, I describe the simple model. This model allows me to characterize the main
mechanisms transparently and in closed form. In Section 3.4, I generalize this framework to a
more complete HANK framework and use that model for quantification purposes. Through-
out the paper, I restrict attention to the first-order response of the economy to shocks,
starting from the flexible price steady state.

Consider a simple New Keynesian economy in discrete time ¢ = 0, 1, ... For tractability, I
assume that nominal wages are fully rigid.

This economy is populated by a continuum of households i € [0,1]. Households have
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preferences over consumption, C;;, and labor N;;, are given by

[ee) t—

U, = Z (H @s) [U(Ci,t) - U<Ni,t>]u (3-2)

where u(C) = C'=7" /(1= ") and v(N) = N7 /(144~1), C;; and N, denote individual
consumption and labor hours, respectively, and ¢ and 1 are the elasticity of intertemporal
substitution and the Frisch elasticity, respectively. I assume that the steady-state discount
factor g € (0,1) is perturbed by discount-factor shocks and 3;; captures the effective sub-
jective discount factor between periods t and t + 1. These demand shocks are the only
disturbance present in this simple model. Furthermore, for simplicity, I also assume that the
path of {f;+} is realized at time zero, so there is no aggregate uncertainty in this economy
from ¢t = 0 on.

For simplicity, I assume that the production function is linear in labor Y; = N;, where
Y, and N, denote aggregate income and labor, respectively. The goods market clearing
condition is given by:

1
Y, — / Codi, (3.3)
0

and labor market clearing requires N; = fol N; 4di.
I assume that the economy is initially at a steady state and normalize the steady state

output to one, Y =N = 1.

3.2.1 Firms

Firms are perfectly competitive and maximize profits, given by: P Y; — W;N;. An interior
solution to a firm’s problem requires W; = P,, where P, denotes the final good’s price. Note

that these assumptions also imply that, in equilibrium, there are no profits and that the real
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wage is given by:

Moy (3.4)

wt:F_
t

Because wages are fully rigid, there is no price inflation:

Py Wipa
= =1. 3.5
P , (3.5)

3.2.2 Monetary policy

[ assume that monetary policy directly controls the nominal interest rate 7;. Furthermore, to
keep the analysis simple, I assume that the monetary authority keeps the nominal interest

rate constant and equal to the steady-state interest rate:

iy=r=p3"1-1. (3.6)

Remark 1. [t is well known that there may be multiple equilibria when monetary policy pegs
the nominal interest rate. In this simple model, I maintain this interest-rate peq assumption
and sidestep discussions regarding indeterminacy by assuming that the economy converges
back to its flexible price steady state. In the model of section 3.4, I assume that monetary

policy is given by a standard Taylor rule.

3.2.3 Households

Labor income Each household belongs to a group g = 1, ...,n. The total mass of group g¢
is given by m,, where > ,Tg = 1. It household ¢ belongs to group g, then their labor income
is given by:

Y;Lt = thg,h (37)

where group labor supply, N, ,, satisfies ) p TgNg it = Ny.
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Because nominal wages are fully rigid, labor supply is determined by firm demand, i.e.,
the amount of labor supplied needs to meet firms’ labor demand at this nominal wage. To
model heterogeneous income cyclicality, I assume that changes in aggregate demand have a

different incidence across groups. Formally, I assume that:
Ng,t = F9<Nt) (38)

I assume that in a steady state, all people work the same number of hours I'y(N) = N.

Furthermore, the income elasticity of group ¢ is defined as:
7 =T)(N) 20, (3.9)

which must satisfy > g TgYe = 1. If we think of ¢ as different sectors, then this assumption
generates sectoral heterogeneity in the incidence of business cycles, sidestepping the exact
microfoundations necessary to achieve this result.’

The household’s time-t flow of funds constraint is given by
Cig + Aippr = Yy + (147) Ay, (3.10)

where A, ; denotes savings from period ¢ — 1 brought to period ¢. They are also subject to a

standard no-Ponzi games condition limy_, (ﬁ—f)T > 0.

Beliefs At every point in time, the household must anticipate the behavior of future vari-
ables which are relevant to their problem. In particular, the household must anticipate the
discount-factor shock, labor income, and the real interest rate. I maintain the assumption

that people have the correct expectations regarding their preference shock ; ;. Furthermore,

5A way of achieving this result would require developing a multi-sector model in which workers had
sector-specific skills and non-homothetic preferences.
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since real interest rates remain constant at their steady-state value, I assume that people
correctly anticipate that r, = r. So, the household’s forecasting problem is simply one of
forecasting their own future income.

For now, I let beliefs about future income be arbitrary and write E;;[-] as the expecta-
tion operator given household i’s beliefs. In line with the literature, I assume that people
know their current level of income. This assumption implies that markets clear in the cur-
rent period given households’ present consumption and savings decisions, and that basic
macroeconomic identities hold. In what follows, I begin by describing household behavior
and equilibrium properties for these beliefs. In subsection 3.2.5, I endogenize beliefs and

show what it implies for disagreement and aggregate dynamics.

Consumption and savings decisions The household’s utility maximization is standard;
they choose consumption and savings to maximize expected utility E;[U;] subject to (3.10).

In Appendix C.1.1, I show that to first order the individual demand can be written as:

G =(1-05) {Z B"Eislyg.en) + 5_1ai¢} +0o Z B s (3.11)
h=0 h=0

where lower-case letters ¢, y,+, and a;; denote the deviation of consumption, income, and
assets from their steady-state values, respectively, and r}, = —dlog(p;+) is the discount-
factor shock. The interpretation of this equation follows from standard Permanent Income
Hypothesis logic: (1 — ) denotes the household’s marginal propensity to consume and
Yoo B"E; 1[ys4+1] denotes the household’s expected permanent income. The term 5~ 'a;,
denotes the household’s financial wealth, while the final term ) - ﬁhﬂrzt 45, captures the
demand-shift induced by the discount-factor shock, which is multiplied by the intertemporal

elasticity of substitution o. Finally, note that y,: = 7,y; where y; denotes the deviation of

aggregate output from steady state. I assume that workers understand that y,; = v,v;.
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3.2.4 Aggregation and equilibrium

Because this economy features constant wages and prices, equilibrium output is fully demand
determined, i.e., output and employment adjust so as to clear the goods market n, =y, = ¢

where ¢; denotes aggregate demand:

1
CtE/ Cidi,
0

and where ¢;; is given by (3.11). So, the crucial object is aggregate demand.

In characterizing aggregate demand, it also becomes evident how belief heterogeneity
matters for aggregates. In what follows, I emphasize two results: (1) within-group belief
heterogeneity is irrelevant, and (2) correlated disagreement determines the strength of general
equilibrium forces working through aggregate income. To show this, I proceed in steps: first,

I compute average consumption in group g¢:

_ 1 .
Cot = —c; i,
€9 7T9

and then aggregate across groups ¢; = » g TgCot-

Aggregating individual demand (3.11) for all members of group g, implies that:

Egﬂf = (1 — ﬁ) {Z ﬁth,t[yg,tJrh] + ,8169715} +o0o Zﬁh+1fg,t+h' (312)
h=0 h=0

This is exactly the same expression as (3.11), except that individual beliefs, assets, and
discount-factor shock have been replaced by group average belief, Egﬂf[yg’”h], assets, g+,
and demand shock, 77, ., , respectively. Only the average belief of group g affects the group’s
average consumption. In other words, belief heterogeneity within the groups is irrelevant in

the sense that the dispersion of beliefs around the average belief does not affect aggregate
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demand. The intuition for this result is as follows. More optimistic people perceive a higher
permanent income than pessimistic people do and so choose to consume more today. How-
ever, because all households have the same MPC, the higher demand of relatively optimistic
people exactly offsets the lower demand of relatively pessimistic ones. So, this type of belief
dispersion does not affect average group consumption.

Next, we want to use average group demand to find aggregate demand. First, note that

by asset market clearing:
/ a; 1di = Zﬂgagt =0.

Furthermore, aggregating expectations of future income implies that:
Z Tg - yg,t+h Z Ty Vg - Egtlyrn] = (14 CDyp) - Eilyiral, (3.13)
—’ngt+h

where Ey[y,,1] denotes the economy-wide average belief, and

CDy, = Cov (79’F97t[yt+h]/Et [?/t+h])

denotes the covariance between income cyclicality v, and “normalized” average beliefs. I
call this term correlated disagreement. It captures the extent to which belief disagreement is

correlated with individual income cyclicality. It follows that aggregate demand is given by:
Z ﬁh ]_ + CDt h) Et yt—i—h +o Z Bh+1rt+h7 (314)

and ry = fol ri,di denotes the average discount-factor shock. Aggregate demand is not solely
a function of average beliefs and the demand shock. Correlated disagreement determines
the aggregate response of consumption to changes in income, i.e., it affects the strength

of the general-equilibrium channel. The reason for this result is intuitive. Because agents
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are heterogeneously exposed to the cycle, not all beliefs matter equally. The beliefs of
more cyclical individuals are more relevant for aggregate consumption than those of less
cyclical individuals, which follows from the fact that, given a change in aggregate income,
more cyclical workers have higher changes to individual income and adjust their individual
consumption by more than less cyclical workers. Correlated disagreement captures exactly
the term that corrects for the fact that beliefs of more cyclical workers receive a higher weight
in determining aggregate demand. For instance, the weight on the beliefs of a worker with
zero income cyclicality would be zero because this worker does not adjust their individual
consumption in response to changes in their beliefs about aggregate income.

Equating aggregate demand to aggregate output, we find

ye=0-8)_B"" (1+CDu) - Eilyesn] + 0y _ B}, (3.15)
h=1 h=0

which solves for output at time ¢, given beliefs future output and the discount-factor shock.
Note that under full information and rational expectations, then E;;[yiin] = Eilyiin] =
Yern. This fact also implies that CD;; = 0. So, under FIRE, this model collapses to an
as-if representative agent model where heterogeneous income cyclicality is irrelevant. More
generally, as long as beliefs are homogeneous, we find that CD,;, = 0. So the economy
behaves as an as-if representative agent model with average beliefs, and heterogeneous income
cyclicality would be irrelevant. Instead, suppose that beliefs are heterogeneous, but all
workers have the same income cyclicality. It follows that CD;j = 0. So, the model collapses
to an as-if representative agent model with non-FIRE beliefs, where belief heterogeneity is
irrelevant conditional on average beliefs. This logic shows that only the combination (and
correlation) of heterogeneous income cyclicality and heterogeneous beliefs affects aggregate
output. One form of heterogeneity without the other does not affect aggregate quantities.

To further analyze the effects of correlated disagreement, it is useful to make a further
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structural assumption on beliefs. T assume that average beliefs of group g move proportionally

with the rational expectations belief:

Egilyern] = XgiBelysin)- (3.16)

This assumption can be satisfied by several widely used models expectations which deviate
from FIRE. For example, this assumption nests: (1) incomplete and dispersed information
following the tradition of Lucas (1972), (2) rational inattention in the tradition of Sims (2003)
in which individuals obtain signals about their permanent income, (3) sticky information as
in Mankiw and Reis (2002), (4) behavioral inattention or sparsity as in Gabaix (2014, 2016),
or (5) shallow reasoning as in Angeletos and Sastry (2021).% T refer to \,; as the “attention”
of individuals in group ¢, with the understanding that in different models of beliefs it may
be a consequence of different microfoundations.

For simplicity, I further assume that attention is constant over time A,; = A;,. The
average level of attention is given by A = Y g TgAg- This object has been the focus of study
in the empirical and theoretical literature, where the consensus is that A < 1. In this paper, I
focus instead on the correlated disagreement term. Under these assumptions, the correlated

disagreement term is also constant over time:

CDy, = Cov (74, Ag/A) = CD. (3.17)

6The assumption outlined in equation 3.16 implicitly assumes that attention to output changes at different
dates does not depend on the forecasting horizon, h. This assumption is always satisfied if people obtain
information that helps them determine their permanent income. As it turns out, this assumption is not
consequential for the analysis, and it is possible to allow the attention parameter to also vary with the
horizon. I elaborate on this more complex model in Appendix C.1.5.
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Proposition 9. Suppose that beliefs satisfy (3.16) with A\, = Ay, then

ye=(1=3)> 8" (1+CD)-Xyppn + 0> _ B} (3.18)
h=1 h=0

1. If CD = 0, then the economy behaves as if it was populated by a representative agent
with the average level of attention \. Correlated disagreement is zero if one of the fol-
lowing conditions hold: (1) attention is constant \, = X for all g, (2) income cyclicality

is constant v, = 1 for all g, or (3) attention and cyclicality are orthogonal.

2. If CD > 0, then the effects of changes in future output are amplified with respect to an
economy with homogeneous attention, i.e., it is as if the MPC was higher. Correlated

disagreement is positive if Ay is increasing in vy,.

3. If CD < 0, then the effects of changes in future output are dampened with respect to an
economy with homogeneous attention, i.e., it is as if the MPC was lower. Correlated

disagreement is negative if A\, is decreasing in .

Proposition 1 summarizes the effects of correlated disagreement. If correlated disagree-
ment is zero, the economy is equivalent to a representative-agent (RA) economy with the
average level of attention \.” Interestingly, this situation occurs whenever there is no het-
erogeneity in income cyclicality or there is no heterogeneity in attention. This fact also
demonstrates that each type of heterogeneity in isolation would be irrelevant to first-order
output dynamics.

Instead, when these two forms of heterogeneity are present, there can be departures from
the RA benchmark. If attention increases with income cyclicality, then the individuals most

affected by business cycles have higher levels of attention, which implies that their beliefs

"I call this case the RA benchmark, with the understanding that under some models of beliefs, it would
require belief heterogeneity (e.g., incomplete and dispersed information or sticky expectations). However,
this type of belief heterogeneity would not be consequential for aggregate outcomes.
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move by more. This correlation then results in an amplification of general-equilibrium forces
when compared to the RA benchmark. If attention decreases with income cyclicality, then
the individuals most affected by business cycles have lower levels of attention, implying that
their beliefs move by less. Compared to the RA benchmark, this correlation results in a
dampening of general-equilibrium forces.

We can also think about correlated disagreement as affecting the effective marginal
propensity to consume out of income changes at the aggregate level. In the RA economy, the
MPC out of changes to aggregate income would be (1 — 3)),, which is the micro-level MPC
multiplied by the average attention to aggregate income changes. Instead, when correlated
disagreement is present, it is as if the MPC was (1 — 8)(1 4+ CD)A. This term is higher if
more cyclical households are more attentive and it is lower if more cyclical households are

less attentive.®

Remark 2. In this paper, I focus on the implications of correlated disagreement for aggregate
demand. However, belief disagreement naturally affects multiple dimensions of individual
deciston-making and market interaction, shaping aggregate outcomes. I focus solely on the
consequences for aggregate demand to cleanly characterize this particular channel and because
aggregate demand is known to play a crucial role in the macroeconomic transmission of
business-cycle shocks. Furthermore, stimulating aggregate demand is also the central focus

of various monetary and fiscal policies.

Propagation mechanism We can use the previous results to think about how corre-
lated disagreement affects the propagation of shocks. The main finding is that correlated

disagreement can amplify shocks if it is positive or dampen shocks if it is negative.

8The formal logic behind these results is similar to the relationship between static MPC heterogeneity
and the incidence of a change in output developed in Patterson (2019). However, note that the mechanisms
presented in this paper result from heterogeneous attention rather than MPC heterogeneity. Furthermore,
these mechanisms are related to attention to the economy’s future performance, i.e., it is an inherently
dynamic problem.
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Suppose that the aggregate shock is such that ' = p'rl, where p € [0,1] denotes the
persistence of the shock and r{f < 0 denotes the initial impulse. I am assuming the shock is
negative, which implies that the economy is entering a recession. The logic for an expansion

would be symmetrical. Using equation (3.18), we can show that the equilibrium is

plory

T 1-p{B+(1-B) 1+CD)-A}

Y (3.19)

Note that replacing A = 1 and CD = 0 this expression obtains yrIRE = plorn /(1 — p), ie.,

the full-information and rational expectations equilibrium. If, instead, we replace CD = 0

but maintain A < 1 we obtain the homogeneous-attention equilibrium:

SR dorg
L-p{B+(1-05)-A}
As it is well known, inattention (X < 1) dampens general-equilibrium forces compared to the
FIRE benchmark. This fact also implies that the response of the economy is muted versus
that benchmark, i.e., the recession is less severe yt* > yFIRE,

However, in this paper, I am interested in comparing the response of the economy with
disagreement versus the economy without disagreement keeping the average level of attention
constant, i.e., I am interested in comparing y, and y**. If CD > 0, the economy’s response
is larger than in the homogeneous attention economy. Instead, if CD < 0, the response
is smaller than in the homogeneous attention economy. The intuition for this result is as
follows. When correlated disagreement is positive, then attention and incidence are positively
correlated, i.e., the individuals who are more cyclical and thus more responsive are also more
attentive. In this case, as shown in the previous section, the general-equilibrium effects are

amplified, leading to larger cuts in aggregate consumption and, thus, a larger recession.

When correlated disagreement is negative, attention and incidence are negatively correlated,
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and the logic is exactly reversed.
To evaluate the amount of amplification generated by correlated disagreement, I define
amplification as the proportional response relative to the RA benchmark:

_ ., RA
At = —yt yt .

3.20
YA (3:20)

Proposition 10 summarizes the main results regarding the amount of amplification generated

by correlated disagreement.

Proposition 10. Suppose that r}* = p'ry, then amplification, as defined in equation (3.20),

1s constant over time and given by

_ (1-p)p-CD-A
1—p{B+(1—p)(1+CD)- A}

(3.21)

t

Furthermore,
1. Amplification is increasing in correlated disagreement, dA;/dCD > 0.

2. Amplification is increasing with persistence, p, if and only if correlated disagreement is

positive, sign(dA:/dp) = sign(CD) .

3. Amplification is decreasing with the discount factor if and only if correlated disagree-

ment is positive, sign (dA;/dB) = —sign(CD) .

Proposition 10 shows that when correlated disagreement is positive, the response of
output in the economy is amplified by the presence of disagreement. Instead, when correlated
disagreement is negative, the response of output in the economy is dampened by correlated
disagreement. Furthermore, I also show that the higher is correlated disagreement, the more
amplification is generated, which follows from the logic described above. Finally, I provide

two additional results.
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First, I show that the effect of shock persistence, p, depends on the sign of correlated
disagreement. If correlated disagreement is positive, higher shock persistence leads to further
amplification. Instead, if correlated disagreement is negative, higher persistence leads to less
amplification. This result follows from the fact that the higher the shock’s persistence, the
stronger the effect of expectations about the future in determining present consumption. As
a result, the correlated disagreement propagation mechanism is stronger the more persistent
shocks are.

Second, I show that the effect of a higher marginal propensity to consume, i.e., a lower
discount factor, also depends on the sign of correlated disagreement. A higher marginal
propensity to consume, if correlated disagreement is positive, leads to larger amplification.
Instead, if correlated disagreement is negative, higher MPCs lead to less amplification. A
higher marginal propensity to consume makes the general-equilibrium effects through which
correlated disagreement operates more relevant. It follows that, with a higher MPC, the
impact of correlated disagreement is more substantial. Thus, if CD is positive, it leads to
more significant amplification; if CD is negative, it leads to less amplification.

This discussion emphasizes the central role of the sign of correlated disagreement in
determining the amount of amplification in this economy. If correlated disagreement is
positive, then it amplifies business cycles. Instead, if correlated disagreement is negative, it
dampens business cycles. But what sign should we expect for correlated disagreement? It is
ex ante unclear whether the correlation between beliefs and business-cycle exposure should
be positive or negative. In what follows, I provide both theoretical and empirical evidence
on the sign of this correlation. First, I show that, with endogenous attention, correlated
disagreement is unambiguously positive. Second, I provide empirical evidence in favor of

this theoretical prediction in Section 3.3.
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3.2.5 Endogenous attention

I endogeneize beliefs by modelling attention following the sparsity-based bounded rationality
model introduced by Gabaix (2014) and further extended to dynamic programming problems

by Gabaix (2016).% T assume that

Ei [yg,tJrh} = NEi[Yg 4], (3.22)

where \; € [0, 1] is the attention to permanent income. This equation is similar to equation
(3.16) but cast in terms of individual beliefs. When \; = 0, this person “does not pay
attention”, and so their belief is just equal to their default belief. When A\; = 1, this person
“pays full attention” and has FIRE beliefs. When \; € (0,1), they have a partial perception
of the true value of income.

Attention and consumption-savings decisions are made as follows. In the first ex-ante
stage, individuals choose their optimal level of attention ); to minimize expected inattention
costs due to misoptimized consumption-savings choices, plus a cognitive cost of attention
kA;, where k > 0. Assuming that the cost of attention is linear simplifies the exposition but
is not central and can be easily generalized. In the second stage, shocks realize, and beliefs
are determined by equation (3.22). Given these beliefs, individuals make their consumption
and savings choices at each date, which implies that consumption is given by equation (3.11)

replacing beliefs.

Remark 3. A strict interpretation of this behavioral inattention model requires the assump-
tion that individuals are boundedly rational in the second stage. Otherwise, they would be
able to infer the correct beliefs using their knowledge of \; and E;¢[yi+1]. In the language of

Gabaiz (2019), this model features deterministic attention and action. Instead, a large litera-

9A useful review of models of behavioral inattention can be found in Gabaix (2019).
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ture considers models where agents optimally choose to receive noisy signals, as in models of
rational inattention in the tradition of Sims (2003). In this tradition, individuals need not be
boundedly rational in the second stage. However, this type of orthogonal noise in forecasts is
not consequential for the aggregate implications of the model in this paper. So, for simplicity
of exposition, I eliminate the noise. A further consequence of this assumption is that agents
do not have any uncertainty regarding their point forecast. Because I restrict attention to
the first-order effects of shocks, this implication is also not consequential for the aggregate

dynamics in this economy.

As in Gabaix (2016), I assume that people choose their optimal level of attention to
minimize the second-order losses from inattention relative to the full-information level of
utility. In Appendix C.1.4, I show that, to second order, the costs of inattention are given
by:

Cyn) = LTV SN 0 D gy ey (3.23)

where 0%v/dc* = S71/(1) is the utility cost of consumption misoptimization, dc/dY; =
(1 — 3)B" denotes the response of consumption today to an increase in income in h periods,
i.e., the individual intertemporal marginal propensity to consume, and oy, ; denotes the
perceived covariance between aggregate output at horizons h and h.

Intuitively, this formula can be read as follows: %30;1,11 denotes the expected magnitude of
the changes to income, (1—);) captures the extent of inattention and the MPC captures how
these expectational mistakes translate into consumption decisions. Finally, %% captures
how these forecast errors matter for individual utility losses.

I also assume that attention creates a psychological cost. For simplicity, I assume that

this cost is linear xk\;, for k > 0. The optimal attention then solves

i ; ;e .24
/\fg[lg,ll] Cy(Ni) + kA (3.24)
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Proposition 11. Optimal attention is given by

K
A=A, =max<0,1— — ¢, 3.25
where A = —%% Yo iy 387138720}1,}}- This expression shows that Ay is increasing in 7.

Proposition 11 shows that optimal attention is increasing in income cyclicality. This
result is intuitive: since more cyclical people have more volatile incomes, they would suffer
more from not paying as much attention to changes in economic conditions. As a result,
they optimally choose to pay a higher psychological cost to pay more attention. With linear
costs, it may be true that individuals with very low income cyclicality decide not to pay any
attention.

Note that, under the assumptions in Proposition 11, we find that the correlated disagree-

ment term is constant over time and always positive:

CD = Cov (74, Ag/A) > 0.

Corollary 3. If attention is endogenous and given by (3.25), then correlated disagreement is
positive, CD > 0. This fact implies that the effects of changes in future output are amplified

with respect to an economy with homogeneous attention.

Endogeneizing attention implies that general-equilibrium effects are amplified relative to
the RA benchmark with homogeneous attention. As a result, considering the determinants
of heterogeneous attention implies that discount-factor shocks are amplified. In other words,
disagreement behaves as a propagation mechanism amplifying the effects of shocks on the
economy.

The lesson behind this model is more general than the simple framework considered

here. First, the lesson that attention increases in individual exposure to shocks is general
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and also holds if one considers different models for endogenous attention, such as rational
inattention. Second, the implication that this type of correlation should also predict a larger
response than would be obtained in a simple homogeneous attention model also has broader

implications than just for the framework considered here.

3.3 Forecast errors and income cyclicality

In this section, I present empirical evidence in favor of the main implication that correlated
disagreement is positive. For this purpose, I use microdata on household expectations from
the Survey of Consumer Expectations (SCE),' and to measure realized outcomes, I use the
Current Population Survey (CPS).!! The SCE is a household panel surveying expectations
that has been running since 2013 and covers around 1,300 households each month. For
comparability with the model, I use mean forecasts for one-year ahead own income growth,
as measured by the New York Fed using the response to question 24.!2 T consider the
magnitude of forecast errors as a function of income cyclicality. To show why forecast errors
are informative of the level of attention of these individuals, I need to introduce some more
notation.

Let Ay;+n = Yit+n — Vir denote individual income growth, then the individual forecast
error is defined as follows:

FEz‘,t = Ayi,t+h - Ei,t[Ayi,t+h]~ (3-26)

10This data is publicly available from the New York Federal Reserve Bank (NYFed) website: https://www.
newyorkfed.org/microeconomics/sce#/.

"This data can be obtained from IPUMS, see Flood et al. (2021).

12This question asks individuals to suppose that, in 12 months, they are still working the same job and
then report the probability that their income growth falls within various ranges. The NYFed estimates a
probability density function using the method described in Engelberg et al. (2009).
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Note that, under the assumptions on beliefs in Section 3.2.5, we can write
FE;: = (1 = X)E[Ayirn] + iton = (1 — XN)VE[Ayein] + €itins (3.27)

where €; 111 = Ayitrn — Ee[Ay; ) denotes the unforecastable component of income growth.
I derive the relationship between the magnitude of forecast errors, FEit, and income
cycliality as follows. Fixing an individual, the expected magnitude of forecast error is given

by:
E [FE?,] = (1= X\)*C + 07

i,e)

where ais denotes the variance of €; ;45 and C'is a strictly positive constant. So, the expected
magnitude of forecast errors can decrease in cyclicality only if \; increases in «;. The intuition
for this result is as follows. First, note that keeping attention constant, higher cyclicality
means that the magnitude of forecast errors rises via a mechanical effect on the variance of
income growth. If attention is not increasing in ;, then the magnitude of forecast errors
unambiguously increases. If attention is increasing in income cyclicality, then it provides a
force in the opposite direction, pushing the magnitude of forecast errors closer to zero. Only
if this opposing force is sufficiently strong is it possible to observe the magnitude of forecast
errors declining with ;.

In evaluating this implication in the data, the ideal experiment would be to be able to
know individual income cyclicality and match that to belief data. However, due to data
constraints, this is not possible. Instead, I exploit the state-level dimension to merge the
two separate surveys.

First, I construct the state’s average income elasticity 7g, using individual-level regres-
sions to back out elasticities at the industry level using detailed micro-data on individual
income growth from the Current Population Survey (CPS). I then aggregate these elasticities

using state industry shares also measured in CPS data. More details about this procedure
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Figure 3.2: Income cyclicality and the magnitude of corrected-forecast errors

2

Sq. Forecast Error

State Avg. Elasticity

B = -1.63** (0.68)

Notes: This figure shows the relationship between states’ average income cyclicality and the magnitude of
forecast errors. See text for more details.

can be found in appendix C.2.2. Then, using the SCE, I construct the average income growth
forecast at the state level by aggregating all forecasts within a quarter, Eg[Ay; 4n] where
S stands for state and ¢ denotes the respective quarter. In the SCE, we observe one-year
ahead forecasts, which implies that the horizon is four quarters, h = 4. Then, I use direct
observation of individuals within a state to construct the average yearly income growth using
Ayg i, using CPS data. I define the state-level corrected forecast error analogously to the

individual one

ﬁS,t = Ays,t+h - ES,t [Ayi,t-i—h]- (3-28)

The main result can be found in Figure 3.2 and is presented as a binscatter plot. This figure’s
y-axis is normalized so that 1 represents the average squared corrected-forecast-error.
Figure 3.2 shows that the magnitude of forecast errors falls with the state’s average

income cyclicality. This means that the average forecast error is lower in states with higher
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income cyclicality. The coefficient is statistically significant and economically significant: a
0.1 increase in the state’s cyclicality is associated with a decrease in the magnitude of forecast
errors by 16.3 percent on average. This result suggests that the average level of attention is
higher in states with higher levels of income cyclicality. In Appendix C.2.3, I show that this
result is robust to including a variety of controls including quarter fixed effects, the share of

high-skill workers, among others.

3.4 Quantitative model

In Section 3.2, I emphasize the role of correlated disagreement in determining the strength of
GE effects and the amplification of business-cycle shocks. To deliver clean results, the model
in that section is intentionally stylized. In this section, I generalize the simple model in
various dimensions to evaluate the quantitative relevance of the main mechanisms described
in this paper. The extensions included in this section are done to achieve a more realistic
description of aggregate demand, the crucial object in the analysis.

The modeling approach is based on the rapidly expanding literature on Heterogeneous-
Agent New-Keynesian (HANK) models.'® T augment a standard HANK model with the two
ingredients present in the simple model. First, I assume that each household belongs to a
group g which determines their income cyclicality. Second, I assume that households may be
inattentive to future economic variables relevant to their decision-making. As in the simple

model, I choose parameters to normalize the steady-state level of output to one, Y = 1.

13See, e.g., Gornemann, Kuester, and Nakajima (2016), McKay and Reis (2016), Guerrieri and Lorenzoni
(2017), Auclert (2019), McKay, Nakamura, and Steinsson (2016), Kaplan, Moll, and Violante (2018), Werning
(2015) or Auclert, Rognlie, and Straub (2018, 2020).
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3.4.1 Households

I extend the household description in Section 3.2.3 to allow for incomplete markets and coun-
tercyclical uninsurable idiosyncratic income risk. The economy is inhabited by a continuum

of infinitely-lived households indexed by i € [0, 1].

Labor income Each household belongs to a group g = 1, ...,n. The average labor income
of group g¢ is given by:

Yg,t = thg,t7 (329)

where Ny, = T'y(N;) and v, = I';(1). To model income risk, I assume that individual
households draw idiosyncratic productivity states z;; from a finite support and with Markov
transition matrix II*. Note that this transition matrix is constant across groups. I let 7%(z)
denote the steady-state mass of households in state z and normalize productivity levels so
that > 7*(2)z = 1. If a household in group g has productivity z;,, then their pre-tax labor
income is given by

y(Zi,t7 )/g,t> = X(Zi,ta }/‘Vg,t) CZit e Yg,t7 (330)

where the function x(z,Y’) satisfies:

x(z,1) = 1. (3.31)

This function allows us to parameterize the cyclicality of income risk conveniently. The
standard assumption in models of idiosyncratic income risk is x(z,Y) = 1. In this case,
the cross-sectional variance of log-income is constant Var(log(y)) = Var(log(z)). To allow
the variance of income to vary over the business cycle, I use the simple parameterization in
Auclert and Rognlie (2018):

HClogY

X(z,Y) = S TRy (3.32)
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In this case, the cross-sectional variance of the log income of individuals in group g is given
by

Var, (log(y)) = Var (log(z)) - [1 + Clog(Yy)] .

If { is negative, recessions lead to an endogenous widening of the distribution of income, i.e.,
income risk rises during a recession and falls during an expansion. Instead, if ( is positive,
income risk rises during an expansion and falls during a recession. Recent evidence suggests
that ¢ < 0 is the empirically relevant case, see, e.g., Coibion et al. (2017) and Guvenen et al.

(2017).

Assets and budget and borrowing constraints I assume that the household can trade
one-period non-contingent risk-free government bonds. The household enters period ¢ with
a;+ assets, on which they earn the real interest rate r;. The household’s time-t budget

constraint is given by

Cip + Qi1 = (1 — 1)y(2zig, Ygu) + (1 + 1) aiy, (3.33)

where ¢;; and a;;41 denote the choices of consumption and savings, respectively, 7; is the
labor-income tax rate, and r; is the real interest rate on savings.'* I further assume that the

household is subject to a standard no-borrowing constraint

a;pr1 > 0. (3.34)

Beliefs The household must forecast the discount-factor shock, labor income, tax rates,
and the real interest rate. I maintain the assumption that people have the correct expec-

tations regarding their preference shock f3;;. Furthermore, the household’s labor income

1Note that lower-case letters now represent the level of consumption of individual 7 at time ¢ and not
deviations from steady state.
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depends on individual productivity z;; and group-average income Y ;. I assume that people
know their current productivity state and the distribution from which these states are drawn.
This assumption also means that individuals are fully attentive to idiosyncratic shocks but
may be inattentive to the aggregate shocks, which determine the aggregate component of
their labor income.!®

As in the simple model, I begin by allowing for general beliefs and write E;,[-] as the
expectation operator given household ¢’s beliefs. As before, I also assume that people know
their current level of income, taxes, and real interest rates. In this model with borrowing
constraints, this assumption is also useful in guaranteeing that these constraints are not

violated because of misperception of current income. I discuss how to endogenize attention

in Section 3.4.7.

Consumption and savings decisions The household’s consumption and savings deci-

sions are characterized by the problem:

Vigla, z) = max u(c) —v(n) + BB [V (', 2")] (3.35)
ct+a =1 —7)y(z,Y,e) + (1 +71)ai (3.36)
a > 0. (3.37)

This problem defines a consumption and assets policy function: ¢;;(a,z) and a;4(a, 2),
respectively. The term S; captures discount-factor shocks. This dynamic problem im-
plicitly assumes that the law of iterated expectations holds at the individual level, i.e.,

E;i[Eit41]-]] = Eitl-]. This implies that individuals expect not to make forecast revisions in

15The assumption of full attention to idiosyncratic income shocks is extreme. I maintain this assumption
to focus on how inattention to aggregates affects the transmission of business-cycle shocks. This assumption
also makes the computational task easier because it implies that bounded rationality does not affect the
economy’s steady state. See the discussion in Section 3.4.6.
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the future.'6

Remark 4. This model assumes that households in different groups are symmetric across all
dimensions except for their income cyclicality and expectations. In particular, I have assumed
that all households draw from the same idiosyncratic productivity distribution and have the
same discount factors. Furthermore, I assume that, in a steady state, all groups have the
same average income. It follows that groups will be perfectly symmetric in a steady state.
These assumptions also imply that the marginal propensities to consume out of own income
are the same across groups. Patterson (2019) provides evidence of a positive correlation
between income cyclicality and the marginal propensity to consume out of contemporaneous
income. In this model, I have decided to abstract from this correlation for two reasons: (1) to
emphasize the role of heterogeneous attention, and (2) because the mechanism at play in this
paper relates more to forward-looking MPC (the MPC out of income in the future) for which
we have fewer data. However, note that if these forward-looking MPC are also positively
related to income cyclicality, this will work to reinforce the mechanism which is the focus of

this paper.

3.4.2 Firms

Firms are perfectly competitive and maximize profits. They operate a linear technology:

}/;5 - @tNt7 (338)

16This assumption is also present in the anticipated-utility approach pioneered by Kreps (1998), in which
agents behave as if they believe their expectations wouldn’t change. See also Cogley and Sargent (2008) for
a further discussion.
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where Y; denotes aggregate output, N, is aggregate labor, and ©; denotes productivity. I

maintain the assumption that firms have flexible prices, which implies that the real wage is:

W,
wy, = ?; — 0, (3.39)

This equilibrium condition implies that inflation 7, = log(P;/P,_1) is given by:
Ty = ’7'(':U — log(@t/@t,l), (340)
where 71" = log(W;/W,_1) denotes wage inflation.

3.4.3 Unions and sticky wages

I follow the New Keynesian sticky-wage literature and model sticky wages via a model of
labor unions, as in Erceg et al. (2000); Schmitt-Grohé and Uribe (2005) and Auclert et al.
(2018).

There is a continuum of labor unions that determine wages and labor supply. At each
date, person i supplies n,;; hours of work to union u, where u € [0, 1] and n;; = f Ny, i AU
denotes total hours of work by person 7. Each union aggregates the efficiency hours of work
into total hours for their specific task N, ; = f X(%its Yy(i)t) - Zist - Muiedi. The union-specific

labor supply is aggregated with those of other unions by a competitive labor-market packer

1 pw—1 %
N, = ( / N, b du) , (3.41)
0

which then sells these labor services to the final goods producer at W;.

via a CES technology

In order to generate nominal rigidities, I assume that unions face a quadratic cost of

Wu,t _ 1

2
- ) , which is measured in terms of household utility. At

wage adjustment 51— (

every date, the union chooses a new wage W, ; and is required to elicit labor by each of its
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members according to a uniform rule n,;; = N,,. I assume that the union sets the wage
W, and labor supply N, to maximize the aggregate welfare valuation of its income and
labor supply. Furthermore, I assume that all unions are symmetric. So, in equilibrium, all
unions set the same wage. In Appendix C.3.1, I outline these details and show that the

linearized NK wage Phillips curve is given by:

7Ttw = Ry [U_lét + ¢_1ﬁt - (Qt — 7A_t — ﬁ,t)] + BEt[Wﬁ_l], (342)

where k,, denotes the wage-stickiness parameter, and ¢ and v denote the intertemporal
elasticity of substitution and the Frisch elasticity, respectively. Also, ¢, n; and 7; denote the
log-deviation of aggregate consumption, labor, and output from steady state, respectively,

and 7, = dr/(1 — 7) denotes the deviation of taxes from steady state.

3.4.4 Fiscal and monetary policy

I assume that the government spends {G;}, issues debt {B,}, and taxes labor income at the

rate {7;}. The government budget constraint is given by:
Gt + (]. + Tt)Bt = Tth + Bt+1. (343)

I assume that the government sets a path for spending exogenously and that government
debt is constant at its steady-state level B, = B. So, the tax 7y adjusts every period to make
this budget constraint hold. In Appendix C.5.3, I consider a more general case in which
government debt is allowed to vary over time.

[ assume that the monetary authority controls the nominal interest rate. Monetary policy
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is given by a Taylor interest-rate rule:
1+ip = (1+7)) e, (3.44)

where {r;} denotes a monetary policy shock and ¢, > 1 is the Taylor coefficient. The real

interest rate is given by:

(1+7) = (1+i)/e™. (3.45)

3.4.5 Aggregation and equilibrium

As before, aggregate demand is given by:

1
Ct:/ Ciﬂgdi,
0

and aggregate asset demand is given by:

a
A :/ az‘,t+1di-
0

Given beliefs, initial conditions on wages, government debt, and the distribution of indi-
viduals over assets and productivity states, and the path of government spending, an equi-
librium is a sequence for prices {W;, P, w, 1, 7}, aggregate quantities {Cy, Ny, Yy 1, Nyt },
policies {7, 4}, and individual allocations {c;+,n;, @;441}, such that households optimize,
firms optimality conditions are satisfied, unions optimize, the government budget constraint

is satisfied, interest rates satisfy the Taylor rule, and markets clear:

Ct+Gt == Y;& - @tNt7

At:B.
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3.4.6 Computational method

The goal is to use a calibrated version of this model to quantify the response of aggregate
variables to four different shocks: discount-factor, {f;}, government spending, {G;}, mone-
tary policy, {r;}, and productivity, {©;}, shocks. There are two features of this model that
make the computation difficult. The first is the presence of household heterogeneity with
incomplete markets and uninsurable idiosyncratic income risk. The second is the presence
of heterogeneous non-FIRE beliefs. I leverage recent contributions in the Sequence-Space
representation HANK literature by Auclert et al. (2021) and Auclert et al. (2020).

The computational strategy is to first solve for the stationary equilibrium of this economy
and then solve for the first-order impulse-response functions for a given shock in sequence

space.

Steady state In a steady state, aggregate quantities and prices are constant over time.
I assume that monetary policy sets the nominal interest rate to support the zero inflation
equilibrium, 7 = 7 = 0. In steady state, there are no shocks so 8, = 8, Gy = G, r; =r,
and ©; = 1.

I assume that the steady state is common knowledge. So, if the economy stays in a
steady state, everyone understands that the relevant variables will remain at their steady-
state levels. In other words, in a steady-state allocation, people make no errors in forecasting

aggregate income, interest rates, or taxes.!” This implies that the problem of a consumer is

17This assumption can be justified by the fact that the households have spent a long time in a steady state
and have thus learned the stationary equilibrium.
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given by:

where the expectation E[-|z] is taken with respect to the distribution of 2’ given z. Note
that group heterogeneity is irrelevant in a steady state because all groups are symmetric.
The solution to this problem determines policy rules c(a, z) and @(a, z), which determine
optimal consumption and asset holdings given the individual state variables.

Aggregate consumption and asset demand are given by:

C= Z/c(a,z)D(da,z), and A= Z/a’(a, z)D(da, z), (3.46)

where D(-,-) denotes the endogenous distribution of asset holdings and productivities. Note
also that because all groups are symmetrical, the distribution D is constant across groups

in a steady state. The market clearing conditions are:
C+G=Y and A=B.

Computing the equilibrium requires solving for quantities and prices that satisfy all agents’

private optimality, the above steady state restrictions, and market clearing.

Transition dynamics with FIRE First, I discuss how to compute the full-information
rational expectations (FIRE) equilibrium in this economy. Then, I discuss how this approach
can be generalized to models with more general beliefs.

With FIRE computing the transition dynamics would require solving for the path of each
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variable satisfying all the conditions. I use the method described in Auclert et al. (2021) to
solve the equilibrium. This requires splitting the model into “blocks” that take in specific
inputs and produce other aggregate sequences as outputs. For instance, a group-g household
block can be constructed taking in the sequences of discount factor shocks, group average
income, taxes, and real interest rates while outputting sequences for average consumption
and savings for this group.

Following Auclert et al. (2021), I construct the Jacobians, J, of each block. These Ja-
cobians summarize the partial derivative of a given output of the block with respect to that
block’s inputs. For example, one Jacobian of the household block is jgc”" = [855” JOrR]t=01....h=0.1...»
which summarizes how average demand of group ¢ at each date ¢ responds to an increase
in the real interest rate at time h. These Jacobians summarize the relevant responses of the
different blocks of the economy to every variable. They can thus be used to compute the
first-order response in this economy to various exogenous impulses/shocks. In this model,
the computationally complex components are the household blocks. I elaborate on these
blocks below.

We are interested in the response of group g’s average consumption and asset demand to
changes in the objects that are relevant to their decisions: group-average income, Yy, tax
rates, 7, real interest rates, r;, and discount factors, ;. I describe how the approach solves
for changes in average consumption demand, with the understanding that similar expressions

can be written for asset demand. The response of average consumption is given by:
dég = ‘-7gC’Y : dYg + ngJ : dT + jgch ’ dr + "790”8 ' dﬁ? (347>

where bold letters denote the column-vector of realizations of that variable for each date,
/
eg., Y, = |:}/g,0 Y1 } . Auclert et al. (2021) provide efficient ways of computing the

relevant Jacobians that matter to solve for the response of this average consumption. We
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can then aggregate these blocks to find aggregate demand:

dC =Y 7,dC,. (3.48)

g
It follows from the fact that all groups are symmetrical in a steady state that the partial
equilibrium responses summarized by the Jacobians are the same across all groups, i.e.,
jgc’X = JYX for each variable X. Furthermore, as before, we know that dY, =v,-dY. As

a result, the change in aggregate consumption is given by:

dC = 7y [T - dY + T - dr + JO7 - dr + TP - dB]

g

=JY dAY + T dr + T - dr+ TP - dB,

where the equality follows from the fact that > s TgYg = 1. This result shows that, with
FIRE, the aggregate demand response in this economy is exactly the same as in an economy
without group income cyclicality heterogeneity. Intuitively, as in the simple model, this is
a consequence of the fact that the average marginal propensities to consume are the same

acCross groups.

Transition dynamics without FIRE However, the goal of this paper is to be able to
compute the equilibrium in this economy for more general beliefs, which need not coincide
with the realization (people may make forecast errors), which may be heterogeneous (to
capture disagreement), and may change over time (to capture learning). In this section, I
discuss how, under some restrictions, the Jacobians of the household block can be computed
at almost no additional computational cost from the FIRE Jacobians. The central insight
and computational method used here were originally developed in Auclert et al. (2020).

The computational complexity arises from the fact that, without FIRE, the average
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consumption function of group ¢ is a function not only of the realized path for each input
but also of the entire distribution of beliefs that individuals hold about this path at every
point in time. Auclert et al. (2020) show that, assuming that the distribution of beliefs
is orthogonal to the individual states (a, z), the Jacobians without FIRE can be computed
directly from the FIRE Jacobians at almost no extra computational cost.

In this paper, I use a different representation of the Jacobians without FIRE from the one
in Auclert et al. (2020). This representation is also used in Bardéczy and Guerreiro (2023),
where the equivalence between the alternative forms is discussed in detail.!® The response

of group ¢’s consumption can be written as:

dCy= Y |TON ByoldX]+ Y R{ - (EguldX] — By [dX]) | (3.49)
Xe{Y,rrB} Initial belief t21 Forecast Re\;gion at time ¢t

where E,,[] denotes the average expectation of group g at time ¢ and

0 0
0; jC’,X

o.X
R =

Note that if the cross-sectional distribution of beliefs is orthogonal to the distribution of
idiosyncratic states (a, z), then all that matters to first order is the response of average beliefs
in group ¢g. This assumption is essential in allowing us to compute the relevant Jacobians, R,
from their FIRE counterparts, J. The FIRE Jacobian multiplies the initial beliefs £, [-] and
transformations of this Jacobian then multiply the successive forecast revisions that people
make at each date t, E,;[dX] — E,; 1[dX]. Note that, by construction, the ¢ element of the
forecast revision is the forecast error, i.e., the t-th element of the vector E, [dX] —Fy;_1[dX]

is dX;— F,:—1[dX:]. So, the forecast revision term also captures the impact of forecast errors.

18Tn Appendix C.3.2, I briefly present the details behind these results.
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This expression has a natural interpretation. Note that the FIRE Jacobian J¥* multi-
plies the initial beliefs. Because the shocks are unanticipated, the initial response in beliefs is
unanticipated both under FIRE and for any other model of beliefs. It follows that the slopes
that determine the response to the initial change in beliefs are always the same. However,
as time advances, people can learn more about the shocks and revise their beliefs. Forecast
revisions would never happen under FIRE because people have perfect foresight. Without
FIRE, people change their views over time as they suffer forecast errors and learn more.
These successive forecast revisions lead people to adjust their consumption behavior relative
to their original plan. The slopes which determine the revision in consumption decisions are
captured by the matrix th ’X, where t denotes the time in which the forecast revision occurs.
This matrix implies that there is no consumption response prior to date t. This result follows
from the fact that people could not have anticipated the forecast revision before date ¢ when
those decisions were taken. Furthermore, the way in which consumption at current and
subsequent dates is revised is captured exactly by the FIRE Jacobian J%X. Intuitively, this
result is also a consequence of the fact that the forecast revision was not anticipated. The
response in current and future consumptions to the forecast revision is the same as if these
had been time-0 belief updates, approppriately shifted. To further develop these intuitions,
I now discuss two particular cases.

First, suppose that beliefs are never updated. Then, E,,[dX] = E,([dX]. Since E, ;[dX;] =
dX;, it follows that E,[dX] = dX, i.e., the initial beliefs were correct. It follows that in
this case households consume exactly the same at every date as if they had full information
and rational expectations. More generally, households may make forecast revisions and er-
rors. However, at time 0 they do not anticipate any forecast error and so they make their
consumption decisions as if the initial beliefs were fully accurate. This logic shows why the

FIRE Jacobian multiplies the initial beliefs.
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Now, suppose that beliefs are revised at some date ¢:

Eg,t[dX] - Eg,t—l[dX] =10 ... X;— Eg,t—l[Xt] Eg,t[Xt—H] - Eg,t—l[Xt-H]

. . .. . . C,X . .
The consumption response to this forecast revision is given by R,”". For instance, its

implications for consumption at time ¢ are given by

e
0Xy

h>0

REX. (Eg,t[dx] - Eg,tfl[dX]) =

t’(t’:) ’ (Egvt[Xt+h] - Egvtfl[Xfﬂ’h]) .

Note that the way in which time-t consumption responds to a forecast revision is exactly
the same as the way in which time-0 consumption would react to an unanticipated perfect-
foresight shock under FIRE. Intuitively, this result follows from the fact that the forecast
error could not have been anticipated, and so, to first order, it leads to the same consumption
response as if it was a time-0 unanticipated shock.

To impose more structure, suppose that beliefs respond proportionally to the full-information

and rational expectation: Fg,t [dXi1n] = AgendXi1n. Under this assumption, we can write:

B, ldX] = AydX, (3.50)
where Ay, = diag ({1, ..., 1, \t1, Adeo, ... }) is a diagonal matrix. It follows that:

dC, = > J&NdX, (3.51)

Xe{Y,r,r,8}

where ngX =JO% A+ > s REX. (Ag+ — Ayi—1) are simple manipulations of the FIRE

Jacobians.
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3.4.7 Optimal attention

As in the simple model, I endogenize beliefs following Gabaix (2016). I extend that model

by assuming that:
Ei,t[dXt-i-h] - )\Z),(h . ]Et[dXt—l—h] + (]. - Ai(h) . Ei,t—l[dXt+h]7 (352)

with initial condition E; _1[dX:is] = 0. The additional term implies that individuals learn
over time, so new information accumulates to past knowledge. I also allow the attention
variables to depend on the forecast horizon, allowing individuals to have more accurate fore-
casts regarding variables that are closer in time than those that are farther away. However,
I maintain the assumption that attention for all states and periods is chosen once and for
all in the pre-period, and households cannot re-optimize this plan in future times or states.

In Appendix C.3.3, I show that the utility cost of inattention takes a similar form to that

found in the simple model:

10%v(c(a, 2); a, 2) dc(a, z) Oc(a, z) X <
C9<)‘i7 a, Z) - _5 Dc2 X;LE 0X,, GXﬁ (1 o )\i,h) <1 o )\1,}}> OXh,Xﬁa

(3.53)
where ¢(a, z) denotes the steady-state policy function.

The utility costs of inattention are now a function of the idiosyncratic asset and produc-
tivity states. I assume that the attention costs are linear £*\Y,. The cost of attention does
not depend on the horizon but may depend on the variable being forecasted. This assumption
will allow us to calibrate the model to match survey-data facts, see Section 3.4.8.

I assume that attention is chosen once and for all, to minimize ex-ante expected costs of
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inattention weighted by the ergodic distribution, i.e.,
A = arg m}%n Z / Cy(N, a,z)D(da, z) + Z AN, (3.54)
z X,h

This assumption implies that attention is constant for all members of group g, A; = A4 and
so beliefs are orthogonal to asset and productivity states. Under this assumption, we can
use the computational method discussed in the previous section.

Following Gabaix (2014), I make the simplifying assumption that people believe the
correlation across variables to be zero.!? This assumption implies that the optimal attention

can be easily solved and it is given by:

I{Y

A, =max{0,1— (3.55)
g:h 02v(a,z) [ Oc(a,z) 2 2
> f acZ ( ) D(da,z)~7§ay

and

/fX

A, =max ¢ 0,1— (3.56)
5 82v(a,z) [ 9c(a,z) 2
> f dc2 ( Xy, ) D(da, z) - 0%

for X =7,7.

Forecast errors Note that an individual’s forecast error in predicting a variable h

periods ahead is given by:

X

X
)\z,h

FEE),(t,Hh = Xipn — Ei,t[Xt+h] = FRz Lt+h + 5t Jt+ho

9Tn the appendix, I generalize these results to allow people to perceive correlations across variables. The
results are consistent with the ones in the baseline model.
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where 5?2 o = X — Ey [Xi4n] denotes the unpredictable component of forecast errors and
FRz‘),it,tJrh = B[ Xieon] — Big—1[ Xyl

denotes the individuals forecast revision at time ¢. This result means that it would be possible
to obtain individual attention, )\fh, from the regressions of forecast errors on forecast revisions

in Coibion and Gorodnichenko (2015), Bordalo et al. (2020), and Angeletos et al. (2021).

Remark 5. In endogenizing attention, I assume that beliefs are chosen in an ex-ante stage,
so they are not conditional on individual productivity and asset states. As discussed in the
previous section, this assumption greatly facilitates the computational task. It is unclear how
allowing for a correlation between (a, z) would affect the results in this paper. In this remark,
I briefly comment on the consequences of allowing for this correlation.

On the one hand, individuals with fewer assets or lower productivity are more likely to
be borrowing constrained. It follows that they have lower MPC out of future income. In
the limit, a borrowing-constrained individual has a zero MPC out of future income. All else
equal, this fact would imply that individuals with fewer assets or lower productivity have a
lower incentive to pay attention to changes in future income than individuals with more assets
or higher productivity. Similar logic to heterogeneous income cyclicality would generate an
even stronger correlation between attention and responsiveness, reinforcing the results in this
paper.

On the other hand, individuals with lower assets and productivity also have higher marginal
utility of consumption. It follows that consumption misoptimization is more costly for these
indiwiduals than for individuals with more assets or high productivity. This force would then
work in the opposite direction mitigating the correlation.

In general, it is not clear which force dominates. Therefore, I think of the assumptions

here as a useful and conservative benchmark to study the implications of heterogeneous in-
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come cyclicality.

Finally, note that we can write beliefs of an individual in group g at time ¢ as E; ;[dX; 5] =

dXp if h <0 and

s—1
l t dXt-i-h Z )‘g h+s H g h+m dXt-HL? (357)
s=0 m=0

if h > 1. It follows that this framework fits into the framework in equation (3.50).

3.4.8 Calibration

I first discuss the calibration of the economy’s steady state and then elaborate on the cal-
ibration of the remaining parameters. The model is calibrated to a quarterly frequency.
In steady state, I shut down shocks. So productivity is normalized to one © = 1, the dis-
count factor is equal to its steady-state value 3, government spending is constant GG, nominal
interest rates are equal to real interest rates ¢ = r, and inflation is zero m = 7% = 0.

Table 3.1 shows the calibrated parameters relevant to compute the steady state. I assume
the household’s utility function has constant elasticity over consumption and labor. This
means that u(c) = ¢"=7 /(1 — 6~ ') where o is the intertemporal elasticity of substitution.
Following Auclert et al. (2018), I set this elasticity to 0.5. The disutility of labor is given by
v(n) = En'7 /(1 + 1Y), where ¢ is the Frisch elasticity. Following Chetty et al. (2011),
I set the Frisch elasticity to 0.5 and calibrate the disutility parameter ¢ so that the steady
state features zero inflation with Y = N = 1. This calibration yields £ = 0.64.

The productivity shocks are drawn from a discretized AR(1) process with persistence
p. = 0.95 and standard deviation o, = 0.5, which is in line with the parameters traditionally
used in the literature. I set the interest rate to an annual rate of 2 percent or 0.5 percent

quarterly. The government spending-to-GDP ratio is calibrated to 16 percent. I choose the

level of assets-to-GDP and the discount factor to match an average marginal propensity to
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consume of 0.25. This yields B/Y = 1.92 and = 0.97, which is in line with the values

found in the literature.

Table 3.1: Calibration

Parameter Description Value Param. Description Value
o IES 0.5 r Real int. rate 0.5%
P Frisch 0.5 G/Y Spending-to-GDP 16%
Pz Persistence z 0.95 B/Y Assets-to-GDP 1.92
0y St. Dev. z 0.5 I3 Discount factor 0.97
¢ Cyclicality of income risk -0.5 O Taylor Coefficient 1.5
Kw Wage rigidity 0.0062 PB [ shock — Persistence 0.9
oG Spend. shock — Persistence 0.91 Pr r* shock — Persistence  0.89
Po Product. shock — Persistence  0.98 13 Labor disutility 0.64

I assume there are 14 household groups, n = 14, one for each census industry group. The

estimation of the elasticities -, follows the procedure described in Appendix C.2.2. I assume

that the group shares 7, are equal to the shares of each industry in the US economy in 2018.

I also use CPS data to estimate these shares. The results can be found in Table 3.2.

Table 3.2: Group shares and income cyclicality

Industry g Yq Industry g Vg
1 Agriculture, Forestry, Fishery 1.76%  0.05 8  Non-durable Man. 4.35%  0.80
2 Public Administration 5.84%  0.12 9  Durable Man. 7.60% 1.44
3 Bus. and Repair Services 7.10% 0.14 10 Retail Trade 14.69% 1.77
4  Prof. and Related Serv. 30.90% 0.43 11  Wholesale Trade 2.63%  2.26
5 Mining 0.58% 0.48 12 Personal Services 2.39% 241
6 Transp., Commun., Public Util.  7.34%  0.59 13 Finance, Insur., Real Est. 7.02% 2.45
7  Construction 6.09% 0.62 14  Ent. and Recr. Serv. 1.70% 4.24
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Following Auclert and Rognlie (2018), I assume that ¢ = —0.5, which implies that in-
come risk is countercyclical and provides a good fit to the empirical findings with a single
parameter. Furthermore, I assume that the Taylor coefficient is ¢, = 1.5, which is standard
in the literature. Consistent with the findings in Hazell et al. (2022), I set the wage flexibility
parameter to x,, = 0.0062.

I calibrate the attention cost parameters so that the average level of attention matches
the regression results in Bordalo et al. (2020). To match these results, I calibrate the cost
parameters £k~ so that X?; = 0.69 and X; = 0.45. Because there are no forecasts for the tax
rate, I cannot obtain X; in this way. Instead, I assume that attention to taxes is the same
as attention to the aggregate component of income.

I consider four different shocks: to discount factors, 3, to government spending, G, to
the monetary policy rate, r*, and productivity, ©. For each shock, I assume that the initial
impulse evolves geometrically over time X;.1 = pxX;, where px captures the persistence
of the shock. I set the persistence for each shock in line with standard parameters in the
literature. The persistence of discount factor shocks is set to 0.9, see Justiniano et al. (2010).
The persistence of government-spending shocks is set to 0.91, see Auclert et al. (2018). The
persistence of monetary policy shocks is set to 0.89, as estimated by Auclert et al. (2020).
Finally, I set the persistence of TFP shocks to 0.98, which captures an oil shock in reduced
form, see Blanchard and Gali (2007).

Remark 6. Note that the model calibration does not directly use the empirical findings in
section 3.3. Instead, I calibrate the model to a standard target in the literature and let
the forces at play in the model determine attention heterogeneity. I do not pursue a more
data-driven approach to recovering heterogeneous attention for three reasons. First, due to
data constraints, I cannot conduct the analysis in Section 3.3 directly at the sector level,

which could allow us to recover attention at the sector level. It is not easy to back out
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these attentions from state-aggregated data due to time-varying state characteristics, such
as industrial composition. Second, because we do not have multiple forecast horizons in the
SCE, we cannot compute the necessary forecast revision statistics which allow us to run
the regressions in Coibion and Gorodnichenko (2015), Bordalo et al. (2020), and Angeletos
et al. (2021). Finally, calibrating to the SPF’s empirical findings has become standard in
the literature. So, this choice also mazimizes the comparability of my results to those in the

literature.

3.4.9 Quantitative results

In this section, I present the main quantitative findings. I begin by discussing the optimal
level of attention generated by the model. I then discuss how heterogeneous attention impacts
the response of group demand to changes in aggregate income. Finally, I present the main

quantitative results on business cycle amplification.

Optimal attention Figure 3.3 displays the optimal level of attention to income, taxes,
and interest rates on the left, middle, and right panels, respectively, for four different groups
g=3,5,8, and 13.

As expected from equation (3.56), the optimal attention to tax and interest rates is not
affected by income cyclicality. So, all groups have the same levels of attention for every
horizon. Instead, attention to changes in income depends on income cyclicality. Workers
in more cyclical occupations choose a higher level of attention than workers who are less
exposed to changes in aggregate conditions. We see that people in g = 13 are very close to
full attention. Instead, people in ¢ = 3 have such a low cyclicality that they optimally devote
no attention to the aggregate component of their income from A = 2 on. In this model, people
only disagree about income changes, not tax or interest rates. It would be easy to modify

the assumptions to allow for disagreement about these other variables. However, since all
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Figure 3.3: Optimal attention
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Notes: This figure displays optimal attention in the quantitative model for four different household groups
g = 3,5,8 and 13, where v3 = 0.14, 75 = 0.48, 73 = 0.8, and 13 = 2.45. The left panel displays attention
to the aggregate component of income at various horizons, the middle panel displays attention to tax rates,
and the right panel displays attention to real interest rates. See text for more details.

agents respond equally to tax and interest rate changes, this form of disagreement would not
affect aggregate outcomes in this economy.

Overall, we see that attention decreases with the horizon h of the forecast. The reason for
this result is that shocks to variables that are far in the future have a lower impact on present
decisions than shocks to variables that are closer in time, e.g., the marginal propensity to
consume out of income two quarters ahead is higher than the marginal propensity to consume
of income ten quarters ahead. As a result, people devote less cognitive effort to forecasting
far-off variables. At far enough horizons, the value of predicting a variable is so tiny that
individuals choose not to pay any attention, so )\gfh — 0 and A — oo. It is interesting to note
that an additional contribution of this framework is to provide a microfoundation by which
people behave as if they had finite planning horizons as in Woodford (2018) and Woodford

and Xie (2019, 2022).
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Response to aggregate income changes How does inattention affect the response of
consumption to increases in aggregate income? To shed light on this question, in Figure 3.4,
I compare the full-information and rational expectations response to an increase in income
at time 5, with the response obtained in the economy with heterogeneous attention, for two
groups g = 3 and g = 13. 1 also compute these responses in the counterfactual economy
in which all individuals have the same level of attention (homogeneous attention), which

coincides with the average level of attention in the baseline economy.

Figure 3.4: Consumption response
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Notes: This figure displays the fifth column of the Jacobian multiplied by 4, or the partial-equilibrium
response of consumption to an increase in aggregate income at time 5, of two groups: g = 3 in the left panel
and g = 13 in the right panel, to an increase in aggregate income at time 5. For each group, the figure plots the
response of consumption under full information and rational expectations (FIRE), heterogeneous attention

(Baseline), and the counterfactual homogeneous attention (Homogeneous attention), which assumes that all

agents have the same level of attentiveness.

Note that the shape of the FIRE responses in the two panels is exactly the same but they

have different magnitudes. This result follows from the fact that, under FIRE, the Jacobians
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are the same for all groups. The different magnitudes result from the fact that an increase
in aggregate income has a higher impact on the incomes of households with higher income
cyclicality than for households with lower income cyclicality.

The same facts regarding the shape and size of the response are true for the economy
with homogeneous attention. However, relative to the FIRE response, we see that the initial
impact is dampened, i.e., agents consume less in anticipation of higher income in the future.
Since individuals are inattentive, they do not fully incorporate how much their future income
is rising into their present decicions. So, they do not consume as much early on. Since they

have dissaved less relative FIRE, the increase in consumption at time 5 and subsequent dates

is higher.
Figure 3.5: Consumption response for all groups
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Notes: This figure displays the partial-equilibrium response of consumption for all groups to an increase in
aggregate income at horizons 5 and 20 in the left and right panels, respectively. The figure also displays
the response that would be obtained under homogeneous attention. The responses are divided by «y, for
comparability.

Instead, the consumption responses to an increase in aggregate income in the baseline

economy are quite different. The differences are not just in magnitude but also in their shape.
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The low cyclicality group chooses to pay almost no attention to this income component. So,
they do not increase consumption before time 4. At time 4, they become aware that there
will be some increase in their future income, and so we see a mild response in average
consumption. At the moment of the income increase, they finally become fully aware and
increase their consumption. Because they have not consumed as much in earlier periods,
they have not dissaved, so their consumption increase and time 5 and subsequent dates is
higher relative to FIRE or homogeneous beliefs. Instead, the high cyclicality group displayed
on the right panel has a very high level of attention to Y5. As a result, their consumption in
the baseline economy is essentially the same as under FIRE.

Figure 3.5 displays the response of consumption for all groups to an increase in aggregate
income at two horizons h = 5 and h = 20. For comparison, I also plot the same response in
the counterfactual economy with homogeneous attention. I divide the responses by «, to fit
the same scale. We can see that the message from the analysis above extends to all groups.
Generally, the higher the cyclicality of a group, the higher their level of attention. This fact

implies a higher consumption response before the income realization.

Amplification of Business Cycles How does disagreement affect the transmission and
propagation of business cycles? In Section 3.2, I argue that heterogeneous attention can
amplify discount factor shocks in a simple model with rigid wages. I now discuss how
disagreement affects the amplification of business cycles in the quantitative model. For
example, I show that the impact of an oil shock interpreted in the model as a productivity
shock with high persistence can be amplified on impact by over 17 percent.

I compute the response of the economy in response to four different shocks: discount
factor, B, government spending, G, interest rate, r*, and productivity, ©, shocks. For each
of these, I compute the impulse response function to an innovation at time 0 dissipating

with persistence p,, where pg = 0.9, pc = 0.91, p, = 0.89, and pg = 0.98. I compute the
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Figure 3.6: Business-cycle amplification
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Notes: This figure displays amplification in the response of output, as defined in equation (3.20). I con-
sider the response of the economy to four different shocks: a discount-factor shock in the top left panel, a
government spending shock in the top right panel, an interest rate shock in the bottom left panel, and a
productivity shock in the bottom right panel. See text for more details.

impulse response function under heterogeneous attention and in the counterfactual economy
with homogeneous attention and use them to compute amplification as in equation (3.20).

Figure 3.6 displays the amount of amplification for each date t. We find that the cor-
related disagreement mechanism can significantly amplify the output response on impact.
Discount-factor and government spending shocks can be amplified almost 10 percent, while
interest rate shocks are amplified by over 14 percent, and productivity shocks are amplified
by over 17 percent.

As highlighted in the simple model, the amount of amplification generated by correlated
disagreement increases in the shock’s persistence. To see this, Figure 3.7 displays impact
and cumulative amplification for each of these shocks. Impact amplification is defined as Ag

as in equation (3.20). Cumulative amplification summarizes the extent of amplification for
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the whole impulse response function, and I define it as:
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Figure 3.7: Business-cycle amplification: The role of persistence
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(3.58)

Notes: This figure displays impact and cumulative amplification in the response of output as a function of
the persistence of the shock. Impact amplification is defined by Ag, and cumulative amplification is defined
as (3.58). I consider the response of the economy to four different shocks: a discount-factor shock in the
top left panel, a government spending shock in the top right panel, an interest rate shock in the bottom left
panel, and a productivity shock in the bottom right panel. See text for more details.

Figure 3.7 shows that impact amplification in the quantitative model can increase sub-

stantially with shock persistence. The amplification of discount-factor and spending shocks

almost increases to over 18 percent, while it is as high as 25 percent for productivity shocks.

Interest rate shocks are amplified by over 30 percent.
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The role of monetary policy In this model, disagreement amplifies the response
of output because it affects the response of aggregate demand to the general-equilibrium
income channel. The strength of this channel crucially depends on how strongly monetary
policy reacts to inflation. So, a natural question is how monetary policy affects the amount
of amplification resulting from correlated disagreement. To answer this question, Figure 3.8
reconsiders the exercise of Figure 3.7 but with a lower Taylor coefficient of ¢, = 1.1 instead

of 1.5.

Figure 3.8: Business-cycle amplification: The role of monetary policy
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Notes: This figure displays impact and cumulative amplification in the response of output as a function
of the persistence of the shock when the Taylor coefficient is reduced from ¢, = 1.5 to ¢, = 1.1. Impact
amplification is defined by Ay, and cumulative amplification is defined as (3.58). I consider the response of
the economy to four different shocks: a discount-factor shock in the top left panel, a government spending
shock in the top right panel, an interest rate shock in the bottom left panel, and a productivity shock in the
bottom right panel. See text for more details.

Comparing Figure 3.8 to 3.7 shows that there is much stronger amplification if the mon-
etary policy response to inflation is weaker. The response to an oil shock is now amplified

by almost 30 percent on impact and similarly if evaluated in terms of cumulative effects.
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When monetary policy response is weaker, a more significant share of general-equilibrium
forces operates via the income channel. This fact means that the correlated disagreement
mechanism has a larger role when monetary policy is relatively unresponsive, leading to more

considerable amplification.

3.5 Fiscal policy

In this section, I analyze the impact of correlated disagreement on the transmission of fiscal
policy. In particular, I analyze how the composition of government spending can affect the
size of the spending multiplier. I conduct this analysis from a purely positive perspective
and do not consider the welfare and distributional consequences of this policy. It is well
known that the desirability of stabilizing spending policy in stimulating aggregate demand
depends crucially on which other constraints are imposed on monetary policy and other fiscal
instruments. In this section, I do not try to assess the desirability of government spending
policy.

To highlight the central intuition, I first analyze fiscal policy in the simple model of

Section 3.2. I then evaluate these results quantitatively in Section 3.5.2.

3.5.1 Fiscal policy in the simple model

I extend the model in Section 3.2 to include government spending {G,} and proportional
labor taxation {r;}. For simplicity, I assume that there is no government debt, so the

government runs a balanced budget. The government budget constraint is given by:

Gt = TtY;g, (359)
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and the modified household budget constraint is given by:
Cit+Aipmi=0—7) Yo+ (1 +7)Ai. (3.60)
The market clearing condition is now given by:
Ci +G =Y. (3.61)
For simplicity, I assume that steady-state spending and taxes equal zero.

Untargeted spending 1 first assume that the government buys units of the final good.

In Appendix C.4.1, I show that to first order the individual demand can be written as:

Cio=1=8)_ B"Eislgarn — mien] + (1= B ais + 0y BT, (3.62)
h=0

h=0

Suppose furthermore that beliefs for income and taxes are proportional to their realized

counterpart, E; [yg14+n] = )\;/ygﬂh and E; [Ti4n] = AjTern. Aggregate demand is given by:

== A1+ CD) Ny =Nl +0 A, (363)
h=0 h=0
where CD = Cov (79, )\;/ /XY> denotes correlated disagreement and N and N denote the
average attention to income and tax rates, respectively.
Equation (3.63) is the modified aggregate demand taking government into account. In
equilibrium, it must be that taxes equal government spending, 7 = Gy, and that output

equals private and public demand, y; = ¢; + G¢. So, equilibrium output is given by:

oo

=G+ (1-0) Z BP(1+CD) - X yorn — N Gonl + 0 Z B . (3.64)
h=0

h=1 —
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The government-spending multiplier, dy,/dG;, can be computed recursively using:

dy; G h—1 v Ay, ~r | dGip
— =1 1-— 1 D) A - A .
o =1t a-p ; A7 (1+CD) - X 22 .

(3.65)

This equation relates the time ¢ government-spending multiplier to people’s beliefs about
future spending multipliers. First, suppose that individuals are fully attentive. It follows
that the spending multiplier is equal to one, dy,/dG; = 1, as in the FIRE analysis conducted
in Woodford (2011) and Bilbiie (2011). When agents are inattentive to income and taxes,
this multiplier is modified to take into account how expectations of future disposable in-
come affect consumption choices today. The expectations of future disposable income are
a function of expectations for future taxes and the effect that higher future spending has
on future incomes, i.e., the future government-spending multipliers. All else equal, higher
future spending multipliers increase the spending multiplier at time ¢, and higher correlated
disagreement or greater attention to income also increases the spending multiplier if future
spending multipliers are positive. The intuition for these results is that if agents expect
future income to be higher, they start consuming more today, resulting in a larger spending
multiplier. Instead, all else equal, a higher level of attention to taxes implies that the spend-
ing multiplier is lower because it reduces people’s perceived disposable income and leads

them to curtail private spending.

Proposition 12. Suppose that dG; = pLdGy, then the government-spending multiplier is

given by:
dy: _ 1— QGAT
dGr 1 pe-(1+ CD)- N

(3.66)
where o = (1 — B)pa/(1 — Bpc) € (0,1). It follows that:

1. The government-spending multiplier is increasing in correlated disagreement.
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2. The government-spending multiplier is larger than under FIRE if and only if

~T

(1+CD)- X >N,

Proposition 12 shows that the spending multiplier is constant over time and depends
on the average level of attention to taxes, correlated disagreement, and the average level
of attention to income changes. Other things equal, a higher level of attention to taxes
decreases the multiplier, while a higher level of attention to income or higher correlated
disagreement increases the spending multiplier.

Suppose that people are fully attentive to taxes, A’ = 1. The spending multiplier is always
lower than obtained under full information and rational expectations. Because people are
fully attentive to taxes, they immediately react by decreasing consumption in expectation
of higher future taxes. Because they are inattentive to income changes, they do not fully
incorporate how, in general equilibrium, future higher spending translates into higher future
income. In other words, the positive general-equilibrium effect of future government spending
on consumption is dampened. The net effect is a lower government-spending multiplier than
under FIRE. This result has been previously emphasized by Farhi et al. (2020) and Bianchi-
Vimercati et al. (2021).

Instead, suppose the average attentions to taxes and income are the same. Then, the
spending multiplier is larger than the one obtained under FIRE if and only if correlated dis-
agreement is positive. While people are heterogeneously exposed to changes in income, they
are equally exposed to an increase in the tax rate. It follows that the response of aggregate
demand to higher taxes is captured by the economy-wide average level of attention to taxes,
while the response to higher income must take into account correlated disagreement. If the
average attention to taxes and income are equal, but correlated disagreement is positive,

then the relevant attention to income is higher, generating a larger spending multiplier.
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Targeted spending But what if the government can affect the composition of spending
by directly eliciting labor from different groups? How does the composition of spending
affect the spending multiplier?

Note that the analysis above implicitly assumes that government purchases in goods

produced from each member of group g are given by:

Iy(Y1)

———Gy.
Y, t

Ggﬂf =

Suppose, instead, that the government can affect the composition of spending so that

L, (Y,
e (59 .
t

where w, are the targeting parameters which satisfy > g Tgwg = 0. This section investigates
the impact of targeting via w, for the size of the spending multiplier. In doing so, I as-
sume that this is a one-time unanticipated policy, so I keep the people’s level of attention
unchanged. See Remark 7 for a discussion.

In this case, the individual demand function (3.62) continues to hold, but now the indi-

vidual’s change in income is given by:
Yot = Vg¥t + WoGr.

It follows that equilibrium output can be written as:
= _ =Y =Y T > n
=Gt (1-5)3 a8 [(1 +CD) N g + (Tc - ) GM} 10> B, (3.67)
h=1 h=0

where TC = Cov (wg, )\;f /XY> captures the covariance between the targeting parameters

wgy and the attention parameters )\;/. Using this equation, we can compute the spending
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multiplier recursively using the following relationship:

[e.9]

dy; h—1 [ <Y dYitn <Y —T}
— =14+ (1- 14+CD)- A +TC- A — A
G, =1t =5 hZ B (1+CD) - X 22

dGiin
dG, -

(3.68)

Compared to equation (3.65), equation (3.68) displays a new term, TC = Cov (wg, )\;//XY>,
which captures the covariance between the targeting parameters w, and the level of attention
of the group )\;. This term captures the fact that by changing the composition of spending,
the government increases the incomes of certain groups more than others. To the extent
that these groups have different levels of attention, they will also react heterogeneously to
this income increase. People with higher income cyclicality are more attentive and will react
more to the increase in income which results from higher spending. Instead, people with
lower income cyclicality are less attentive and will react less to the increase in income which
results from higher spending.

It follows that if the government targets the most cyclical/most attentive workers, i.e., if
TC > 0, then spending increases the income of people with high cyclicality and attention.
Because these workers are more attentive, it follows that they will increase consumption by
more in response to higher spending, leading to a larger spending multiplier than without
targeting. Instead, if the government targets the most cyclical workers, i.e.; if TC < 0, then

the opposite happens, and the resulting spending multiplier is lower.

Proposition 13. Suppose that dG, = pLdGy, then the government-spending multiplier is

given by: .
dy, _ dyy oc - TC- )
dGy  dGy 1 pn-(1+CD)- N

(3.69)

where %{ denotes the untargeted government-spending multiplier, defined in equation (3.66).

It follows that:

1. With homogeneous attention, )\5 = XY, then targeting is irrelevant since TC = 0.
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2. With heterogeneous attention, the government-spending multiplier increases if the gov-

ernment targets the most cyclical workers.

Proposition 13 computes the government-spending multiplier with targeting. It shows
that the government spending is equal to the untargeted spending multiplier plus an addi-
tional term which accounts for how targeting correlates with heterogeneous attention.

With homogeneous attention or with FIRE, targeted spending does not affect the spend-
ing multiplier. In this model, since all workers share the same marginal propensity to con-
sume out of income, then targeting would be irrelevant.?’ Instead, with disagreement, tar-
geting the most attentive workers increases the government-spending multiplier. This result
follows from the fact that targeting highly attentive workers magnifies the positive effect
that government spending has on aggregate demand.

The spending multiplier exceeds the one obtained under FIRE if and only if:
X —(1+CD) X

= -

A

TC

(3.70)

A large multiplier is possible if the government targets the most attentive workers. Note
that, even if there is full attention to taxes A = 1, it is possible to obtain a multiplier

exceeding the FIRE multiplier by appropriately targeting spending.

Remark 7. The analysis in this section assumes that attention is not reoptimized after
the government policy change. So, this section can best be considered analyzing a one-time
unanticipated policy. If the government were to adopt a policy that would systematically alter
people’s income processes, they would eventually reoptimize their levels of attention in a way

that may affect the conclusions derived in this section.

20Instead, if marginal propensities to consume are heterogeneous across groups, targeting would affect the
spending multiplier in a way that is similar to how heterogeneous attention affects the spending multiplier.
See Bagaee and Farhi (2018) and Flynn et al. (2021).
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3.5.2 Targeted spending in the quantitative model

Figure 3.9: Targeted spending multipliers

Time-0 spending multiplier Cumulative spending multiplier
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Notes: This figure shows the impact and cumulative spending multiplier as a function of the targeting
parameter « for the baseline economy, FIRE, and for the economy with homogeneous attention. See text
for more details.

In this section, I evaluate the quantitative implications of targeted spending for the
government-spending multiplier. I extend the model in Section 3.4 to allow for targeted

spending in the same way as in the simple model above. This assumption implies that:

dY,y, = ~ydY; + w,dGy, (3.71)

where w, captures the targeting parameters which satisfy g Tgwy = 0. Furthermore, I
assume that

wyg =a- (7, —1). (3.72)

This expression implies that the targeting of a particular group ¢ is proportional to the
difference between their income cyclicality, 7,4, to the average income cyclicality 1. The

proportionality parameter, «, captures the strength of targeting in this policy. If a >
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0, spending targets the most cyclical groups, while if a < 0, spending targets the least
cyclical groups. The higher the targeting parameter, the higher the level of targeting to
high-cyclicality workers.

Figure 3.9 displays the government-spending multiplier as a function of the targeting
parameter «. The persistence of government spending is calibrated in the same way as in
Section 3.4. I plot the impact and cumulative multipliers on the left and right panels, respec-
tively, for the baseline economy, FIRE, and the counterfactual economy with homogeneous

attention. The impact multiplier is defined as dYy/dGo while the cumulative multiplier is

defined as Y, (14 r)7tdY;/ >, (1 +r)7'dG;.

Figure 3.10: Targeted spending multipliers: The role of monetary policy
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Notes: This figure shows the impact and cumulative spending multiplier as a function of the targeting
parameter o assuming that the Taylor parameter is ¢, = 1.1 instead of ¢, = 1.5. See text for more details.

Figure 3.9 shows that under homogeneous attention or under FIRE, the spending mul-
tiplier is not affected by targeting. This result follows directly from the fact that group
heterogeneity does not affect aggregate outcomes in this economy without belief heterogene-
ity. Instead, the spending multiplier is increasing in the targeting parameter in the economy

with disagreement. The more spending targets highly cyclical workers, the larger the spend-



CHAPTER 3. BELIEF DISAGREEMENT AND BUSINESS CYCLES 189

ing multiplier. In this model, we see that moving from o = —1 to @ = 1 increases the impact
spending multiplier by more than 0.20 and similarly for the cumulative multiplier.

Figure 3.10 redoes the same exercise but assumes a weaker response of monetary policy
to inflation, ¢, = 1.1. As in the analysis of business-cycle amplification, Figure 3.10 shows
that the results for the spending multiplier are magnified if the monetary policy response is
weaker.

These results show that the government-spending multiplier can depend substantially on
which groups see their incomes rising. The power of targeted spending is higher the more

accommodative monetary policy is.

3.6 Conclusion

This paper studies the aggregate implications of belief disagreement for the transmission
of business cycles and fiscal spending policy. In particular, I study the impact of belief
disagreement in shaping how aggregate demand responds to macroeconomic shocks and
policies. I conduct this analysis through the lens of standard New Keynesian models with
two sources of heterogeneity: heterogeneous beliefs about future income and heterogeneous
income cyclicality.

The results establish the determinant role of correlated disagreement (CD) in shaping
aggregate demand. This statistic summarizes the covariance between individual income
cyclicality and heterogeneity in the response of beliefs about future income. In other words,
CD summarizes the covariance between exposure and attention to shocks. I show that CD
affects the general-equilibrium channel from higher future income, feeding into an expansion
of aggregate demand contemporaneously, i.e., the effective marginal propensity to consume
(MPC) out of future aggregate income. I show that when CD is positive, this channel is

magnified relative to a counterfactual economy without heterogeneous beliefs but the same
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average level of attention, i.e., the effective MPC out of future income is higher. Instead,
when CD is negative, the channel is dampened relative to that counterfactual economy, i.e.,
the effective MPC out of future income is lower.

When CD is positive, business-cycle shocks can be amplified relative to the homogeneous
attention economy. I show that amplification is more significant the more persistent shocks
are. This result follows from the fact that more persistence shocks attribute higher quanti-
tative importance to expectations about the future in determining consumption and savings
decisions. Instead, when CD is negative, these results are reversed.

I then endogenize beliefs via behavioral inattention as in Gabaix (2014). This model
allows us to establish theoretical predictions for the sign of correlated disagreement. I show
that endogeneizing beliefs implies that the sign of correlated disagreement is positive because
people who are more exposed to the shock choose to pay more attention. Because they are
more exposed, people with higher income cyclicality see their incomes varying more following
changes in macroeconomic conditions. So, the benefit of paying attention to these shocks
is higher for these individuals. It follows that attention is positively related to income
exposure, implying a positive sign for correlated disagreement. I show that this implication
has empirical support. Using survey data on beliefs, I compute average forecast errors in
predicting income growth at the state level. 1 show that the magnitude of these forecast
errors decreases with state average income cyclicality. Through the lens of the model, this
result must be a consequence of rising levels of attention as income exposure increases.

I quantify the relevance of this propagation mechanism in a quantitative model in the
Heterogeneous Agent New Keynesian tradition with countercyclical income risk, incomplete
markets, and borrowing constraints. I leverage the recent computational advances to show
how the model can be written in a computationally tractable way despite the large extent of
income, wealth, and belief heterogeneity. I show that the correlated disagreement mechanism

can lead to substantial business cycle amplification. For example, an oil shock may be
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propagated by as much as 16 percent. The amplification of oil shocks rises above 30 percent
if monetary policy is less reactive to inflation.

Finally, I turn to a fiscal policy application. I analyze how the composition of government
spending affects the fiscal spending multiplier. I show that this multiplier is higher the
more the government targets workers with more cyclical incomes. If government spending
targets the services of high-income cyclicality workers, it will increase the income of the
most attentive people. Because they are more attentive, these workers respond more to the
increase in incomes generated by government spending, leading to a more significant increase
in aggregate demand than would occur if spending was targeted towards people with low
income cyclicality. It follows that the spending multiplier becomes larger by targeting highly-
attentive individuals. I show that, quantitatively, the differences in spending multipliers can

be quite substantial as a function of the level of targeting.
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Appendix A

Appendix to Chapter One

A.1 Appendix to section 1.2

A.1.1 Proof of proposition 1

We can solve for the government spending multiplier using

AY) TR TAYE S AG,.
=1+0 te ] -
AL [AGt+s ] AG;

s=1

where the level-1 government spending multiplier is given by

AYtl T—t—1 AGt+s
A, =1+ Z [y — 1] e

s=1

Suppose that 0 < n < 1. Note that since AGy/AG; > 0, then AY;'/AG; <1 for all t.

By induction, suppose that AY*™'/AG, < 1 for all ¢, then

AYF & Ay AG,

=1+Q —Hs <

NARRALID Dl bverminti fvemts
T <0

for all ¢. The first result follows.
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Furthermore, if 1 —Q, 3.7/~ AAG” = > ( for all ¢, then

AYl th:l Gt+s TXt:l Gt+s
AGt AGt AGt

for all t. Note that, with this assumption,

AY? g Til AV, ] AG, ! AGy, _AY}
AG, ' AGiy, o

s=1

By induction, suppose that AY*/AG, > AY*~'/AG,, then

INZax T TAY) AG,. T TAYF! AG, AY}
=1+Q | S>140 L1 =t
AG, t; [AGt 1 AG, — T t; [AGt } AG,  AG
Then the second result follows.
Now, suppose that n = 1, then
AY}! ! AGyss

AGt_HQt > -1 N

s=1

It then follows that if AY,*'/AG, = 1 for all ¢, then

AYF Qs AGy
AGt_lJer > -1] N

s=1

Suppose that 7 > 1. Note that since AGyy,/AG; > 0, then AY;}!/AG; > 1 for all t. By

induction, suppose that AY;*"'/AG, > 1 for all ¢, then

T—t—1

AY}F AYES AGy
=1+Q — * <1
YRR DN e AG, =
>0

s=1
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for all ¢t. The first result follows.

Furthermore, if 1 — {2, ZST o ! AG"“ > 0 for all ¢, then

1 T—t—1 T—t—1
AY; _ 1 — Qt AC:tJrs Qt Z Gt+s
AGt AGt A(;175

s=1

for all t. Note that, with this assumption,

AY? rayl AG AG AY!
—140Q s Hs <10 —1 bts _ ¢t
NOEIEED'S [AGM ] <1-0, % 1]

s=1

By induction, suppose that AY*/AG, < AY}™'/AG,, then

N7 T TAYE AG,, T TAYF! AG, AYF
=140 L1 S <1+Q L1 e
AG, >3 {AGt } A, ST [AGt } AG,  AG

s=1 s=1

Then the second result follows.

A.1.2 Proof of proposition 2

(1) As we show in the main text, for any level of cognitive sophistication, setting
I4+7p=1471)e &P (A1)

implements Y% ; = 1 for all k. Note that for any ¢ and k, the equilibrium level of output at
time t is a function only of current and future consumption taxes plus beliefs about future

output:

T—t—1 (1475, e
o (L (=P T () Vi + 1
t: C c l1—0 .
PR (1 p) ST st [Hi] Ty et

s=1 1+47¢
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As a result, for any cognitive level k, Yti’; is independent of 7;. This means that, for a fixed
k, we can construct the policy as follows.
Set 7r_1 to the value implied by (A.1). Then, proceed recursively from that date. For

each t <T — 2, fix 7, for s > 1. These imply a path for Y,5.! for s > 1. Let us choose 7;

so that
o 1 T (A ) vk
<1+Tc> (1=5) > Tire ) Teds T _
¢ c 1-0 -
LH7) = gy i eotamns [1;%] 1 e(T-1)o(x—p)
or, equivalently,
1/o

= 1+7£, e,
(-8 Y () vtk +1

(1= B) i et | e

l+7°=(1+7°

l1-0o
] + e(T—Do(x—)

This implies that

yE=1

for all ¢.

(2) Suppose that Y;°' = 1. Then,

T—t—1 (1477, e
Yl_(1+TC)U (1_6)28:115 <1+:-J2>Y;+S+].
t X3 o
LHm ) 2 g Tt eotapis [”%] 4 e(T-0)o(x—)

s=1

This implies that Y, = Y*~1 =1 for all k, and then YF =1 for all t and k.

A.1.3 Rules-based equilibrium

Under a rules-based policy, the temporary equilibrium is given by

T—t—1 1+75° 14+75°
—tl—= e t+s e oo e t+s
Zs:l Qt,tJrs ( 1+7—th5 ) Y;Hrs + ZS:T—t Qt,t+s ( 1+va5 )

Ve ({¥s}) =

ceql—0 ce
T—t-1 (ps&ss \7 [e  LH7s T—t)o(x—p) §° —(T-0) |Qe,, HTeis
Zs:l (ﬂs £ ) Qt,t—i—s 1+th,e + 6( )7 (x=p) Zs:T—t BU(S ( ) Qt,t—i—s 1+th,e

=
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where

s s—1 e\ — .
o lenn T esToio
b 1 + 7-;76 s T-1 e\—by :
5H7:t (YT') 1fSZT_t

Assuming that Y;*' = 1, implies that

1+ 75
e ts _ ps
Qt,t+s 1 + th,e 6
for all ¢ and s. This implies that,
*1+GX¢>
e € 7%y
Yo ({¥2}) = —,
(1 ) = 2een | reimen] T
or in logs:
1_ 1 oX + ¢
=logy, = ————,
yt g t 1+U¢y

T—eox—r

where ¢, = log ((1 - 5) 1Tt Dlox=p) + e(T—t—l)(ax—p))_

A.1.4 Proof of proposition 3

Targets-based policy Note that, under rational expectations, the targets based policy

with {7;""} implements the same equilibrium

% X 1
= |1 - —t 0.
Y by [ (1+00¢,)" ] =
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Now, suppose that the government announces the sequence of policies R; = 1 for t < T — 1,

Ry =7 for t > T, and {r,""}. Then, the level-1 equilibrium is given by

1477 Ti)
Zs>1 Qt t+s 147; < 7:5 eytJrS

l1—0o ’
S 1+T S
S (852) [Quaserr

y, = log

where y' = log ;. Since 3! = 0 >y, then

1+Tc,r *
t+s LY.
Zs>1 Qt,tJrs Trem € fhs

s -0
Eits 1477,
Zs>1 <ﬁs * Qt7t+8 1+thj

y; > log

=y

Rules-based policy The basic proof is constructed as follows. First, we note that if
x = 0, then y; =y} = 0. Second, we show that both y; and y} are decreasing in y. Third,
y; is linear in y, while y} is concave in y. Fourth, we show that dy;/dx < dy;/dx as long as

8> (1+ crgby)_l. The collection of these results finally implies that

dy}! dy;
1 t t *
yt§_|sz'X§ dX|X:0'X:yt‘

Log-output under rational expectations in the rules equilibrium is given by:

and the level-1 equilibrium is given by:

ox + log ((1 _ B) el MO | (Tt (ox ,,)>
1+ o9,

y =

(1) For any t, if the shock is zero then output stays at steady state, i.e., if x = 0, then
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using the expressions above it is clear that
vi =y = 0.

(2) Furthermore, the effects of y on y; and y! are given by

! 1 1
dﬁ:—— 1_—T—t <O,
dx Dy (1+0¢,)

v\ T—t—1
and since 17(ije:x)7p = ZZ;(;_Q e*(OX=P) we can write
dy} 1— T—t=2 _ s(ox—p) T—t—1 ox—p\T—t—1
s L+ ( A) ZSZO STe—t—z +{ ) <7€“—t—1) <0. (A2
dX 1+ U¢y (1 — ﬁ) ZS:O es(ox—p) + (eax—p)

(3) The rational-expectations equilibrium in this economy is exactly log-linear as a func-

tion of the shock, which implies that

Yy = @Q "X
t dx x=0 :

However, the same is not true under bounded rationality. To show this note that, for

t<T -2,
Pyl 0 (1= B) X e ) (T — ¢ — 1) (emx )T
dx? 1+ 09, I,
2
o {ﬂ—%ﬂ2ﬁ3486“*W+«T—t—1xy%mf44}
+ —
1+o00, 12

- —t— —B)eslox—p) .
where 71, = (1 — ) S esloxn) ¢ (emx=7)" "1 5 0. Define pi, = (1,8)%—” if s <
t
_ e(T=t=1)(ox—p) T—t—1

T—t—1and pyr_1 = — and note that: g s >0, > .~ s = 1. Using these
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definitions, we can rewrite the derivative as follows:
2
d2 o T—t—1 T—t—1
dX2 __1+0_¢y Z /"LtSS - Sz; Mtss
T—t—1 T—t—1 2
= 1+U¢y ZMts(s_ZlutsS> <0
This shows that log-output in the level-1 equilibrium is concave in Y.
(4) Evaluating (A.2) at x = 0 we obtain:
T—t—2
d_ytl‘ S —— (1-75) zt: se P+ (T —t—1)p7 1.
dy 'x=0 l+o0¢, 1409, —
We want to show that % v hich is equivalent
e want to show tha E!)(:O < W’FO’ which is equivalen
T—t-2 T—t—2 —s
o e Yoito (1 +o09y)
— 1+(1-5 se P+ (T —t—1)p7T 17 < — 1+ &= Y
1+o00, Z )8 — 1+o09¢, 1+o00,
T—t-2 T—t—2 —s
B L - 1+o09¢,)
@ 1_ Sp+ T_t_l T—t—1 >Zsfo ( Y
[( B) D se L
Define
T—t-2 T—t—2 —s
Z se sp+ )ﬂT t—1 _Zs:O <1+U¢y>
1+o09¢,

The desired inequality follows if A; > 0. First, let us note that this is true for t =T — 1

because:
1

a 1+o¢, —

2=/
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by assumption. Then, for any ¢t < T — 2 note that:

T—t-1 T—t—1 —s
_ § —Sp _ —t| _ Zs: (1 + Ogby)
At—l — At = (]_ — 6) 2 Se + (T t) 6T ] 0 1 + O_qby
T—t—2 T—t—2 -5
—S t— Zs: (]' + Ud) )
_[(1—5) SE:O se + (T —t—-1)p""" 01+0¢y £

SN 1 -AN=1=-B)(T—-t-1) ﬁ(T_t_l) + (T —t) BTt — (T—t—1) gT=t-1

(T—t—1
(1 + U¢y) =1
1+o00,

S A=A =8 = (14+0g,) T

This implies that, under the same assumption, A;_1 > A;. Since Ar_s > 0, it follows that
Ay > Ap_5 > 0 for all £ and the result follows. In addition, this logic also delivers the fact

that y; — y! decreases with ¢t and increases with y.

A.1.5 Proof of proposition 4

As described above, for level-1 we find that y;} > yf. Furthermore,

470, et
_ tts LYy
E :5>1 Qt Ats Throm € el

l1—o
§tts A7y
D1 <55 & ) [Qt,t+s 1+7.?r}

y, = log

. k _
Since " = yF! and

1+
Zs>1 Qt ts T bt eyt“

l-0o ’
1+
o (842) [Qur ]

= log
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then,
i i
Zs>1 Qt ths e edits
yt = log 1+ c,r 71—0
Z ﬁs §t+s Q T s
S>1 tit+s 1 67 1+TC i
l+7't S
Zs>1 Qt t+s 1,07 T+ o
< log =Y

s 14T, ’TS l=o
D e (58&+ ) [Qt,ﬂrsﬁ}
with strict inequality if t < T — 2. Also, because y; 2> y; then

1478, e
s LY
2521 Qt,tJrs 1+th,7~ eot+s

1=
Z Bs ft+s Q 1*"'&2 7
5>1 LS 14707

y; = log

1+Tt Gs
vy
Zszl Qt t+s 367 1+ cr € tts

1-0o
S 1+T S
D sl (5s£t+ ) [Qt t+s 1+Tt+ ]

This shows that y? € [yf,y}], and y? <y} if y} # yfie., if ¢t <T —2.

> log = Y-

For each k, suppose that yf* = ¢! ¢ [yt,yfk 1], with yF1 < y@F T Af e Rt £ g

Then,
1+T;_i_rs e,k
__tts Ll
k 2521 Qt,t+s 1+7_tc,r etts
Yy = log — — —
Z /@s ft+s Q +Ti s
s>1 t,t+s 1+T_tc,r
1+thjf e,k—1
Zs>1 Qt,t+s—cieyt+s
<1 = 1+7; ke
B Og yt )

s -0
Eits Sy
Zs>1 <ﬁs = Qt7t+8 1+thj

with strict inequality if ¢, # yi ", for some s > 1. Also,

1+ t +s
i
Yoot Quits T 1307 € 2

1+75" 1-0o
s &t4s i+s
Zszl (ﬁ > |:Qt,t+s T+

; = log
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14757 *
Lt oYy
2321 Qt,t+s 1+thm eJt+s

o c,r 1 1—0
St (852) | Querstie
s>1 & btts T4 T

> log =Yt

This shows that 3 forms a decreasing sequence in k, yF < yF~!, and y¥ — vy as k — oc.

A.2 Appendix: Bounded rationality — alternative mod-
els

In the benchmark model, we assume that people are standard level-k£ thinkers. However,
our results do not depend crucially on the specific assumptions underlying this model of
bounded rationality. In this appendix, we show that the main results of our model continue
to hold under alternative models of bounded rationality. We first derive the benchmark
model under a generalized level-k thinking model based on Camerer et al. (2004). Second,
we show that our results are also robust to assuming that people have reflective expectations
as in Garcia-Schmidt and Woodford (2019). Finally, we also show that our results hold under
the shallow reasoning model of Angeletos and Sastry (2021). For simplicity, we show this

for the benchmark model without inflation, but these same principles hold more generally.

A.2.1 Generalized level-£ thinking

In this section, we show that our results for the standard level-£ thinking in the benchmark
model go through in the generalized level-£ thinking model. We restrict our analysis to the
case in which policies are announced as targets, since we already discuss the implications of
this model under rules in the main text.

While in standard level-£ thinking, an individual with ability k& believes that everyone
else is level k — 1, the generalized model allows individuals to conjecture that the population

is distributed across all lower cognitive levels. Formally, we assume that individuals with
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ability k& believe that a fraction fi (j) of the population is level j = 0,1,....k — 1. The
reasoning process is initialized with some equilibrium if the economy is populated by level-
0 agents, Y;?. For technical reasons, it is useful to define the beliefs {Yte’o} which justify
YO0 =), ({Y;tig 521> for all ¢.
Level-1 agents believe that everyone is level 0, i.e., fi (0) = 1, and so they believe that
output is given by:
Yol = vo.

The equilibrium in an economy where all individuals are level-1 is given by

v =y ().

Level-2 people believe that a fraction f, (0) and f, (1) are level 0 and 1, respectively. Under

the assumptions discussed in section 1.2.2, we can write their beliefs as

=Y h)Y.

We assume that agents of different cognitive levels agree on the relative proportions of
lower cognitive levels. Let v, = fx (k— 1) for all k. Then assumption (1.29) implies that
fr(4) = (1 — ) fx—1 (j) for j <k —2. We can write the expectation of level-k individuals
as follows:

Yo = (1= ) VO Y (A.3)

Intuitively, the beliefs of a level-k thinker are given by a weighted average of the beliefs
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of level k — 1 agents and the temporary equilibrium that would arise under those beliefs.
Standard level-k thinking corresponds to the case of v, = 1. By varying 7., we can control
the intensity of learning across level-k iterations.

While the standard level-k thinking model assumes that everyone is level k, the general-
ized level-k thinking model also allows for heterogeneity cognitive abilities. We let f (k) for
k = 0,1, ... denote the share of individuals who are level k in the economy. The observed

equilibrium path is thus given by
V=S f ()Y (A.4)
k=0

Government spending multipliers

We continue to define the level-k multiplier as AY;*/AG, which is given by

T—t—-1

AY} AYSF AG,,
=1+0 s °
AG, T Zl ACy,. AG,
where

AV, AYET AL

AG.. W RG, TRAG,,

for k > 2. The observed government spending multiplier is given by:

AY, <& AY}
AG, < Of(k) AG,’

Suppose that AY;"'/AG; = AY,/AG;,, = 7, this implies that

A}/tl T—t—1 AGt+S
=14+ —1 .
AG, T > =1 AG,

s=1
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If p < 1, then AY}'/AG, < 1 which implies thatAY,"*/AG, < 1. For any k, if
AY* JAG, <1 then AY}/AG, < 1, which implies that AY;"**'/AG, < 1. As a result, for
any f (k),

AY, <«
AGt Zf AGt
If p = 1, then AY}'/AG, = 1 which implies thatAY;"*/AG; = 1. For any k, if

AY*/AG; = 1 then AY}"/AG, = 1 for all k, which implies that AY,""'/AG, = 1. As a

result, for any f (k),

AY, >
AG, Z:f AGt L

for all f (k).

If n > 1, then AY!/AG, > 1 which implies thatAY;"*/AG, > 1. For any k, if
AYF JAG, > 1 then AY}/AG, > 1, which implies that AY;"**'/AG, > 1. As a result, for
any f (k),

AY, >
AG, Zf AGt

Suppose that 1 — Zz f ! AG”S > 0. Note that:

AV T—t-1 AG,.. T—t-1 AG,..
_J1 g 0 .
AG, { t Zl AG, (17 t; AG,

If n < 1, then AY;'/AG, > 1 and AY,"*/AG, > AY,"'/AG, = 1. This immediately

implies that AY2/AG, > AY}'/AG,. We now show that AY,"*/AG, and AY}/AG, are
increasing in k. To see this, suppose that AYtj/AGt > AYtj_l/AGt for all j < k then this
implies that AY;B’kH/AGt > AY;e’k/AGt. Furthermore,

T—t—-1

Ayk+1
AtG =1+ Z
t

s=1

T—t—-1

AGt—i—s
>14+Q
AG, = F t;

AYE
AC;tJrs

AYSS
AGtJrs

AGH—S o AY;k
AG, AG,’
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This shows that AY;*/AG, is increasing in individual cognitive ability k. But the equilibrium
spending multiplier depends on the full distribution f (k). The analog statement to proposi-
tion 1 requires assumptions on the distribution f (k). When comparing to economies, we say
that one economy is strictly more sophisticated than another if its distribution of cognitive
abilities first-order dominates the distribution of the second one. Formally, consider two
economies with distributions f4 (k) and f? (k). Suppose that 2% f4(s) < S5 2 (s)
for all k. Then, the government spending multiplier is higher in economy B than economy
A.

If n > 1, then AY;'/AG, < 7 and AY,"*/AG, < AY,"'/AG, = n. This immediately
implies that AY2/AG, < AY}/AG,. We now show that AY,"*/AG, and AY}/AG, are
decreasing in k. To see this, suppose that AY/ /AG, < AY/™'/AG, for all j < k then this
implies that AY,"*"™'/AG, < AY;"* /AG,. Furthermore,

T—t—-1

Ayk—O—l
AG It
t

T—t—-1

AGt—i—s
<14+Q
AG, St )

AV
AGt+S

AV
AGt—l—s

AGH—S A}/tk

-1 = .
AG, AG,

s=1 s=1

This shows that AY,*/AG, is increasing in individual cognitive ability k. But the equilibrium
spending multiplier depends on the full distribution f (k). The analog statement to proposi-
tion 1 requires assumptions on the distribution f (k). When comparing to economies, we say
that one economy is strictly more sophisticated than another if its distribution of cognitive
abilities first-order dominates the distribution of the second one. Formally, consider two
economies with distributions f4 (k) and fZ (k). Suppose that 2% f4(s) < S5 2 (s)

for all k. Then, the government spending multiplier is lower in economy B than economy A.
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Consumption-tax policy

The equilibrium in this economy is given by

- 1478 00 e,
(1 +Tc>0 (1-75) Zlet ! (ﬁ) > im0 f () Yt+]; +1
Y, =

- 1—0o :
_ /B) Zfz_lt_l eo(x—p)s |:1f::__t5i| + e(T—t)o(x—p)

As before, beliefs about future output Y;ilz for any k is only a function of future tax policy,
which implies that the analog construction of tax policy 7/ implements ¥, = 1. Note,
however, that this policy may now imply consumption heterogeneity across different cognitive
levels, because they may have different beliefs about future output. As it turns out, this is
not the case if V;' = 1. We show this next.

Suppose now that ;' = 1. Then, announcing the tax policy 7* implies that Y;' = 1.

It then follows that Y;** = Y;* = 1 for all k. As a result,
;=1
for any f (k). This shows that proposition 2 continues to hold.

A.2.2 Reflective expectations

Garcia-Schmidt and Woodford (2019) describe a different process of belief formation which
they call reflective expectations. This process allows cognitive ability to vary continuously
but is otherwise similar in spirit to level k. Indexing beliefs by the cognitive ability n,

Garcia-Schmidt and Woodford (2019) assume that beliefs evolve according to

A" e
el b
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for n > 0 and starting from the initial expectations Yte’o, where Y;" denotes the equilibrium
in an economy with level-n people.We use superscript k£ to denote equilibria and beliefs
under level-k thinking and superscript n to denote equilibria and beliefs under reflective
expectations.

Garcia-Schmidt and Woodford (2019) show that the beliefs of a level-n individual with
reflective expectations are equivalent to a convex combination of standard level-k beliefs

determined by a Poisson distribution with mean n, i.e.,

Ye,n_ - nk_le_nye,k A5
t _ZW t (A.5)
k=1

where Yf’k denote the beliefs that standard level-k thinkers have, which we develop in sec-
tion 1.2. Equation (A.5) can be used to analyze the relationship between the equilibrium

properties of standard level-k thinking and reflective expectations economies.

Government spending multipliers

For the case of the government spending multiplier, the beliefs of a level n individual can be

computed from the beliefs under level-£ thinking as follows:

0o S k
A)/;Jezn nk’ le HAY287

AG, & (k-1 AG,

Suppose n < 1. Since AY;*/AG,; < 1 for all k, then AY,*"/AG; < 1 for all n. Also, since
the level-k£ multiplier increases with k, then so does the level-n belief over the multiplier.
Suppose n = 1. Since AY*/AG; = 1 for all k, then AY,""/AG; = 1 for all n. Suppose
n > 1. Since AY,*/AG; > 1 for all k, then AY,*"/AG; > 1 for all n. Also, since the level-k

multiplier decreases with k, then so does the level-n belief over the multiplier.
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The equilibrium spending multiplier under reflective expectations is given by:

T—t—1

AY" AYE" 1 AG
_1 Q t+s _1 t+8'
AG, F t; [AGHS ] AG,

This relationship follows directly from Lemma 1. If n < 1 then since AY,""/AG; < 1 for all ¢,
then AY;"/AG, < 1for all t. Also, since the AY,""/AG, is increasing with n, then AY;"/AG,
is increasing in n. If 7 = 1 then since AY,""/AG, =1 for all ¢, then AY;"/AG, =1 for all
t. If n > 1 then since AY,""/AG; > 1 for all ¢, then AY;*/AG; > 1 for all t. Also, since the
AY,"" /AG, is decreasing with n, then AY;"/AG, is decreasing in n.

Consumption-tax policy

The temporary equilibrium with reflective expectations is given by:

Y

—t— 1475 en
yn — (1—1-7‘0)0 (1_@2?:1': 1<Ir+7t >Y;+s+]-
=
(1-5)

c 1—0o
1+ ST o) [%] + e(T=t)o(x—p)

where
dY%e,n
dn

_ n e,n
S A

As it turns out, the results of Proposition 2 extend to the model with reflective expectations.
We prove this result below.

Set 7%, to the value implied by (A.1). Then, proceed recursively from that date. For
each t <T — 2, fix 77, for s > 1. These imply a path for Y9 for s > 1. Let us choose 7/

so that

=1

<1 W)U (-8 X (G ) v +1
(1-8)

c l1—0o
1 + Tt ZT t—1 (X_p)s |:1+Tt+5] —+ e(T_t)J(X_P)

s=1 1+7¢
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or, equivalently,

1/o
—t— 1+7£ e,
(- () vt +1

c -0
(1= B) NIt eotans [111%:] + o(T—t)r(x—p)

l+7=(1+7°

This implies that

=1

for all ¢.

Suppose that ¥;° = 1 and

=1 = (1479 e 000 _ 1,

Then,
T—t—1 (14773
Yo_(lﬂc)a (-8 () +1 _1
t Cy* . 1o =
L/ (1 gy ST ertuns [11++_T+} 1 e(T—1)o(x—p)
and
ay;s" 0
a0 =Y =¥ = 1-1=0,

which implies that dY;"/dn = 0 for all n and then Y;" = Y, =1 for all n.

Rules versus targets Figure A.1 shows the reflective equilibria for different levels of n
both for rules-based communication and targets-communication in the left and right panels,
respectively. Consistent with the results for the generalized level-k model, output contracts
more sharply for lower levels of cognitive ability. As highlighted by Angeletos and Sastry
(2021), the peculiar oscillatory feature that is present under standard level-k thinking does

not arise under reflective expectations. We see that as cognitive ability rises, output con-
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verges to that under rational expectations. Also in line with the results in the baseline model,
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0

Figure A.1: Rules versus targets
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we see that, with targets, output contracts less with lower levels of cognitive sophistication

and the level of output also converges to the rational expectations equilibrium as n increases.

This confirms the claim in the paper that all the results in the benchmark model extend

to the reflective expectations model.

A.2.3 Shallow reasoning

Angeletos and Sastry (2021) describe a different process of belief formation which they refer

to as shallow reasoning. In this model it is assumed that everyone is rational and attentive,

knows that everyone else is rational but believe that only a fraction A are attentive to

changes in the economic environment. For simplicity, we work with the linearized equilibrium

relation. The consumption of individual ¢ can be written as follows:

T—1—(t—s)

c=(-5 Y FGE
s=0

T—1-t

s=0

Yits — Gits| — P Z B? {Tt+s — AT o+ Xt+s} ;
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where E; [y;] denotes individual i’s expectation of output. Lower-case letters denote log-
deviations from steady-state values, except for g, = G;/Y. Market clearing requires y; =
% [ ¢irdi + g;. Individual 7 fully understands that other individuals have the same policy

function, conditional on their beliefs. Using the market clearing condition we can write

T-1-t T—1—t

y=g+(1- Z gt Eyt+s gt+s vy o 5 {THS — AT+ Xt+s} ’

where E [y,] = fol E; [y:] di denotes the average expectation in the economy. Let

T—1—t T—1—t

C .
V=g —(1-5) Z B s — ?05 Z 5 {7”1:+s — AT ot Xt+s}
s=0

s=1

We can write

y=(1-5)ME[y]+¥

where ) _ ) ) ) }
Yo 0 1 5 ﬂT_l \I’()
0o 0 1 .. pr=2 v
y = o , M= P , U= !

Yr—1 0o 0 0 ... O Wr 4

This implies that

Ely] = (1 - §) ME [y] + E[¥],

where E" [|=E [Eh_l []} . Note that the law of iterated expectations does not apply for the
average expectation. Then, iterating on this relation and using the fact that M" converges

to a zero matrix as h goes to infinity, we obtain

=S {a-pH My E [w].

h=1
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Following Angeletos and Sastry (2021), the behavioral assumptions imply that B [(P] = \'W,
and so

Elyl = A — (1— 8) MA ™" % = )y,

where the last equality follows from the fact that

y=(1-B)ME[y|+ ¥ =(1—-B)MNI—(1-5)MN'¥+¥

—I-(1—-B)MN'W®

As a result, we can write the equilibrium relation as:
T—1-t T—1-t

- ¢ s ~cC
vy =g+ (1 —05) Z gt [AYtrs — Grrs) — ?Uﬁ Z p {Tt+s — ATt Xt+s} . (A.6)
s=0

s=1

Government spending multipliers

Using the equilibrium relation (A.6), we find that the fiscal spending multiplier solves the

following recursion:

AY, Tt AY, A
t |:)\ t+s _ 1:| Gt+s (A?)

— _ s—1
A S I DR A LY v AG,

s=1

For consistency with earlier results, the multiplier is expressed in terms of levels of Y; and
G;. As in the benchmark model, the date T'— 1 fiscal multiplier is the same as the rational

expectations fiscal multiplier:

NG
AGpy
This then implies that
AYr_o AGr_y
=1—-(1=-06)[1—X .
ACrs (1=8)[1=A G,
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Since \ < 1, then AYT_Q/AGT_Q < 1. As A — 1 then AYT_Q/AGT_Q — 1 which coin-
cides with the rational expectations multiplier. We can also see that the fiscal multiplier is

monotonically increasing in A,

AYr_o
AGT_2

9 — (1- )

AGr_9

so as A increases the multiplier gets closer to the rational expectations multiplier. Via
standard inductive arguments these properties extend to all time ¢ multipliers. To see this

result, note that for A < 1, if AY; s/AG s <1 for all s > 1 then

ﬁgft =1+(1 —5)12;55—1 [A%t:s — 1} % <1
Furthermore,
1 AG, — /\Hl AGyg AG;
as long as limy_,; 2? = 1. This result shows that all time ¢ spending multipliers converge

to the rational expectations multipliers as A goes to one. Furthermore, under the assumption

that
T—1—t

Z BS 1AGt+s ’ (AS)

we find that AY;/AG; > 0 for all t. Differentiating (A.7) with respect to A, we obtain:

AY}«FS

AY,., . d
t+ +A AGi4s
AG,.. )

dAYt T—1-t

—r=1=-p >

AGH—S
AG;
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Under assumption (A.8), we know that AY;,s/AG s > 0. Then, if

A3/1%&»5
AGt+s

0
o

then d{2 “/dX > 0. Since we have shown that dAYT 2/dX\ > 0, then it is true that dAYt JdX\ >

0 for all . This confirms that the shallow reasoning spending multiplier is increasing in the
sophistication parameter A.

Finally, suppose that AG, = (!AG, for ¢ > 0, then

AYT,Q . AY*T 2
A, — 1 =B L= NC=drz—/dl <
and
AY, '~ [V A,
=1 1-— 5 A——— 1| . A.
Ag, -1t/ 2_) g [AGHS }c (A.9)
_1— AYits T—1—t
AYZ ! BN _ AY, _
d s t+s -8 1— s—1 +s -1 s—1
o /i = m;ﬁ A 5);5 Vet RS
<0

as long as dx7— Yt“ / d¢ < 0. As aresult, the spending multiplier is decreasing in the persistence

of government spending.

Consumption-tax policy

Suppose that g, = 0 for all ¢ and for simplicity suppose that Y = C. Interest rates are at

the ZLB for t < T — 1, and go back to steady state levels for ¢t > T

—p Ht<T -1
re = log Ry —

0 ift>T.
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Then, we find that for t > T output is back to steady state y; = 0. However, for t <T — 1

T-1.

output solves the fixed-point system of equations of {y,},

T—-1-t T—-1-t

ye=(1-70) Z B Nyigs — 0 Z B {x = p) = (Fren — 7is) } - (A.10)
s=1 s=0
Then, consider the policy that implements full stabilization under rational expectations:
1+ 78 = (1+7¢) e TDKr)

which implies that
1477

Too = e = T =X
t+1

Replacing these consumption taxes in the equilibrium relation (A.10), we obtain
T—1-t
yr = (1= 5) Z B Mg,

s=

which implies that i, = 0 for all ¢ is a shallow reasoning equilibrium under this policy. In sum,
the same policy that implements the flexible-price allocation under rational expectations also

implements the flexible-price allocation irrespective of the degree of rationality .

Rules versus targets Consider now the case in which policy is designed as rules, i.e.,

such that interest rates and consumption taxes are set so that

Ty = max {¢yyt7 _p} )

and

Tip1 — T, = min {¢yyt +p,0}
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which implies that:

~C ~Cc
T+ T — T = Gyl

The shallow reasoning equilibrium is a solution to the fixed point system of equations given

by:

T—1-t

1 g 1
p=-—X 126 (ﬂ— ) 3 B A
s=1

1409, 1-04 1+ 00,

As before, if A =1, then y, = —fy [1 -1+ U¢y)_(T_t)} = y; < 0 which is the rational

expectations equilibrium. Furthermore, note that for t =7 — 1:

for any A. Next, we show that, if § > (1 + 0%)71, for N\ <1,y <yfforallt <T —2.
Output at time t =T — 2 is given by

___0X 1—62_(5_ 1 )A
Yr—2 = 1+agz§y1—,3 1+0¢y Yr—1

< ox 1_52 ﬁ 1 * %
l+o¢, 1—p 1+og, ) Tt~ Vre

which shows that yr_s < yj_,. Furthermore, we also find that A\yr_s > yj._,, which follows

from the fact that:

1
1+o09¢,

1— 32
1— 32

B oX 1 .
_M_l){_lwd)y 1-8 (B_ 1+a¢y)<“1)yT‘1}

ox 1—p2 1 . _ ,
el (B ees) I BT PR

AYr—o — Yp_o =

Therefore, we find that yr_o < yh 5, but Ayr_o > yh o, ie., yro € A 'yb o, y4 ). For
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any ¢, suppose that y.ys € (AN 'yfi,, yfy,) forall s =1,..,7 — ¢ — 1, then

T—1-t
ox 1-—pT 1 .
- _ —(g- > BT M
e (A gy £ B M

T—1-t
ox 1-—p7 1 T
- — (8- > BTNy =
l+op, 1-5 & 1+ 00, p Yra = U

s=1

Furthermore, we also find that Ay; > y;, which follows from the fact that

ox 11— BTt T—1—t
)\yt_yt:_1+o_¢y 1—5 ()\—1)_(5_1+0_¢y> SZB yt—i-s yt+s)

ox 1_5114)\ : T—11;Sl
_1+U¢y -3 (A— )_(ﬁ_l—i—agby) SZ:B yt+s yt+s)

Y B S S g
== 1409, 1-8 _(ﬁ_l—l—(ﬂby) ;B B

oy 1—prt T—1—t
s—1_ x
AR I v —(5—1+0¢y) ;5 Yt

>A—=1)y >0.

Then, by induction, we find that y; € (A\~'y}, y;], which shows that the stabilizing power of

fiscal policy under rules becomes weaker.

Suppose now, that the policy is communicated as targets. We show that under targets-

based communication y; > y; for all t. First, using (A.10) we find that:

T—1-t
ilﬂ% Yy =—0 Z 5 {(X —p) — (%th’;H %tcfs)} <0,
and

dyp_
232:(1—5)y}_1<0:>yT,2<0,
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for all \. Now, note that

T—1-t T—1-t

dy; 1 s—1 o s—1 dyits
o= 2 8 e (1-8) 3 BTATE

So, as long as y;4s < 0 and dy,,s/d\ < 0 for all s > 1, with one strict inequality, then we
find that dy,/d\ < 0 and y; < 0. Furthermore, to show that y, > y;, note that

T—-1-t

w—y =(1-0) Z B N — Yo} -

s=

As before, this implies that yr_1 = y;_,. Now, evaluating time t =T — 1, we see that

Yyr—2 —Ypo= 1 =B){N =1} yr_1 > 0= yr—2 > yr_o.

This result serves as the base for the inductive argument. Suppose that 0 > y, 1o > y;  for
all s, then

T—1-t

ve—vi = Y B { M — v} > 0.

s=1
Figure A.2 shows the equilibrium path for log-output in the economy with shallow rea-
soning for different levels of A. As highlighted by Angeletos and Sastry (2021), the peculiar
oscillatory feature that is present under simple level-k thinking does not arise under reflective
expectations. We see that as cognitive ability rises, output converges to that under rational
expectations. Also in line with the results in the baseline model, we see that, with targets,
output contracts less with lower levels of cognitive sophistication and the level of output also
converges to the rational expectations equilibrium as A increases.
This confirms the claim in the paper that all the results in the benchmark model extend

to the shallow reasoning model.
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Figure A.2: Rules versus targets
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A.3 Appendix to section 1.3

A.3.1 Consumption function

The household’s optimal consumption plan satisfies:

ZSZO Qt,t-‘rs { (1 Tt—i—s) Wte—&-st—l-s + Qt—l—s

l1—0
S 1+T S
B () o Z5]

C, - Tiis} + Rea By

Pt(1+Tt)

Given their beliefs for output, the household’s expectations for lump-sum taxes are given by

1.36. Replacing beliefs for lump-sum taxes, we obtain:

Zs>0 Qt t+s {Wt+sNt+s + Tt+sPte+sCte+s + Qt+s

l1—0o
t+s 1+Tt K]
1+ ZS>1 (65§t+s> [Qt s +Pz(1+’r-§ )} ]

Ct _ ‘PtiSG§+S }
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Using the fact that
|4%5% Q¢
Ye — t+s Ne t+s
e Pte—&-s e - Pte—‘,-s

and

e _ e
Ciry = Yi, — Gus
we can write the consumption function as

Sno Quers Pl (Vi s — Gros + 761y (Vs — Grvs) }

Ct: 1-o1?
t+s s 1+, S
B (o) [oun ]|

Pt (1 +th>

or equivalently
Pe S 1+Tc S
D50 @ t+s%ﬂtc§) (Vs — Gras]

Ct = (1 ) 1-0?
t+s S +T El
1 + Zs>1 <BS§ - ) |:Qt t+s tJert(1+TZ§ :|

A.3.2 Unions and wage setting

In this appendix we solve the problem of the union and derive the wage equation 1.38. The

problem of a union that gets to reset its wage is

max SO (CF) et M (L)

~ C €
wu,t7{nu,t+s} s>0 1 + Tt+s ‘Pt+5

subject to the constraint

—0
~ wu,t e
Ny tts = <Wte+ > Nt+s'
s

Because every union represents an infinitesimal number of workers in each household, the
union does not directly affect aggregate consumption, Cy, hours worked by the household,
L;, the composite labor input, N;, aggregate wages, W;, and prices, P;. As discussed in the

main text, we assume that the union has rational expectations with respect to the exogenous
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variables, but is boundedly rational with respect to future endogenous variables.

The optimal reset wage W} solves the following first order condition:

wr \ ¢
s / 1 —7 s Wt* Wts Nte+5 Wy -’
SN (- 1) (G5 T (7) M, (L5,.) (—) N b =0

C € €
>0 L4 7 P Wi

which can be equivalently written as follows:

E 0 > o (BA) §t+s< t+s>0 (VJID/§+:> Ng ' (L§+s)

P, 0—1 té@l Wteée e e I—Tt"S.
'* SR BN G () (B Mo (Gt T

A.3.3 Sufficient conditions for equilibrium and the linearized sys-

tem

Given beliefs, a temporary equilibrium denotes a solution to the following system of equa-

tions:
1. The consumption function

147
S Quen ) (v )

1—0”’
S 1+T S
Zs . <ﬁsgt+e> {Qttﬁ%ﬁ}

Cy =

where we have imposed market clearing, C; =Y, — G;y.

2. Unions optimal wage setting

wy o D eco (BA) ft+s< t+s>0 <VII:,/§+:) Ng v (Lg,,)

P _0_1 t591 Wtcs (&2 e 1_7—215
! Zs 0 (BA) gt—l—s ( thr > <Pf:s> Nt—i—sul (Ct—l-s) 1+7—t{s
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and the aggregate wage is

1
-0

Wo= AW+ (1= 2) (W)

3. Real wages are equal to the marginal productivity of labor

4. Output is given by

where

where 1 = 1.

5. Market clearing
Ci+ Gy =Y.

For each quantity and price X; we denote their log-linear deviation from steady state by x; =
log X; — log X, except for g, = G;/Y . For taxes we denote their log-linear deviation by 77 =
log (14 7f) —log (1 + 7¢) and 7" = — {log (1 — 7;*) — log (1 — 7™)}. Finally, log&11/& = Xt
where y; = x >0 fort <T — 1 and x; = 0 for ¢ > T'. The log-linear system can be written

as follows.
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Consumption is given by

(1 — ﬁ) - sY e - s e ~c ~c
€ = B Z & C {yt+s - gt+s} -0 Z g {rt+s T Mits+1 — (Tt+s+1 - Tt+s) + Xt+s} .
s=1 s=0
(A.11)
Wage inflation 7" = w;, — w;_; is given by
w (1_)\)(1_5)\) = s e -1 e ~n ~c e
T = \ Z (BN {oniy, + 07 ¢ + Ty + 7o, +ang ) (A.12)
s>0
1=\ - s _w,e
+ D (BN L (A.13)
s>1
Below, we show how to derive these two equations below.
Price inflation 7y = p; — p;_1 is given by
T =1 + aAn,. (A.14)
Finally, output is given by
Y= (1 — a)ny, (A.15)
and the market clearing condition is
C
?Ct + gt = yt‘ (A16)

To first order, n; = ;.
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Log-linearized wage inflation Wage setting is given by

[e'e) S Pte+s 0 Wte+s o e / e
W 0 > om0 (BA)” Eites ( 2 ) <Pf+s> N v (L)
?_9_1 o S Pes -1 WES 0 e € I_Tns
' Dm0 (BA) &egs ( g > <PE;> N (CF) 1+Ti{s
and the aggregate wage is
S
W, — [AW}_;M (1- ) (W;)l—e] -
Log-linearizing the wage setting condition we obtain
w;tk - pt = (1 - ﬁ)‘> Z (BA)S {Son;w + Uﬁlchrs + 7A—tn+s + 7A—tc+s}
s>0
s e s+1 e
+ D (BN Pl = D (BN
s=1 5=0
S w —w =(1-BA) ) (BN {eni +o ey, + 7, + 75+ ) (BN by
s>0 s=1
=D (BN P+
s=0
or equivalently,

wf —wp = (1= BA) S (BN {ong,, + 07 + 7, + 5y, —

s>0

+3 (BN S

s>1

(wf—i-s - ﬁf—i—s) }

234
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since wy, , — pi,, = —ang, , then
(o]
wi —wy = (1= BA) Y (BN {onf,, + 07 cfy + 7 + 760 + omf )
s>0
o0
+Y (BN T
s>1

Log-linearizing the aggregate wage condition we obtain

Wy = )\wt_l + (]. — /\) w;f

Now, define 7;" = w; — w;_;, we can use the equation above to show that

* w L—A *
Al = (1= X) (wy —wy) & my :T(wt —wy) .
Replacing w; — w, we find that
w (1_)‘>(1_ﬁ/\) - s e -1 e An ~c e
T = \ Z (BA)* {pniss + 07 chy + g + Tie + anfy )

s>0

I—A = s _w,e

F S (BN

s>1

A.3.4 Proof of proposition 5

Part 1 The proof strategy is as follows. First, we show that if level-1 people believe that
the economy will stay at steady state for ¢t > T', then all level-k beliefs and corresponding
equilibria feature output, consumption, labor and wage inflation remaining at their steady
state levels from ¢ > T, and price inflation is zero for ¢t > T 4+ 1. Second, we note that

beliefs about future output, inflation, consumption, and labor are a function only of future
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tax rates and policies. Finally, for a given level k, we recursively construct a sequence of
policies {ﬁf’k, 7y k} which implements the flexible-price allocation and always features zero
inflation for all £.

(1) Suppose that y; = ¢ = nf = 0 and 7,)] = 75, = 0if ¢ > T. Then, setting

g =17 =17"=r,=0for all £t > T, implies that consumption, output, and labor for ¢t > T’

are given by

1_5 - sY e
Ct —= ( ) Z/B ayt—l-s — 07
s=1

B
C
Yt = ?Ct =0,
and
Yt
pr— :O
M 11—« ’

respectively. Then, wage inflation for ¢ > T is given by

1—M)(1-=78\
WZ“U:( )E\ b ){gont—l—a’lct—i-omt}:().

Finally, this implies that price inflation is

=7 +aln, =0

for t > T+ 1, and mp = —angp_;. This then shows the initial beliefs yf' = ¢! = nf! =
el = ﬂfjrll = 0 are consistent with what happens in equilibrium. This result implies that
all level-k people believe yi* = ¢ = ny* = 77F = 788 =0 for t > T.

(2) Recall that the temporary equilibrium for time ¢ solves the system of equations (A.11)-

(A.16). This equilibrium does not depend on policies before time ¢. So, for each ¢, level-k
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beliefs are unaffected by past policies, {TC k gk 0"

(3) For t =T — 1, the level-k equilibrium levels of consumption and wage inflation solve

and

cwk (1—=X)(1—=p5)) { k 1k A,k ek k }

T-1 = \ Ynp_y +0 Cp_y +Tply + TP+ anp_

Note that by setting %fjrli =p+ mfﬁk — X, then % | = 0. Since consumption remains at its

steady-state level, then g% | = nk_ | = 0. Setting 7% = —7%"  implies that 7% = 0.
Furthermore, since 7% = —an%_| then this policy also implies that 7% = 0.

We now proceed recursively. At time ¢, fix the future policies {Tt f;, Ty +];} and the
s>1

implied beliefs {yt s Covs Mgy Thra s T, +S} o Consumption at time ¢ is given by we set
S_

76F s0 that

e,k ~c,k
C’ t+s—0 5 Tt+s — 7rt+s+1 Teistl — Tt+s + Xt+s (-

We set 7% such that ¢ = 0, which implies

T—-t—1
~c, (1_5) SY e e, ~c,
=SS |G| - { - o)

s=1

s ~ck ~c.k
- Zﬁ { 7Tt+s+1 (Tt+s+1 Tt+s> + Xtts — P}-
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Since cf = 0, it follows from (A.15) and (A.16) that n¥ = y¥ = 0. Wage inflation is given by

wi (1=X(1-58)\) < s ek | an e
7rt ok :( )g ) Z (BA) {W”Hs to lctfs + Tt+’; + Tt+s + antfs}
s>0

A . s _w,e
—— > (BN et

s>1

We set 77°% such that 7% = 0, which implies

oo
~nk ~c,k -1 ek ~n,k ~c,k e,k
T =T E (BA)° {@”Hs T 0 Cihs T Ty T Tihs T Omt+s}

s=1

1—5AZ BN

s>1

These policies implement an allocation in which n¥ = 0 and 7;” k=0 for all ¢. Tt follows

(A.14) from then 7F = 0 for all ¢.

Part 2 Suppose that beliefs are anchored at the initial steady state. Consider setting taxes

on consumption and labor such that

e =(1+79 e~ (T=0(x=p) _ 1.

lL—7" 1-—7"
14+ 7f 147

Then, consumption is given by

1+Tt s

1478
2321 Qt,t-i—sH_L: {Y - G} Zs>1 Qt t+s 11,¢c 147¢

Zs>1 <5s£t+s> [Qt s 1;:?5] I ES>1 Bs£t+s {Y -G} =C.

Ct:

This implies that
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and then

The reset wage is:

wy D aco (BA) Eips (%)QNUI(D

B 0= 1522 (BN s ()" N (C) 75
0 1470 (L)

T0—11-rmu(C)

o= -

Then, from the first-order condition of the firm we see that W;/P; is constant

W, K\" W
7o-04(y) =%

which, combined with

Wi

P

_1
Wt,1 Ptl)l—e (Wt*>1_€ 1-6
A +(1—=A
(Ptl P ( ) P

implies that P, = P, for all ¢t. Finally, this implies that u, = 1 for all t and N, = L, = N.

Since this result holds for the non-linear model, it trivially extends to the linearized model.

A.4 Appendix: A model with sticky prices

In this appendix, we present an alternative New Keynesian model with sticky prices instead of
sticky wages and show that our main results continue to hold for this alternative specification.
We assume that households have the same utility function as the one in our benchmark
model, see (1.1).

The final good is produced using a continuum of intermediate inputs v, for u € [0, 1]
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according to the technology:

L, 14
Ytz[/yu,idU} :
0

Each variety u is produced by a monopolistic firm using the technology:
Yut = Ani}o‘.

The good market clearing condition is still given by (1.3). We assume that the government

has access to the same monetary and fiscal instruments as in section 1.3.

Final goods firms The representative final goods producer maximizes profits

1
FY;, —/ pu,tyu,tduv
0

which implies that demand for the intermediate input is given by

—0
put
m p— _7 .
Yust (B) Yi

The aggregate price level satisfies:

_1

1 -0
0

Intermediate goods producers Each intermediate good u is produced by a monopolist.
Producers set prices subject to Calvo frictions. At time ¢, a fraction 1 — A\ can reset their
price. As is standard, it is optimal for producers to choose the same reset price, P;*. The
optimal reset price is the solution to:

oo pe P 1-0 We P _% 1
ma. Ath,t s bt ( ; > Ye s t+51 ( et > Ye S e .
B ; R Py " pPr  Aa \ Pis (Vi)
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We assume that the monopolist has rational expectations with respect to exogenous variables,
but is boundedly rational with respect to endogenous variables. In particular, we assume
that the firm forms beliefs about future aggregate prices, Py, wages, W ,and output Y,° using
level-%£ thinking.

The first-order condition implies that:

l—«
£ T-a(1-0)
1
. Zoo )\SQ t+s Wt+s 1 Pte+s - (Ye )m
Pt 0 s=0 bits P Pf, AT F t+s

P -1)(1-a) —

- pe N\ 01
t+s t+s e
SN Qs (G) e,

Let lower case letters denote the log-deviation of a variable from its steady-state value,

x; = log X; — log X. Using (A.17) we obtain

p:—pt:m—w)Z(W{wf+5—p:+s+ yt+s}+z Pt (AIS)

s=0 s=1
where ( = %.
The price level is given by
= AP+ (=) ()]
SO
pr=Ap—1+ (1= N)p; & m = 5 (P} — i) - (A.19)
Combining (A.18) and (A.19) we obtain:
- s e e o e 1-A - s e
Tt = /@Z (BA)" q wiys — Piys + 1 g Jt+s + N Z (BA) 7y (A.20)
s=0 s=1

where k = fw.
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Household The household chooses consumption and labor to maximize:
maXZ B°Eirs [U <Ot+s) —v (Nt+s)]
s=0

Z Qs Py (1 + Tt—f—s Ot+s Z Qf 145 [ Tt—f—s) Wt+sNt+s + Qs — Tte+s] + Ry 1By.

s=0

The solution to this problem implies

Z820 Qttts { (1 Tt—l—s) Wt+sNt+s +Qf — Tf+s} + Ri1biy

Cy =
t t 5(1+Tt+s) e
(1 + Tt) 1+ Zs>1 (5S£ +S> Q: t+3+Pt1—+'rt)
where
NSD — (1 B TILTEFS) Wte‘FS BS§t+S - Qt,t-‘rsptis (1 + th+s) Cfo—l (A 21)
(L) P & P (1+77) Lo '

Using people’s beliefs about the government budget constraint, (1.36), and the aggregate

resource constraint, (1.3), we obtain

t+s(1+7't+s) -4y Wi I © e
Zs>1 Qt t+s Py (1+7f) _rcC Pe Nt+3 - Nt+s t+s Gt"!‘s

1 Tits

C, = ts — (A.22)
Z 53 €t+s Q t+s(1+Tt+s)
s>1 ttts ™ Py(147)
Log-linearizing equations A.2land A.22 yields:
Npys = _90_1 (%tz-s + 7A_tc+8) + 90_1 (w;‘S o pf+5)
s—1
— 0 (Peam = Tamsr — Ay + Xem) — (90) (A.23)

m=0
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and
_1-p Y —B
Cr Zﬂ (460 — Gvs — wnmilys) + - Zﬁ —wNnHS (A.24)
s>1 s>1
-0 Z B° {Tt+s — e — AT, + aXt+S}
m=0
where wy = (3=22) L&, Replacing (A.23) in (A.24), we obtain:
s Y e e —1 e e ~n ~c
=1 Z B 5 {yt+s — Jt+s —WNNy s T+ @ {wt+s — Diys — (Tt+s + Tt+s)}}
s>1
—0 Y Bt = T — AT+ OXers )
m=0
=_ o 1
where 1) = o+ e B
Equilibrium In equilibrium, labor-market clearing, N; = [ n,;du, implies that:
1 Y, —%
N, Z/nwdu:/(%) T du = / (/I) (p]’;:) du
which implies that
Y, = pd AN = G+ Gy,
-t
where iy = [ <p%:> " denotes the standard price distortion. Starting from an non-

distorted steady state implies _; = 1 and to first order the price distortion is zero.

The temporary equilibrium conditions are as follows.
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1. Consumption is given by

Y “n ~c
Ct = 1/} Z /886 {yteJrs — Jt+s — wan+s + gp_l {wf+s - p§+s - (TtJrs + Tt+s)}} <A25)
s>1

o0
-0 Z B° {Tt+s - 7Tf+s+1 - A%tc—&-s + Xt+s} .

m=0

2. Inflation is given by

- S ~n ~C e —1 e o e 1 - >\ - s, e
Tt = "3; (BA) {(Tt—i-s + Tt—i—s) tong,,to 1Ct+s + myws}‘i‘T ; (BA) 7y
(A.26)
3. Output is given by

ye = (1 —a)n,. (A.27)

4. Market clearing implies

C

Y= ya + G- (A.28)

Note that we assume that the beliefs that firms have about the real wage are consistent with
household labor supply. An equilibrium is a solution to this system along with a specification

of belief formation corresponding to level-k thinking.

A.4.1 Government spending multipliers

In this section we briefly illustrate the analog to Proposition 1 for the case in which tax rates

are constant and government spending rises by AG during the ZLB period.
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Figure A.3: Government spending multipliers
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Comparing figures 1.3 and A.3, we see that the implications of level-k thinking for the
government multiplier are essentially the same, regardless of whether Calvo frictions apply

to wages and prices.

A.4.2 Consumption-tax policy

Proposition 5 continues to hold for the economy in which prices, rather than wages, are

subject to Calvo frictions.

Proof. (Part 1) The proof strategy is as follows. Fix a k. First, we show that if the level-1
believe that the economy will stay at steady state for ¢ > T, then this implies that all level-k
beliefs and equilibrium feature output, consumption, labor and wage inflation remaining at
their steady state levels from t > T, and price inflation becoming zero from t > T + 1
on. Second, we note that beliefs about future output, inflation, consumption, and labor
are a function only of future tax rates and policies. (3) Finally, we recursively construct a
sequence of policies {ff ok %”’k} which implements the flexible-price allocation and always

features zero inflation. O]

(1) Suppose that y¢ = ¢¢ = n¢ = 0 and 7¢ = 0 if ¢t > T, then the policies g, = 7" =
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7k =, = 0 for all ¢ > T imply that consumption, output, and labor for ¢ > T are given by

Y
Ct = 1/12586 {virs —wvniy + o7 {wh, —piy =0

s>1

C
Ye = ?Ct =0,
and
Yt
ng = =0
t 1— )
respectively. Finally, inflation is given by
- s e —1 e a e — A - s __e
= nz (BA)" Qong  +o0 ¢y + T o Yets + T (BA) 7, = 0.
s= s=1
This then shows that starting from the initial beliefs ' = &' = nf' = 0 and 70! = 0

implies that the same holds for all k.
(2) Note that the temporary equilibrium for time ¢, which solves the system of equations

(A.25)-(A.28) does not depend on policies before time ¢. This implies that for each ¢, y{™* is

nk

unaffected by policies {7‘ oo

(3) We now proceed recursively. At time ¢, given policies {Tt fs,%ﬁr’;} and beliefs
>1

ko_ek _ek . ek
{yt+s, Cirgs sy 7rt6+8} , we set the consumption tax 7, so that
s>1

~ck ¢ sY ek e -1 ek ek ~n,k ~ck
T = p B Fel Yirs — WNNypys + @ Wiks = Piys — \ Teds T Tits
s>1

oo
ek ~c,k z : s ek ~c,k
- { 7Tt+1 7—t-',-l + X — p} - ﬁ {Tt+s - 7Tt+5+1 - ATIH—S + Xt+s} )

s=1

which implies that ¢f = 0. It then follows that n¥ = y¥ = 0. Then, setting 7, " such that
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~n,k ~c,k & s An ~c e -1 e Q e
Ty =Ty — Z (BA) {(Tt+s + TtJrs) + Spnt+s +o lctJrs + 1— ayt+s}
s=1
-\ s .
" e 2 AN
s=1

which implies that 7F = 0.

Proof. (Part 2) Under this assumption, the consumption function still implies that C} = C,
which implies that N} = N and Y;! =Y, i.e., both consumption, labor, and output in the
level-1 economy stay at their steady state levels. Using the fact that (1 —7*) /(14 7f) =
(1 —7") /(1 + 7°), this implies that the relative wage W,/ P} remains at its pre-shock steady
state as well. Finally, this implies that p; 1 — 9, and so inflation is always zero. The same

argument then holds for £ > 1. n

Rules versus targets

Figure A .4 is the analog to Figure 1.5, assuming prices are subject to Calvo-style frictions.
We see that the implications of level-k thinking for the efficacy of fiscal policy when prices,

rather than wages, are subject to Calvo-style frictions are essentially the same.
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Appendix B

Appendix to Chapter Two

B.1 Appendix to section 2

B.1.1 Deriving the equilibrium

We solve the model backwards, starting at the end of period 1. At this point, households
observe the relevant equilibrium outcomes {b;, 71} as well as their employment status e; €

{E,U}. Their problem is

Vi(er,ap) = maxu(c) st. e +ar = (14+71)ap+ Li,=p) + Lie,=v) - b1 — 71
c1,a1 (B.1)

a120

where we already imposed w; = 1. Clearly, the optimal decision is to consume the entire

cash on hand

al(el,ao) =0 (BQ)

cr(er,ao) = (1+7)ap + Lepy + Loy - by — 7 (B3)

Since assets are in zero net supply and borrowing is not allowed, all workers have zero assets

in equilibrium, ay = 0. Given the policies {b1, M;}, the time-1 equilibrium can be computed
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recursively as

N = M, (B.4)
n=(1—N)b (B.5)
a(E)=1-m7 (B.6)
a(U) = by — 7 (B.7)

Note that time-1 equilibrium is independent of what happens in period 0, including the
beliefs { N7, b¢, 77} that households hold in period 0.

Let’s turn to period 0. Combining the consumption policy function (B.3) with the fact
that the probability of employment is iid, the expected continuation value at the end of

period 0 can be written as
Vif(ao) = Nf - u((1+r)ag+1 =7 ) + (1= Nf) - u( (1 +7)ag + by — ) (B.8)
At time t = 0, households solve

max u(cg) + SV (ap) s.t. co+ag = L=y + lico=v} - bo — 7o
€0-a0 (B.9)

G/OZO

Taking FOCs yields the Euler equation (2.5) in the main text

' (co) > B(VY) (ao) (B.10)

= BL+7) [ Ni o (1= + (14 )a) + (L= VD) (8 — 7 + (1 +1)ao ) | (B11)

Note that the right-hand side does not depend on time-0 employment status. Since there

can’t be any saving in equilibrium (ay = 0), households consume their income in period
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0, which is higher for employed households. Given that u’(e) is decreasing, this implies
that either both types of households are borrowing constrained or only unemployed workers
are constrained. We assume that § and r is such that only unemployed households are
constrained.

Then, given beliefs { Ny, 77, b} and policies {bp, 7}, the time-0 equilibrium can be com-

puted recursively as follows

u'<cO(E)> =[(1+r) [Nle . u'(l — Tf) +(1—=Ny)- u’(b'{ - Tf)} (B.12)

f=1- afB) (B.13)
C()(U) = bo — 70 <B14)
No=1- ? (B.15)

0

B.1.2 Proof of proposition 1

Proof. Consider an infinitesimal shock to money supply in period 1, dM;. Differentiating

the time-1 equilibrium (B.12)—(B.16) yields

dN, = dM, (B.17)
dry = (1 = Ny)dby — dN; - by (B.18)
dey(E) = —dm (B.19)
dc¥ = db, — dr (B.20)

Since we assumed that both UI extension regimes implement the same benefits db;, the

time-1 responses are the same under both regimes. Given our model of beliefs (2.10), this
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implies that expectations of employment and taxes are the same
ANE™e — ANE* = X\-dN;  and  drf™C =drP* = X -dn (B.21)
but the expectation of unemployment benefits may differ
dbe™e = —¢, - ANETME = —G\ - dNy < = - ANy = dbS* (B.22)

These expectations are relevant for pinning down dcy(F) through the Euler equation of

employed workers (B.12). To first order after the shock, the Euler equation reads as

(1= 7o) - deo(B) = B(1+ 1) [dNF - of (1= 7 ) = NF " (1= 7§ ) arf

— AN (6 — 7 ) + (1= Np) (b = ) (b — )|

(B.23)
So the difference in consumption under the two Ul extension regimes is
rule x ﬁ(l + T)(l — Nle) ’ u//(bi B Tle) e,rule e,*
deo(E)™e — dey(E)* = i : (dbl i ) (B.24)
;\]\r/[b

where M, € [0,1] can be interpreted as the marginal propensity to consume out of antici-
pated UI benefits. Note that the dN7 and d7{ terms cancel because these expectations are

independent of the UI extension regime.
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Differentiating the rest of the time-0 equilibrium conditions (B.13)—(B.16) gives us

dry = —deo(E) (B.25)
dco(U) = dby — dry (B.26)
ANy = _db_? + Z—gdbo (B.27)
dMy = dN, (B.28)

Let’s assume that UI benefits respond only in period 1, dby = 0, in order to isolate the
impact of precautionary behavior. Combining the perturbed time-0 equilibrium conditions

proves the proposition

rule * 1
dYOI—dYO:b—O-Mb-(l—)\)-dMI (B.29)

To interpret the 1/by term, note that the aggregate consumption function of this economy
is
CO = NO : C()(E) + (1 - No)(bo - 7'0) (B30)

According to (B.12), the consumption choice of employed workers c¢q(E) does not depend on

Ny. Also recall that, in equilibrium, co(E) =1 — 7. So

0Cy

8—]\[0:60(E)—(bo—7'0):1—bo

This implies that
—=——=M>0 (B.31)
gv0

is a standard Keynesian multiplier. ]
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B.2 Appendix to section 3

B.2.1 Proof of Proposition 7

We consider a generic representation of a heterogeneous-agent problem as a mapping from
some input X; to a time-path of aggregates C;. Following Auclert et al. (2021), a generic
representation of a heterogeneous-agent problem is a mapping between aggregate inputs X,
a time path f aggregate outputs Y;. Assume that there are n, inputs and n, outputs, and
that the distribution if discretized on n, points. Let D, denote the n, x 1 distribution of

agents. Then let y; be the n, x n, matrix of individual outcomes.

v = v (vf,, Xy) (B.32)
vy = v (v, X;) (B.33)
Dy = A(vf,,, X,) D, (B.34)
Y, =y (v, X;) D, (B.35)

Let (Y, v,v¢ D) denote the steady state which satisfies X¢ = X . This immediately implies
that v = v°. For convenience, let Ags = A (v, X). Consider transitions of length T that
satisfy X;_; = X and v$ = vy = v. The initial distribution Dy is given and we assume
that Dy = D.

Given all of this, this defines a T" x n, vector of stacked outputs

Y = h(X,X).

Assume that all functions are differentiable, then so it h. We want to characterize the

Jacobian J of h evaluated at the stead state with respect to variables X and X°¢.
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Responde to dX, Consider a change to input X at time s, dX,, with dX; = 0 for all

t # s. It follows immediately that

for all ¢, and v; = v for all t # s. Furthermore, it follows that, for all ¢t # s, y, =
Y ('fo,Xt) =yand A, = A (fo,Xt) = A, so dy; = 0 and dA; = 0.

Note that, by the chain rule, we find that:
dY; = dy;D + ydD,

and

dD,., = dA,D + A'dD,.

Using these expressions and the results above, it follows that dY; = 0 and dD;,; = 0 for all

t < s. Furthermore, for t = s, we obtain
dDg,1 =dA.D, and dY,=dy.D,
and for ¢ > s we find that
D,=ANdD, , = (A)"""aD,.,, and dY, = ydD,

Finally, note that dy, does not depend on the time s, but rather than the shock happens

at that moment and is not anticipated. It immediately follows that

oY, 0 ift <s 0 itt<s
L= = (B.36)

0X,
iy - .
8;(0 , ift>s Ji—s0, ift>s,
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where J denotes the FIRE Jacobian.

Response to dX; Note that, v5,, = v;11 = v for all £ > s, which implies that A; = A and
y, = y. It follows that, for ¢ > s,
dY, = ydD,

and

th+1 - A/th

where dD, = A'dD,_, = (A)"""V dD,,,.

So, for t < s, the response is exactly the same as that which would be obtained under
FIRE, i.e., dY; = J;s. For t = s, we find that v ; = v and since X, = X, then y, = y and
A, = A. Tt follows that

dDsyy = AdD{ = dD,, — (dA:)/D =dDg,, - dDgﬂ

and

dY, = ydD; = dY; — (dy) D = Y, - Y,

where dD? and dA? denote the response under FIRE, i.e., dX¢ = dX;, and dD? and dA?
denote the responses to an unanticipated change dX, # 0 with dX%° = 0. Finally, for ¢ > s,
we also find that vy, ; = v and X, = X so that decisions and transitions do not change. As

a result,
dD; = (A/)t_(SH) dDgyy = (A,)t_(SH) (dD:-H - dD2+1) = dD; — dD;}

dY; = ydD, = ydD; — ydD? = dY;* — dY,°.
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As a result,
Y, Tt.s ift<s
dX;O = (B.37)
° u7t,s - \715—5,0 if ¢ 2 S
Putting it together Define
Joo O 0
Jio T 0
o= |Jro Joo 7 (B.38)
Joo Tio Jopo
then we can summarize these results in the following expressions
dY =(J —&)-dX°+£-dX° =T -dX°+&-(dX° —dX*"). (B.39)

B.2.2 Proof of proposition 8

T-1
Let {{X Se’t}ST;;rl}t:O denote their beliefs at each point in time, then the representation is

vot=v (ve, X)), s=0,...,T—1,t=0,...,T—1 (B.40)
v =0 (vi, Xy) (B.41)
Diyy = A (vfl,, X)) D, (B.42)
Y =y (v, X)) Dy, (B.43)

where v;’il = v and X;’frl = X for all t. The rational expectations are captured by J and
the Jacobian with respect to d X is still J;_5¢ for ¢ > s.

Now, the main observation is that, when considering a partial change dX$7, nothing

S )
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changes for t < 7 and so
Y, Yy,
= . B.44
aXs,T 8X§’_07_ ( )

Note that if we change X° then v¢! = v, y, =y, Ay = A for t > 0. Then,
dYy = dyyD = (dy;)' D

dD; = (dA})' D = dD}
dDyyy = N'dD, = (N dD; = (A dD*
dY; = y'dD,

Note that dYj is exactly the same as under rational expectations. For ¢ < s, we have that
dD, = (A" dD:

dY; = /dD,.

Futhermore, define the FIRE response as

t—2
dD; = (dA;_,)' D+ NdD;_, = (A)" (dA;,_,,) D+ (') dD;

m=0
dY; = (dy;)' D +y'dD;

It is useful to put superscripts for the time of the shock, s. For example, define the FIRE

response as:
t—2

AD}* =37 ()" (dA7 ) D+ (M) dDp?

m=0

dY;"" = (dy*) D +y/dD;?
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Now, note that
t—2

dD; =dD;* = " (N)" (dA;* ) D

m=0

A, = dY; — (dyi*) D+ (dD; — ;).

Note furthermore, that
*,5—1 x,5—1\/ / *,5—1
— (AN 1A= N2 ryes—1
= (dA}"7) D+ N (dA;°Y) D+ (A) dD;s
t

1

(A" (dA°) D+ (W) dDy!
=0

(]

3
Il
=)

T
L

/

(A" (dAyeTl,) D

m=0
and now using the fact that
dA7*, = dATS,
we can write
t—1
AD; " = 3 ()" (@A) D
m=0
t—2
*,8— m *,8 /
dD;™y = Z (A') (dAtflfm) D.
m=0

As aresult, dD{ = dD;* —dD;*[". Finally, we can write dY; = dY,>* — (dy,;"*) D —y/dD;*!

and since dy;”* = dy;”*"" then

dY; = dY" = (dyi ) D —y/dD T =AY — Ay
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For t > s, we still find that
dD, = (N1 dD, 4

dY; = y'th

while the FIRE response would have been

dD; = N'dD;_, = (N)"°"1dD?,,

dY; = y'dD;.
Once again, we can write
s—1
dD%, = 3 ()" (A, ) D+ (V) D
m=0

and
dD;, , = (A’)S dD7*.
It follows that
s—1
dD3,, —dD3 == (N)" (dA°,,) D = —dDy*!

m=0

and, as a result,

dY; = ydD; = dY* +y (dD; — dD}*) = dY;"* +y/ (N)' 7" (dDj,, — dD

dYy =dy;* —y (M) Dy

*,8

s+1

)

260
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and
dY; = dy;® —dy; 57"
It thus follows that

Y,
0x0

== tyt,s - s7t—1,s—1' (B45)

Putting everything together We have thus found that

dY, 0 ift<s

0X; ‘
x7t—5,0 if ¢ Z S

and
(

0 ft<rtors<r

oY,
W - t.7t7‘r,sf7' - jz'tf‘rfl,szfl ift>7and s>

Jo,s—t ift=7and s>71=t.
\

Putting everything together we can write

t t—1 00 00
AV, =Y Jrso dXo+ Y Y (Tirsmr — Foertomra1) 1 AXET+ D Joomy - dXE!
s=0 7=0 s=7+1 s=t+1
(B.46)
t o] o]
=3 T (X7 dXETT) Y o d X (B.AT)
T=1 s=1 s=0

from where equation (2.21) follows immediately.

B.2.3 Special cases

Throughout, we maintain the following notation. F;[dX,.] denotes the agent’s time-t expec-

tations about the variable at horizon h. E;[dX;,;] denotes the full-information and rational
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expectation for the same variable.

Shallow reasoning

(Angeletos and Sastry, 2021). Ey[dX;ip] = A - d X ip-

1 0 0 O 1 0 00
0O XN 00 01 0 0
Ao=10 0 X 0 Ai=1(00 X0 ... (B.48)
00 0 X 00 0 X
Cognitive discounting
(Gabaix, 2020) Et[dXt+h] = )\h . dXt+h~
100 0 .. 100 0 .. ]
OoX 0 0 ... 010 O
A=100 XX 0 .../ =100 X 0 (B.49)
00 0 XN ... 0 0 0 )\

Sticky expectations

(Mankiw and Reis, 2002; Carroll, Crawley, Slacalek, Tokuoka, and White, 2018). A date-0
shock € causes a sequence of disturbances {dX;}. At each date t > 0, some agents learn about
e and deduce {dX;,,} for all h > 0. The probability of learning € is 1 — \ for every agent who
hasn’t learned it already. Thus the share of ignorant agents at date t is A**!. They believe

that the disturbances observed so far were special events, and don’t expect any disturbances
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in the future. This setup implies that average expectations are E;[dX;,,] = (1= -d X, y4.

1 0 0 0 10 0 0
0 1—-X 0 0 01 0 0

A=10 0 1-Xx 0 A=100 1-X 0
0 0 0 1-2)\ 00 0 1-\

Noisy information and rational expectations

(B.50)

(Angeletos and Huo, 2021). A date-0 shock € causes a sequence of disturbances {dX;}

according to an MA process

dXt = MtE

(B.51)

Suppose that agents know the MA coefficients, M;, but they don’t observe e. Their prior

is that e is distributed N(0,1/7). At each date ¢t > 0, agents receive independent private

signals € + v;, where v; ~ N(0,1/7,). Bayesian updating implies that the average posterior

belief is
t+1

Eld=—1T°
tle T /Ty +t+ 1E

Then, the average expectation of dX;.;, at date ¢ is

t+1
T /T, +1+1

-~

At

Et[dXt+h] = Mt+hEt[€] = My, ( ) €= )\tht-i-h

(B.52)

(B.53)
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Thus the associated A; matrices are

10 0 0 .. 100 0
00X O 0 ... 01 0 0

A=10 0 X O A=100 X\ 0 (B.54)
00 0 X ... 00 0 X\

Extrapolation

Geometric extrapolation. Fy[dX, ;] = \"dX;. First example of non-diagonal A matrices.

(1 000 ..] (1 0 00 ..]
A 000 01 00

A=) 00 0 A=10 X 00 (B.55)
A0 0 0 0 A2 00

Adaptive expectations

Cagan, 1956; Friedman, 1957). E,[dX, ] = MY > ANdX,_., where k > 0 scales the
7=0

geometric sum.

(1 000 .. (1 000 ..]
A 000 0 1 00

A=K [N 00 0 A=kK[X2 X 00 ... (B.56)
¥ 000 ... A2 00
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Diagnostic expectations

(Bordalo, Gennaioli, and Shleifer, 2018; Bianchi, Ilut, and Saijo, 2021). Let E][dX;,| denote
a reference expectation for the variable h periods ahead. Then, the diagnostic expectation

with parameter 6 is given by:

Et [dXt+h] - Et [dXt—l-h] + 9 (]Et [dXt—l-h] - EtT [dXt+h]) .

Bordalo et al. (2018) assume that E}[dX;s] = Ei_1[dX;44]. In this case,

1 0 o o0 .. 1000 ..]
0 1+6 0 0 ... 0100

A=10 0 1+6 0 ...|, Md=1l00 10 .. (B.57)
0 0 0 1+6 ... 0001

for ¢t > 1.
Bianchi et al. (2021) develop a generalization of this framework to allow for long memory,

which assumes that E}[dX; ] = 3777, ajE; ;[dX;4]. With this assumption, we find

1 0 o o0 .. 1 0 0 0 ]
0 1+6 0 0 0 1 0 0

A=10 0 1+6 0 s A=10 0 14+6(1 —ay) 0 )
0 0 0 1446 0 0 0 14+6(1 — o)
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and, for any t,

10 0 0 ]
A=10 0 14+61-X" 0 0 : (B.59)
0 0 0 14001 =" )

Noisy information and diagnostic expectations

(Bordalo, Gennaioli, Ma, and Shleifer, 2020) As in noisy information and rational expecta-
tions, the agent observes a signal € + 14, where v, ~ N (0,1/7,). However, the forecaster then

overweighs representative states by using the distorted posterior
FO(elS}) = f(elSHRi(e)’ - (B.60)

Bordalo et al. (2020) assume that Ri(e) = f(€|S})/f(e|Si_U{E;;_1]e]}). This assumption

implies that the mean of the distorted posterior is given by:
Egt[e] = Ei7t [6] + 9 (Eiﬂg [E] - Ei,t—l [E]) (B61)

where E; ;[e] denotes the time-t rational expectation with information set S;. It follows that

the average expectation is given by

1+6
'l = Ca)me/mtt] ¢+l (B.62)
t TE/Ty+t TE/TV+t+1 ‘

(.

E)\t
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Thus the associated A; matrices are

1 0 0 0 100 0
00X 0 0 ... 01 0 0

A=10 0 X 0 .../, M=1]00Xx 0 ...|. (B.63)
00 0 A ... 00 0 A

Analogously to Bianchi et al. (2021), we can extend this model to include long-memory
as follows. Assume that Rf(e) = f(€|S})/f*(€|Sf), where € ~ i N'(E][e], e + (t +1)7,) and
Elle] = 22:1 a;E;;—j[e]. It follows that

E}\le] =Eis[e] + 6 (Eir [e] — Ef, [e]) . (B.64)

As a result, the average expectation is given by

t

Fld=|ato— "L ezaj( ttl-y )]e (B.65)

)T, +t+1 = T /T, Ft+1—3j

and defining now \; = (1 + 9)7/71fU4J:tJrl -3 (ﬁ—;ﬂl—j) we obtain the analogous A,

matrices as above.

B.3 Appendix to section 4

B.3.1 Financial intermediary

Set up decision problem formally and derive no-arbitrage conditions.
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B.3.2 Retailers

The Bellman equation of firm j is

2
. J .
Jt(pjtfl) —  max {1;3 y]t_htl]t Tthjt_ ﬁp {log< DPjt )] Y, + t+1(pyt)}
t

Kt Lt Yt gt Pjt—1 L+rf

s.t. yjt = E(kjta ljt)
Yit = (%) Y,

Substitute the production function and write the problem as

2
, A Jei1(kir, pi
Jt(pjt—l) = Tmax {%Ft(kjmljt) — Ryl — k]t ¢p [ g( Dji >] Y, + t1( jt pjt)}
t 1

gtslit Dt Pjt— 1+ Ty
Djt Ft(kjtaljt) e
—Y, = ——=~ Y,
P ( Y, '

Let n;; denote the Lagrange multiplier on the constraint. The FOCs with respect to p;; and

Pjt—1 are

1 Djt ) Y; Y; 0 Jt-‘r—l(k'tap't)
0= —=F(k;, lo L P At LR B.66
Pt t( gt ]t) ¢p 0og (pjt 1 pjt n]tpjt 1—|—’f’f ( )

Y,
Djt—

ath(kjt—lapjt—l) = lbp log ( Bt ) (B-67)

Pjt—1
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In symmetric equilibrium, the FOCs simplify to

. P\Y, Y 1 P\ Yo
OZFF(utkt_1,Lt)—¢p10g( t )_t_nt_t+—1+rt61/;plog( t+1> t+1

) P_y) P Py = P,
(B.68)
P, 1 Py
0=Y, —u,1 Y, —nY,+ —,1 — 1Y, B.69
t — Yy Og(Pt1) t — T t+1+rpr Og( P, ) t+1 ( )
log (14 7) = ——(1 — ) + —— 2 1og (1 4 7,11) (B.70)
0 m) = —(1— 0 s )
g t s Ur IR g t+1

where m, = P,/P,_1 —1 is the inflation rate. Define the real marginal cost as mc, = (e —n;)/e.

Then the equilibrium conditions can be summarized as

e Phillips curve:

log (1 + m441) (B.71)

-1 1 Y
log (1+m) = % (mct _ ) . as

€ +ry Y,

Labor demand:

- Y,
ht = Mmcg - aFL<Kt, Lt) == mct(l - Oé)ft <B72)
t
e (Capital demand:
~ Y,
ri = me, - OFk (K, Ly) = meja— (B.73)
Ky
e Production:
Y, = Fy(K,, L) = ©, K~ L}~ (B.74)
e Price adjustment cost:
2
v, = % [log (1+ wt)} Y, (B.75)

Dividends:

df =Y, — L, — rF K, — 0, (B.76)
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B.3.3 Capital producer

The Bellman equation is

K1t

Toa (K,
Ji(Ki 1, [;-1) = max {TtKKt—1 — I+ M}
1+

I
s.t. Kt = (1 — 5)Kt_1 + Mt |:]. -85 (I—t):| ]t
t—1

Let’s define Tobin’s () as the marginal value of capital at the end of period ¢

Q — aKJt—‘rl(Kt;It)
= 1 + 7y

The FOC with respect to K;_1 is

O JE 1 (K3, 1)
1+ T

Qi(1+r) = Ttlil + Q1 (1 —9)

aKJt(thly Itfl) = T,gK + (1 - 5)

The FOC with respect to I;_; is

L \° I
OrJe(Ki—1, Ii—1) = puQy <—t> S’ (—t>
Iy Iy

The FOC with respect to I; is

I Iy ) / < I )} OrJis
0=-1+ 1-S—)|-(——1]8 +
et [ (It—l) (It—l I 4 1+7rf

To summarize, the equilibrium conditions of the capital producer are

e Valuation:

270

(B.77)

(B.78)

(B.79)

(B.80)

(B.81)

(B.82)

(B.83)
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e Investment:

I I ,( I )] 41 Qi1 <It+1)2 /(It—H)
- s () - () s ()] + o (Lt
ot [ <It—1) (It—1> I L+ rf I; I

(B.84)
e Capital law of motion:
I
Kt = (1 — (S)Kt,1 —+ l,Lt 1 — S ]_ It <B85>
t—1
e Dividends:
df =rf K, — I (B.86)

For concreteness, let the S(e) be quadratic

(i _ 1)2 (B.87)

/ [t It
S|l— = — —1 B.88
(ft1> v (ftl ) (B.58)
B.3.4 Labor agency

The Bellman equation is

Ji1(Ny) }

1+Tt

t,Ut

Ji(N¢—1) = max {(ht — wi) Ny — (Ky + Knge)ve +
(B.89)

s.t. Nt = (1 — St)Nt,1 -+ QU
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Let \; denote the Lagrange multiplier on the constraint. The FOCs wrt N, vy, and N;_; are

i1 (Vo)

Ozht—wt—)\t—i— 1—}—7”t (BQO)
0= —Ry — RpQt + /\tqt (Bgl)
JI:(Nt—l) == /\t(l — St) <B92)

Combining these yields the job creation curve. In sum, the equilibrium conditions are

e Job creation:

Ko 1—3t+1< K )
— 4+ Ky =hy —wy + + K B.93
qt " ! ! T+7r \ G+ " ( )

e Dividends:

df = (hy — w) Ny — (K + Knge) vy (B.94)
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B.4 Appendix to Section 2.5

B.4.1 Fitting a model of beliefs

Figure B.1: Illustration of parametric belief models

FIRE
1.2

1.01

0.8 1

0.6 1

avg expectation

0.4 -

0.2 1

00. ................................ .................

(]
N
IS
(o))
o0
—
(]
—
N

Figure B.2: Estimated memory weights
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B.4.2 Decomposing GE forces

Figure B.3 shows the decomposition of the aggregate consumption response into all the
variables that enter the aggregate consumption function directly for each model of belief
formation used in our analysis. The job-finding rate and Ul duration emerge as the main
drivers of consumption response in the first four quarters. The shape of the consumption

response to the Ul duration is recognizable from the partial equilibrium exercise.
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Figure B.3: Decomposition of general equilibrium consumption response
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Appendix C

Appendix to Chapter Three

C.1 Appendix to section 3.2

C.1.1 Individual demand

The household enters time ¢ with assets A;; and chooses consumption and savings to solve

oo h—1

maxE”ZH Bit+s) [u(Cit) —v(N;p)], subject to

h=0 s=0

Citan + Aipint1 = Yguun + (1 +1) A 11n

The Euler equation is given by:

0 = T Bresall + P Esflul (Coren)]. (RY

I log-linearize the solution to the household problem around a steady-state equilibrium
in which (1 4+ 7)8 = 1 and all households are symmetrical: A; = 0, Y, =Y = 1, and

C; = C =Y = 1. Log-linearizing the Euler equation (C.1) obtains
h—1
Eislcipin] = cip— o Z Titts (C.2)

s=0

where ¢;; = dlog(Cj,t) and 17, = —dlog(Bi.).
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Linearizing the budget constraint, we obtain

-1
Citth + Qigrhi1 = Ygtrh + B Qitsn, (C.3)

where a;; = dA;; and (1 +r) = 7. Multiplying this equation by 4" and iterating forward

for each we obtain

Z 5h0i,t+h = Z 5hyg,t+h + 5_1%::- (0-4)
h=0 h=0

Taking expectations and replacing equation (C.2) obtains

00 h—1 00
Z g [Ci,t —0 Z TZH—S] = Z B"Eiilygien] + 87 i
Czt = Z@ Eislygen] + 5 iy ‘|‘Z Z B

s=0 h=s+1

=Cit = Z EislYygirn] + (1= B)B  ais + ZﬁhH Tit+h

h=

C.1.2 Proof of proposition 9

Computing group-average demand we obtain

e}

Cot = Z AYern] + (1= B8)B Ty, + Zﬁhﬂ Tgt+h:



APPENDIX C. APPENDIX TO CHAPTER THREE 278

Aggregating across groups, we obtain
Ct = Z WgEg,t
g
‘i’ctzzﬁg (1—5)Zﬂh7ﬁ tWern] + (1 —B) agt"‘Z@hH Tgt+h
g =0

S = Z 5h Z Wg%y gt [Wesn] + Z 5h+1rt+hv

where  m,a,, = 0 by asset market clearing and > 7,7y, ., = 1y, Finally, note that

+ Cov (/797 Eg t[yt+h])

Z 77-979 g,t yt+h [Z Wng] [Z 7Tg g;t yt-i—h]

=1 =FE¢[ys4n]
_ Eg,t[ytJrh] = _ =
= Evfyien] + Cov (v, =77 | Et[yesn] = (1 + CDesn) - Eifyernl.
t[Yernl
Aggregate demand is thus given by
Z B"(1+ CDi4n) - Eilyesn] + Z B, (C.5)

Finally, market clearing for goods market requires ¢; = v, and so equilibrium output

solves

y=>0-By+01-p Zﬁh + CDyyn) - Eilyein] +Zﬁ”“mh (C.6)

o0

Syu=(1-08) Z B" (1 + CDesn) - Eelysn] + Z B . (C.7)

h=1 h=0

Assuming Eg,t [Yt+n] = A\gyesn and defining A= s TgAg, We can write Ei[yern) = Miesn
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and

CDy ), = Cov (”yg, —E_g’t[yt%]) = Cov ('yg, @) = CD.
t[yt+h} A

Replacing these expressions in the equation above, we finally obtain the following:

v = (1—0) Zﬁh’l (1 +CD) - Ayeqn, + UZﬁhrf+h. (C.8)
h=1 h=0

C.1.3 Proof of proposition 10

Note that equation (3.18) can be equivalently written as

vy = (1—5)(1+CD) NYi1 + ory

+B[(1=p)) B2 (1+CD)- Ay + 0> _ By,

h=2 h=1
N -~ 7

=Yt+1

Sy = [5+(1 — 5)(1+ CD) ﬂ Yey1 + oy

If 7 = p'ry, then the unique solution to this difference with lim; .o, y; = 0 satisfies

ye = p'yo and
¢ N At t.n org
=[B+(1=pB)(1+CD)-\ +opr! &y = —.
P Yo [5 ( B)( ) }P Yo P Ty Yo 1—p[ﬁ—|—(1—6)(1—|—CD)-)\}
(C.9)
The solution with disagreement is
op'rd
Yt = (C.10)

1—p[B+(1—pB)(1+CD)-A
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and with constant attention

op'rd

L—p[B+(1-5)-A]

Yt = (C.11)

Computing amplification we obtain

(1-p)p-CD-A
1= p[A+ (- B)(1+CD)A]

At:

Note that
dA,  (1—pA+B8-5X))1-B)p-X
dCD (1 —p[A+ (1 - B)(1+CD)-A])’ . e

and so amplification is increasing in correlated disagreement.

Furthermore, the comparative static concerning persistence is given by

dA;, (1-8)-CD- X (C13)

b (1—p[3+(-H(1+CD) X))’

This derivative has the same sign as CD.

Finally, the comparative static concerning g is given by

d_-At__ ﬁﬂ(l—P)'CD'X (C.14)

A8 (1-p[B+(1-B)(L+CD)-A)”

which has the opposite sign as CD.

C.1.4 Utility cost of inattention

In this appendix, I derive the expression for the utility costs of attention, equation (3.23).
The exposition here translates the discussion in Gabaix (2016) to the setting in this paper.

As the main text discusses, individuals face no uncertainty around their forecasts. 1 define
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the value function of an individual with full attention as follows:
Vie(As Yo eantnzo) = max{u(C) + BiiVipa (Yo + (1 +1)A = C)} (C.15)
and the objective function in this problem is
0it(C) =u(C) + BitVier1 (Yo + (1 +1)A = C). (C.16)
Instead, the problem of an inattentive individual is given by
w(C) + BuEsalViesa (Ve + (L4+1)A = O] (C7)

Note that the individual acts assuming they will not update their beliefs. First, we want to
make a second-order approximation of the objective function around the point in which C' =
1, A=0,Y,, =1, ie., around the unshocked steady-state equilibrium. This approximation

yields

—B - T

+ terms independent of C, (C.18)

81)1"15(0)

where v(0) = “l) “and note that because the Euler equation —3¢c— = 0 holds, then we can

=15

write the following second-order derivatives. First, the curvature in C' is given by

v Y oV 1

because

oV L 0u'(C*(A)) . 2
Yo a—A—U(l)(l—ﬁ)ﬁ :
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By similar logic, we can write

0%v 0%
- - D) (]‘ - ﬁ)ﬁ_la
0COA 002
—9C/9A
0% 0%v
= (-0,
0CoY;, [[OLIN
—aC/0Yy,
and
Pv P 05"
0C 0B, p, 0C? <~
=0C/0B

Note that the solution to the problem of maximizing expected utility in (C.18) yields the

same solution we have derived before:

chela i) = (1 =B) Y B Eyilygarnl + (L= BB a+a )y B
h=0 h=0
Note that, for any C, we can write the utility value as

1 9 0?
Va2l .. ¢y +(a, 1) + terms independent of C,

vit(c) =v(0) + 5302¢ ~ 302 ;

where c; ,(a,1) denotes the rational expectations demand.

The realized utility cost of inattention is given by
* * 1 820 * * 2
vi,t(cgyt(a, 1)) — vi,t(cgi(a, Ai)) = ~5502 (cgi(a, 1) — cgyt(a, )\1)) , (C.19)

and note that

2
—\) Ygt+hYg i1+h

—
(@)
iQ*
?
=
|
<
jg?
>
N
[\
[l
VR
¢
Q|
S
—
|
>
<
<
Fy
>
v
[\
[l
¢
[
Q|
S
Q|
SIS
—

(C.20)
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It follows that the ex-ante utility cost of inattention is given by
1 0% = OC 0C
Co\) =572 > 2o (1= N)* Yooy, (C.21)
h h

where o, ; denotes the ex-ante perceived covariance between y 4 and y, ; which is assumed

to depend only on the horizons and not date ¢.

C.1.5 Horizon-varying attention

We may think about situations where individuals have different attentions based on the
forecast horizon. So, suppose that attention varies with the horizon, then we replace the

structural relation (3.16) with

Egalyren] = Agnesn- (C.22)

In this case,

Eyrn = Myesn, and  CDy = Cov (g, Agn/Mn)

where \, = >

g Wg)\g,h-

Equilibrium output now satisfies

ye=(1=8)) B (1+CDp) - Myern + 0> _ B (C.23)
h=1 h=0

It follows that the results in Proposition 9 still hold under the caveat that we must require
the properties to be met for all horizons.

Defining amplification in the same way, we find that

00 B Cahe1 Y
A = Z{CDh + (14 CDp) Aeyn} - Chtt) 5RA Ml (C.24)

h=1 Yy
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It follows that amplification is positive if CDj, > 0 for all h and negative if CD;, < 0 for all h.
However, exactly how amplification depends on persistence, and the discount factor becomes
less clear. This expression, however, suggests two facts: (1) the longer the effects on output,
the more significant is the impact of correlated disagreement, and (2) the more important
the general equilibrium channel, the more significant the impact of correlated disagreement.
The first can be achieved via a persistent shock, and the second with a higher marginal
propensity to consume.

To endogenize attention, I allow individuals to optimize their level of attention for each
horizon A; 5. It turns out that the utility costs of inattention can be written analogously to

what we have found before

J— T 2 7
Co(Ni) = _57 ZZ G_Y}L(?T (L= X)) (L= X 5) - %5005 (C.25)

Albeit not essential, I assume, as in Gabaix (2014), that people perceive no correlation across

the variables. Optimal attention thus solves

10%0 X aCN?
n;ﬁn—aacgg(ay) (1= Xin)? 220 —i—liZ)\zh (C.26)

Proposition 14. Optimal attention to horizon h is given by

K
/\i =\ = 0, 1-— ,
P ek =R { Awvg }

2
where A, = —ég—ég (g%) o?. It follows that:

1. Attention Mgy is increasing in 7.

2. Attention is decreasing in horizon h. There exists H > 0 such that A\, = 0 for all

h> H.
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This extended model still holds the central result that attention is increasing in the
income cyclicality. Furthermore, we also find that attention is decreasing in the forecast
horizon. The reason for this implication is as follows. The present the value of a change
in income at date h is given by 8", which means that the longer the horizon, the lower the
impact that those changes in income have on contemporaneous consumption. So, people
choose to devote more attention to incomes that are relatively close in time than to incomes
that are further away in the future.

Note also that for sufficiently far-off events, individuals become fully inattentive. Intu-
itively, for enough distant events, their impact on current consumption would be so small
that it does not pay off to exert the cognitive effort of trying to forecast them. Interestingly,

this model generates an endogenous “finite planning horizon”, a behavioral feature analyzed

in Woodford (2018) and Woodford and Xie (2019, 2022).

C.2 Appendix to section 3.3

In this appendix, I describe the data used in section 3.3. The data comes from the Survey

of Consumer Expectations (SCE) and the Current Population Survey (CPS).

Survey of Consumer Expectations The SCE is a monthly internet rotating panel sur-
vey of one thousand and three hundred (1,300) households that started in June 2013. New
respondents are drawn to match demographic factors from the American Community Survey,
ensuring population representativeness, and stay on the panel for up to twelve months. To
increase data availability, I aggregate individual responses to the quarterly level by averaging
within that time frame.

In this paper, I use the responses to the following question: “Suppose again that, 12

months from now, you are working in the exact same/main job at the same place you cur-
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rently work, and working the exact same number of hours. In your view, what would you say
18 the percent chance that 12 months from now your earnings on this job, before taxes and
deductions, will have...” Respondents are asked to assign probabilities to ten different bins:
higher than 12%, between 8% and 12%, between 4% and 8%, between 2% and 4%, between
0% and 2%, between -2% and 0%, between -4% and -2%, between -8% and -4%, between
-12% and -8%, and lower than -12%.

The SCE estimates a density distribution for household forecasts using the approach in
Engelberg et al. (2009). I assume that this estimated mean captures E; ;[Ay; ;1] where the

horizon h = 4 quarters or 1 year.

Current Population Survey The CPS is a monthly survey of around sixty thousand U.S.
households (60,000) conducted by the BLS, starting from 1940. This survey contains detailed
microdata on employment and income characteristics of members within a household.

To estimate the income cyclicality parameters, I use yearly data from the ASEC March
Supplement of the CPS from 2000 to 2019. I remove the Covid-19 recession from this
estimation due to its unusual features in terms of labor market incidence. Using the monthly
responses for 2012 to 2021, I also compute state-level average income growth Ay, for 2013-

21.

C.2.1 Forecast error

In the CPS data, I consider individuals who are in the labor force aged 20 to 64, who are
active in the labor force, and who are not in the military. Asin Acemoglu and Autor (2011), I
multiply top-coded weekly earnings and hourly wages by 1.5. When not available, I compute
weekly earnings using the information on hourly wages and weekly hours of work. I deflate
these weekly earnings by the CPI to measure real earnings. I then use weekly earnings

to compute average income growth at the state level using the sample earnings weights. I
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also aggregate the SCE responses to obtain a state-level average forecast using the sample
weights.

Using this data, the state-level average forecast error is defined as

ﬁS,t = A?Jz‘,tJrh - Es,t [Ayi,t—&—h}- (0-27)

C.2.2 Income cyclicality

To estimate 74, I use March Supplement CPS data. I restrict the analysis to households
aged 20 to 64 active in the labor force and not in the military. I focus on the set of 14 census
industries by matching the 1990 industry information to their corresponding industry. The

precise matching can be found in table C.1.

Table C.1: Census industry and 1990 Industrial Class. System

Industry Start  End Industry Start  End
1 Agriculture, Forestry, Fishery 10 32 8  Non-durable Man. 100 229
2 Public Administration 900 932 9  Durable Man. 230 392
3 Bus. and Repair Services 721 760 10 Retail Trade 580 691
4 Prof. and Related Serv. 812 893 11 Wholesale Trade 500 571
5 Mining 40 50 12 Personal Services 761 791

6 Transp., Commun., Public Util. 400 472 13  Finance, Insur., Real Est. 700 712

7 Construction 60 60 14 Ent. and Recr. Serv. 800 810

As in Acemoglu and Autor (2011), I multiply top-coded weekly earnings and hourly
wages by 1.5. When not available, I compute weekly earnings using the information on
hourly wages and weekly hours of work. I deflate these weakly earnings by the CPI to

measure real earnings. I use the unique individual identifier to match individuals across
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consecutive years.! I compute income growth for each individual and calculate nationwide
aggregate income growth using individual earnings weights.

At the industry level, I regress individual income growth on aggregate income growth
and recover the estimated parameter 7,. I include a vector of controls for a cubic polynomial
of age, sex, race, state, and level of education. In practice, I find that the conclusions do
not change if we exclude the vector of controls. I renormalize v, = ,/(>_, ms7,) using the

industry shares in 2018.

C.2.3 Robustness

Table C.2: Robustness exercises 2

Magnitude of Forecast Errors

(1) (2) (3) (4) () (6) (7) (®)

¥s -1.02 -1.73** -1.62** —1.56** -1.76"* -—1.64** —-1.63** —1.19*
Quarter F.E. v
High-skill share v
Numeracy share v
Avg. Tenure v

Avg. Age v

SN N N NN

Med. Income Share v

\

High Income Share v

'T use only matches for which race and sex coincide and for which age is consistent across the two
observations.
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Corrected forecast errors

In the baseline empirical exercise, I use the state’s average forecast error as obtained in the
data. However, note that in that baseline analysis, the unpredictable component of forecast
errors is also increasing in income cyclicality. So, the expected magnitude of forecast errors
can decrease in cyclicality only if attention increases sufficiently fast with income cyclicality.

In this appendix, in order to remove the dependence on the state’s business cycle ex-
posure, I divide the state’s forecast error by its average exposure, 7g and looking at the

following regression:

(FEs:/7s.)* = a + g + €5 (C.28)

The main result can be found in Figure C.1 and the robustness results taking into account

a variety of relevant control variables in Table C.3.

Figure C.1: Income cyclicality and the magnitude of forecast errors

27 o

1.5

Sq. Corrected-Forecast Error

State Avg. Elasticity

B = -4.00*** (0.72)



APPENDIX C. APPENDIX TO CHAPTER THREE 290

Table C.3: Robustness exercises

Magnitude of Forecast Errors

(1) (2) (3) (4) () (6) (7) ®)

Vs —3.37*  —4.10"**  —4.00"** —3.94** —4.15%** —4.02*** —4.02*** —3.55"**
Time F.E. v v
High-skill share v

Num. share v

Avg. Tenure v

Avg. Age v

Med. Inc. share v

SN N N NN

High Inc. share v

C.3 Appendix to section 3.4

C.3.1 Unions and labor supply

In this section, I derive the wage Phillips curve. At time ¢, union u sets the wage to maximize

WetsnNu 1 (W, 2
Z B" ' (Crn) (1= Tt+h)$ — 0 (Nesn) Nujgsn — oF (W h 1) .
h>0 t+h Ko u,t+h—1

I assume that the union works to maximize a utility valuation of the income derived from
the union labor supply and the utility cost of labor supply, subject to quadratic wage adjust-
ment costs. Note that, to measure the utility valuation, I use the aggregates for consumption
and labor supply, which implies that the union ignores the distributional consequences of

its decisions. Alternatively, we could assume that the union maximizes an average utility
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valuation considering these distributional consequences, as in Auclert et al. (2018). In prac-
tice, this would make little quantitative difference but would have the computational cost of
computing the average marginal utility of consumption and labor at each point. For these
reasons, | focus on this more straightforward representation of the Phillips curve.

When setting the wage W, ;, the union behaves monopolistically, taking into account the

response of demand which is given by

Wut T
N, = 7 N,

Taking first-order conditions, we obtain the following non-linear Phillips curve

w

(e —1) ™ = Ry (tw — 1) {—u’ (Cy) (1 —7)Y: + Hu 11/ (Ny) Ne| + By (€71 — 1) e™ivr,
Linearizing this equation, we obtain
T = Ky [0 e+ YTy — (Y — 7 — )] + BT, (C.29)
where K, = Ryt (N) N.

C.3.2 Jacobians without FIRE in Section 3.4.6

In this appendix, I provide the central sketch for the result in Section 3.4.6. Following
Auclert et al. (2021) and Auclert et al. (2020), I consider a generic representation of a
heterogeneous-agent problem as a mapping from some inputs X; to a time-path of aggregates
C;. In the model of this paper, the heterogeneous-agent blocks are each group of households,
the aggregates are the group’s average consumption and savings, and the inputs are their

incomes, taxes, and interest rates. To simplify, I will work with a representation with a single
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input and output, but the analysis can be easily extended to multiple inputs and outputs,
see Auclert et al. (2021). Furthermore, I also assume that all individuals in a single group
share the same beliefs. This can be easily extended.

Let v; denote the marginal utility of consumption The generic problem is

vi=u(vi},X;), fort>0 (C.30)
vol = (vi, XoY), fort>0,s>t+1 (C.31)
Dy =A (Vi X,) Dy, fort >0 (C.32)
Cy = c(vil, X;) Dy (C.33)

Here v, is the marginal utility of consumption which is related to the future expected future
marginal utility of consumption v{?; and the input today X,. The problem is discretized to
ng grid points, so v is ny x 1. The distribution over these grid points is given by D;;; and the
individual consumption choices are given by c (ijfl, Xt). Equation (C.30) thus represents
the Euler equation, and (C.31) defines the predicted future Euler equations. Equation (C.32)
determines how the distribution is updated given some transition matrix A. Finally, equation
(C.33) determines how individual choices are aggregated.

We are interested in the consumption response to an increase in the actual variable X;
and the expectations expectation X&', As it turns out, we can write the response to an

unanticipated 0.X; as follows

oC, 0 if t < s,
0X,

\715—5,0 if t 2 S,
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where J denotes the FIRE Jacobian. The effects of a shock to beliefs can be written as

(

0 ift <mors<m,
oC: _ 9C:—m .
W - ax 0 . tytfm,sfm - sﬂfmfl,sfmfl if t >m and s > m,
Jo,s—m if t=m and s > m.
\

It follows that

dct Z\Zﬁ sOdX +Z Z \7t m,s—m \71& m—1,s—m— 1) Xem

m=0 s=m+1

+ Z u70,s—td4ere’1E

s=t+1

t t o]
& dC; = Z Ji—s5.0 (dXs — dXS’S_l) + Z Z Ti—ms—m (dXSe’m . dXse’m_l)

m=1 s=m+1

+ i Trsd XS0,

s=0

Using the defition that X&' = X, if s < ¢, we can write the above expression in vector form:

dC =7 dX* +Y Ry (dX —dXe) (C.34)

t>1 .
Imtlal belief Forecast Revision at time ¢

where J = [J; 5] and

C.3.3 Utility cost of inattention

For every (a, z) such that the policy function implies ¢} ,(a, 2) < (1—7)y(zis, Yy:) +(1—7¢)a,

we can proceed in the same way as before. I define the value function of an individual with
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full attention as follows:
Via(a, 2) = max{u(c) + Bi B Viga (1 = 7y (i, You) + (1 —reJa—c, 2N} (C.35)
and the objective function in this problem is
vig(c;a, z) = u(c) + BB Vi1 (1 — 7)y(2is, You) + (1 —1)a — ¢, 2'). (C.36)
Instead, the problem of an inattentive individual is given by
u(c) + Bia it [Vier1 (1 — 1)y (i, You) + (1 = re)a — ¢, 2)]. (C.37)

Following the same steps, we find that the realized utility cost of inattention is given by

10%v(c(a, 2);a, 2)

* * * * 2
via(c) (a, 1)1 a,2) — vig(c (a, Ny a, 2) = -5 o (c5,(a,2,1) = 4 (a, 2, Ay)
10%v(c(a, 2);a, 2) dc(a, z) Oc(a, 2) X <
N _5 oc? X;L . 0X,, 85% (1 - )‘i,h)(l - >‘i7il>Xt+hXt+il-

It follows that the ex-ante utility cost of inattention is given by

Cola, 2)(Ni) = _%8 U(C(g;);a,z) Z

X,

d(a, z) Oc(a, z)

~ aXh 8)2’,3
Jhoh

(1=28) (1=2%) ox,.5,
(C.38)
where oy, ¢ denotes the ex-ante perceived covariance between Xy, and X, e
If ¢ (a,2) = (1 — 7)y(zis, Yge) + (1 — r¢)a then the individual is at the borrowing

constraint. Note that if an individual is borrowing constrained, then their consumption is

not changing given changes in future variables, i.e.,

dc(a, z)
0Xy,

—0, (C.39)
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for h > 1. This implies that the misoptimization costs of inattention to future variables are

exactly zero, i.e., Cy(a, z)(A;) = 0. These two facts put together allow us to write

10%v(c(a, 2); a, 2) dc(a, z) Oc(a, z) <
Cyla, M) = =5 = > o o (1) (1-25) 735,

X, X hh h

(C.40)

which equals zero since the partial derivatives of the consumption function are equal to zero.

C.4 Appendix to section 3.5

C.4.1 Individual demand

The household enters time ¢ with assets A;; and chooses consumption and savings to solve

maxF ZH Bigts) [w(Cig) —v (Niy)], subject to
h=0 5=0

Civin + Aitant1 = (L — 7qn)Yyuan + (1 +7)Ai i

The Euler equation is still given by (C.1) and its linearized form (C.2).

Linearizing the budget constraint, we obtain

—1
Citt+h T Qittht1 = (1—7)- Ygirh — ATepn - Y + BT i qn

—1
SCiprh + Qi1 = Ygirh — Texn + B Qiggn

since 7 = 0 and Y = 1 in steady state. We can again aggregate flow-of-funds constraints

and obtain

Zﬁ Cit+h = Z/B Yg,t+h — Tt—i—h] 5_16%,::- (C-41)

h=0
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Proceeding as before finally shows that

Cia = (1=08)D_ B"Eislygurn — mesn] + (1= 8)B rasy + > _ A" 7
h=0 h=0

C.4.2 Proof of proposition 12

The government-spending multiplier satisfies

dGiyn

h=1

[ guess and verify that the multiplier is constant over time dy,/dG; = Q-

Q=1+ oq [(1+CD)~XYQ—T}

1—o0c- -\
o= e —
l—p6-(1+CD)-A

> 0,

where o¢ = (1 — B8)pc/(1 — Bpc) € (0,1).

Note that
-y

ds2 0 QG'A
dCD 1-oc-(1+CD)- X"

and

C.4.3 Proof of proposition 13

The government-spending multiplier satisfies

dy: . - h—1 Y
o =1a 8)> 8 [(HCD) A

14 —5)§:5h1 {(1 +CD) . N B —T} ob.

n
it+h

296

(C.42)

(C.43)

(C.44)

(C.45)
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I guess and verify that the multiplier is constant over time dy;/dG, = Q:

Q=1+0c|(1+CD)- X Q=X

0— 1—Qg~(T+TC'XY)
1—og- (1+CD)- X"
dy} 06 -TC- X'
Q=129 —
dGr 1 — g5 - (1+CD)- A

=

=

where o¢ = (1 — 8)pa/(1 — Bpe) € (0,1), and dyz?/th = %~

With homogeneous beliefs )\;f _ (of which FIRE is a special case with A\, = 1), we
find that
TC = Cov (wg,XY/XY) = 0.

This means that

1—Qg')\

dyt/th: v
1—Qg(1+CD))\

and so targeting does not affect the spending multiplier.

Instead, suppose that attention is heterogeneous. Then,

<Y

d§2 . QG'A
dTC 1—gg~(1—|—CD)-XY

>0, (C.46)

which implies that the spending multiplier increases if the covariance between w, and A, is

higher.
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C.5 Extensions

C.5.1 Horizon-independent attention

The baseline quantitative model allows attention to vary with horizon. In this appendix, I
assess the robustness of the quantitative results to assuming that horizon must be constant
over time. The interest for this analysis stems from the fact that this independence on
horizon is closest to what would be obtained in a model with rational expectations in which
individuals receive noisy signals of the fundamental shocks, as in Angeletos and Huo (2021),
or in models of sticky information, as in Mankiw and Reis (2002).

Formally, I now assume that beliefs are given by
EidXen) = N - EyldXon] + (1= NY) - By [dX 1), (C.47)

and proceed as before to optimize for \;X for each variable X.

IiY

Ay =max{0,1— 5 (C.48)
0%v(a,z 00 Oc(a,z
R 5 (%) D(da,2) 30}

and

/ﬁlX

2
02%v(a,z 00 Oc(a,z
Zz f a(cz ) Zh:l ( B(Xh)> D(da, 2) : Ug(

)\;(:max 0,1—

(C.49)

for X =71,7r.
The quantitative results can be found below. In sum, the results emphasized in the main

text also hold in this case.
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Figure C.4: Consumption response for all groups
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Figure C.6: Business-cycle amplification: The role of persistence
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Figure C.8: Targeted spending multipliers
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Figure C.9: Targeted spending multipliers: The role of monetary policy
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C.5.2 Allowing for perceived correlations

Following Gabaix (2014), in the baseline quantitative model, I assume that individuals per-
ceive all variables to be uncorrelated. In this appenix, I show that the quantitative results

are robust to allowing for perceptions in correlations. Specifically, I assume that individuals
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perceive each variable to evolve as an AR(1):

dX i1 = pxdX; + 15y, (C.50)

where py denotes the persistence of variable X and Var(dX;) = 0% and Corr(dX;, dX,) =
px.x- 1 assume that peoples perceived correlations are equal to their empirical counterparts
and use U.S. data to estimate these correlations. The empirical standard deviations and

correlations can be found in table C.4.

Table C.4: Empirical covariances

Param. Description Value Param. Description Value
oy St. Dev. GDP 0.03 Pr Persistence real rate  0.59
o St. Dev. real rate 0.13 Py tax Correl. GDP-taxes 0.51
Otax St. Dev. taxes 0.01 Py.r Correl. GDP-real rate  0.12
Py Persistence GDP  0.87 prax,r  Correl. taxes-real rate —0.09

Prax Persistence Taxes  0.89

Solving the optimal attention problem becomes more difficult, since the problem is no
longer separable across forecasting variables. However, it is still possible to find a closed

form solution to this problem which takes the form:

Ay =1 — vk
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where

The quantitative results can be found below. In sum, the results emphasized in the main
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Figure C.11: Consumption response
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Figure C.13: Business-cycle amplification
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Figure C.15: Business-cycle amplification: The role of monetary policy
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Figure C.17: Targeted spending multipliers: The role of monetary policy
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C.5.3 Budget deficits

The baseline quantitative model assumes that debt is kept constant at its steady-state level
B; = B. In this appendix, I allow debt to vary over time by assuming a fiscal rule for taxes
as in Auclert et al. (2020). Formally, I assume that

B, — B
% .

TT=T+Y (C.51)

This expression implies that taxes are updated smoothly so that in the long-run government
debt converges back to the original steady state. However, note that it also implies that
upon increasing spending, the government only starts raising taxes a period later. In this
sense, this extension allows for budget deficits. Following Auclert et al. (2020), I assume
that the response of taxes to deviations of debt is given by ¢ = 0.1 per annum, which is in

line with the empirical results of the fiscal literature.
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Figure C.20: Consumption response for all groups
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Figure C.22: Business-cycle amplification: The role of persistence
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Figure C.24: Targeted spending multipliers
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Figure C.25: Targeted spending multipliers: The role of monetary policy
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C.5.4 Progressive taxation

The baseline quantitative model assumes that labor income taxation is constant. In this ap-
pendix, I allow taxes to be progressive by assuming the constant-elasticity retention function
in Heathcote et al. (2017). Formally, I assume that if an individual’s pretax labor income is

given by y;, then their after tax labor income is given by Ttyit_p , where 7; and p control the
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average level of taxation and progressivity, respectively. The modified government budget

constraint is given by
1
Gt + (]. + rt)Bt = / (yi,t — ’Ttyg;t_p) di + Bt_|_]_. (052)
0

Following Heathcote et al. (2017), I calibrate progressivity to p = 0.181. In my quantitative
exercises, [ fix progressivity and let the level of taxation 7; vary so as to clear the government
budget constraint.

Figure C.26: Optimal attention

Attention to Yy Attention to T Attention to r
10 1.0 10

0.8 0.8 0.8

0.6 0.6 0.6

0.4 0.4 0.4

0.2 0.2 0.2

0.0




APPENDIX C. APPENDIX TO CHAPTER THREE 314

Figure C.27: Consumption response
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Figure C.29: Business-cycle amplification
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Figure C.31: Business-cycle amplification: The role of monetary policy
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Figure C.33: Targeted spending multipliers: The role of monetary policy
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In the baseline quantitative model, I assume that income risk is countercyclical by calibrating

¢ = —0.5. In order to assess the robustness of the results in this paper to this assumption,

this appendix assumes that ( = 0 and recomputes the main quantitative results.
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Figure C.35: Consumption response
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Figure C.37: Business-cycle amplification
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Figure C.38: Business-cycle amplification:
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Figure C.39: Business-cycle amplification: The role of monetary policy
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Figure C.41: Targeted spending multipliers: The role of monetary policy
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