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Abstract

This paper addresses the question: how sensitive is the power of fiscal policy at
the Zero Lower Bound (ZLB) to the assumption of rational expectations? We do so
through the lens of a standard New Keynesian model in which people are dynamic
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. Our results are robust to whether or not
Ricardian equivalence holds. Finally, we show that the way in which tax policy is

communicated is critical to its effectiveness.
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1 Introduction

The Zero Lower Bound (ZLB) on interest rate significantly constrains conventional mon-
etary 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 circum-
stances, see, e.g., Christiano et al. (2011), Eggertsson (2011), and Woodford (2011).? In
addition, appropriately designed tax policy can mimic the effect of conventional mone-
tary policy on aggregate demand, see Feldstein (2003) and Correia et al. (2013).

In this paper, we address the 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. Under plausible
assumptions, the less sophisticated people are the smaller 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 sticky-wage, representative-agent New
Keynesian (NK) model. As in Correia et al. (2013), we assume that there is an unantici-
pated 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. Since
there is no inflation, this model is useful to highlight the effect of bounded rationality on
the income effects of government spending and the direct relative price effects of tax pol-
icy. We also develop an extended model that allows for time-varying prices and wages
to incorporate inflation effects into our analysis. Those effects strongly reinforce our con-
clusions about the relative sensitivity of government spending and tax policy as effective
policy tools when agents are boundedly rational.

We depart from rational expectations by assuming people form beliefs about future
endogenous variables via dynamic-level-k thinking. As in standard level-k thinking mod-
els, individuals understand the economy’s structure. However, they are limited in their
ability to predict the behavior of other people and, as a result, the time path for the en-
dogenous 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

!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.

2See also the analyses in Werning (2011) and Farhi and Werning (2016).



the future based on a finite reasoning process about other people’s behavior, involving k
iterations. In standard level-k models, people do not improve their ability to predict other
peoples’ behavior over time, so their “prediction” errors do not get smaller over time. This
feature raises potential issues about the robustness of the standard level-k models” pre-
dictions for the dynamic effects of a shock. To assess the robustness issue, we proceed
as in Jovino and Sergeyev (2018), and modify the standard level-k thinking model to al-
low cognitive sophistication to grow over time. This dynamic extension enables us to
investigate how the power of fiscal policy depends on both the level of people’s cognitive
sophistication and how quickly they learn over time.

In Section 3 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, Petri, and Werning (2020), we
establish that the size of the government-spending multiplier depends on agents’ level
of cognitive sophistication (Proposition 1).> The intuition is as follows. Other things
equal, higher government spending leads to increased labor demand 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, aside from special cases, 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, Farhi, Nicolini, and Teles
(2013) show that tax policy is a powerful tool for stimulating demand at the ZLB when
people have rational expectations. Following these authors, we consider a policy of low-
ering 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.

Suppose the least sophisticated people think that aggregate output will remain at its
pre-shock level. Then, the path for consumption taxes that supports the flexible-price al-
location 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, un-
der 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 of this policy

3As 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.



does not exploit people’s lack of sophistication.

These results show that tax policy is a powerful and robust way to stabilize the econ-
omy when the ZLB binds. The basic intuition is as follows. Suppose 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 the flexible-price allocation when the
ZLB binds, even if people are very unsophisticated.

Recall that our benchmark model assumes that the price level is constant. This as-
sumption does not hold in more general versions of the NK model. In those models, the
impact of government spending on inflation and the real interest rate plays an impor-
tant role in magnifying the size of the government-spending multiplier. When the ZLB
is binding, increases in government spending lead to upward pressure on prices, which
lowers the real interest rate and boosts the demand for consumption. To the extent that
people do not understand these equilibrium effects, the size of the government-spending
multiplier should be smaller (see 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. In section 4, we assume that nominal wages are set subject to Calvo-style
frictions as in Erceg, Henderson, and Levin (2000).* Since wages are not constant, neither
is the price level. We show numerically that the key results of Proposition 1 are stronger
because they hold for a wider set of model parameter values. The reason is as follows.
The simple model focuses on the income effects of a shock to government spending and
abstracts from the impact of government spending on inflation. The extended model
allows for both effects. As it turns out, expected inflation effects powerfully reinforce
our results. There are some special cases in the fixed-price model where the efficacy of
government spending is unaffected by bounded rationality. These cases are eliminated
once we allow for inflation effects.

Turning to tax policy, we suppose the government can impose time-varying tax rates
on consumption and labor income. With this proviso, we show that it is still true that

an appropriately designed tax policy can support the flexible-price allocation. As in the

4 Appendix D redoes the analysis of section 4 under the assumption that nominal prices, rather than
nominal wages, are subject to Calvo-style frictions.



benchmark economy, the policy that supports the flexible-price allocation does not de-
pend on the level of cognitive sophistication, provided the least sophisticated agents con-
tinue to expect the economy to remain at steady state. We also use the model to study the
implications of two alternative forms of tax policy: (1) a policy that does not condition on
the “right beliefs”, and (2) a policy in which the government changes consumption tax
rates, but leaves labor taxes unchanged. We show that even under these limitations, tax
policy still has a powerful stabilizing force.

With bounded rationality, the way that policy is communicated matters. In the re-
sults discussed above, we assumed that the government announced a sequence of con-
sumption tax rates that will apply during 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 substantially degrades the efficacy of tax rate
policy. The intuition for this result is as follows. When the 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 GE 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.

In our benchmark and extended models, Ricardian equivalence holds. A natural ques-
tion is whether our results depend on that feature. To address this question, we break
that equivalence by assuming that the least sophisticated people in the economy don’t
understand the government budget constraint. More sophisticated people understand
that constraint, but their views about the variables in that constraint may not coincide
with their realized values. The net result is that government debt affects aggregate de-
mand and output in this version of the model. We show quantitatively that our results
about the relative efficacy of spending versus taxes are robust to this failure of Ricardian
equivalence.

Taken together, our results weaken the case for using government spending to stabi-
lize the economy when the ZLB binds. At the same time, our results strengthen 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.

The paper is organized as follows. Section 2 discusses the literature related to our
paper. Section 3 describes our benchmark NK model with level-k thinking. Section 3.1
analyzes the effects of government spending and the implications of bounded rationality
for the government-spending multiplier in the benchmark model. Section 3.2 presents
our results on consumption-tax policy in the benchmark model. Section 4 considers the



extended model with time-varying wages and prices. Section 5 presents our results on
policy communication, and Section 6 presents our results in the model in which Ricar-
dian equivalence fails. Finally, section 7 contains concluding remarks. The proofs for all

propositions are in the appendix.

2 Related Literature

In this section we discuss the related theoretical and empirical literature.

2.1 Related theoretical literature

This paper belongs to a growing literature that studies the implications of deviations from
rational expectations for the effectiveness of macroeconomic 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 Werning (2019) use this approach
to study how deviations from rational expectations impact the efficacy of forward guid-
ance. Garcia-Schmidt and Woodford (2019) develop a closely related form of deviation
from rational expectations, which they refer to as reflective expectations. 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 expectations, individuals
have a limited ability to understand the general-equilibrium consequences of monetary
policy.5 Garcia-Schmidt and Woodford (2019) and Farhi and Werning (2019) show that
this effect limits the power of forward guidance and mitigates some anomalous implica-
tions of this policy under rational expectations.® lovino and Sergeyev (2018) apply level-k
thinking and reflective expectations to analyze the effects of quantitative easing.
Angeletos and Lian (2017) 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 ob-

tain a similar result about government spending when people have complete information

SSimilar 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.

6Similar results are derived in Woodford (2018) in a model in which individuals can only make con-
tingent 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.



about the shocks but are limited in their ability to forecast the GE consequences of poli-
cies. While the mechanism is different, this limitation attenuates the general-equilibrium
effects of those shocks as in Angeletos and Lian (2018). In our paper, we adopt a dynamic
extension of standard level-k thinking which allows to assess the sensitivity of our re-
sults to learning. In that sense, our framework is related to the literature on incomplete
information when people accumulate more signals over time, e.g., Woodford (2001) and
Angeletos and Huo (2018). For more recent work in incomplete-market economies see
Auclert, Rognlie, and Straub (2020), Guerreiro (2022), and Gallegos (2023).

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 Wood-
tord (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 behavioral 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 infinite planning horizon but 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 primary 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 grows explosively as government spending is back-loaded.
The key force underlying this result is that back-loaded spending generates more infla-
tion, which lowers the real interest rate when the ZLB is binding. Farhi et al. (2020) ex-
amine the fiscal multiplier puzzle in both representative-agent and heterogeneous agents
NK models with level-k thinking. They show that the government-spending multiplier is
generally lower, the lower 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 communi-
cation affects the power of tax policy at the ZLB.

Angeletos and Sastry (2020) 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 ver-
sus general-equilibrium effects of a given policy. Their substantive application is forward



guidance, while we focus on tax policy. In addition, we look at rules versus instrument
settings rather than their focus on instruments versus targets.

We develop a version of our model where Ricardian equivalence fails because indi-
viduals do not understand the government budget constraints. In that version of the
model, government debt and transfers affect aggregate demand and equilibrium output
even in the absence of liquidity constraints. 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.” Eusepi and Preston (2018) develop a the-
ory of inflation based on fiscal policy that assumes that people do not understand the

government’s budget constraint.

2.2 Related empirical literature

A large empirical literature documents deviations 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
of k is between 1 and 2.8 In our model, these levels of k generate very different behavior
than rational expectations. In a non-experimental setting, lovino and Sergeyev (2018) es-
timate 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 an extensive literature that characterizes people’s expectations of macro vari-
ables based on survey evidence, see, e.g., Coibion and Gorodnichenko (2012, 2015), Bor-
dalo, Gennaioli, and Shleifer (2012), and Angeletos, Huo, and Sastry (2021). A key con-
clusion from this literature is that on average, people’s beliefs about macroeconomic ag-
gregates like inflation and real GDP growth tend to under-react to changes in macro fun-
damentals 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
empirical work. D’Acunto, Hoang, and Weber (2020) estimate the impact of forward

7Wolf (2021) also considers a general model in which Ricardian Equivalence fails and shows that ag-
gregate allocations that are implementable with interest rate policy can be equivalently implemented with
uniform cash transfers.

8See also Stahl and Wilson (1995), Ho et al. (1998), Bosch-Domenech et al. (2002), among others.



guidance and consumption tax policies on household inflation expectations and spend-
ing. They show that forward guidance policies had little effect on household expectations
and behavior. However, consumption 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 powerful stabilization tool, even if people are not as sophisticated
as in the rational-expectations paradigm. Bachmann et al. (2021) provides strong evidence
of the efficacy of a temporary VAT cut in Germany when the ZLB was binding. They find
that (1) most households were aware of the policy change and (2) that people with dif-
ferent degrees of financial literacy responded 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.

3 A simple model

In this section, we describe a simple model to highlight the key features of dynamic level
k thinking in the context of an NK model. Sections 3.1 and 3.2 analyze the effect of gov-
ernment 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:
Y B'E[u(Cr) —v(Ny)], (3.1)
t=0

where u (C) = Cl=7'/ (1—c 1) and v(N) = Ni+e™'y (1+ ¢~ 1). Asin Correia et al.
(2013), we assume that the steady-state subjective discount factor g € (0,1) is perturbed

by a discount-factor shock:
& =e X170, (3.2)

fort =0,1,...,Tand ¢; = 1 for t > T. This assumption implies that the household’s
subjective discount rate between periods t and ¢ 4- 1 is

log Gt =p—x t<T-1,

Blra

where p = log 1. We assume that the shock satisfies x > 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
Ci+Gr =Y (3.3)

where G; denotes government spending. We also assume that steady-state government
spending is zero.
In this simple economy, the first-best (flexible-price) allocation is

Yi =Cr =Ny =1.

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

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

Py Wi
_ = — 1. .4:
b, W, (3.4)

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,

R =1, (3.5)

and then goes back to its pre-shock level: R; = ,8_1 fort=T,T+1,..
The fiscal authority sets government spending G;, consumption taxes 77, and lump-

sum taxes T;. The government’s intertemporal budget constraint is given by:

QuirnGean + Ric1Br = ) Qpin [TeasCopn + Tryn],  VE20. (3.6)
h=0 h=0
Here Q; ., is the discount factor between t and t + h,
t+h—1

_ —1
Qt,t+h = 1—[ Rm
m=t

fors > 1, Qt,t =1.

10



Households and expectations The household has perfect foresight regarding exoge-
nous variables and correctly anticipates the path for the discount rate shock, ¢;. We as-
sume the government announces sequences of nominal interest rates, R;, government
spending, G;, and consumption taxes, 7. The fact that the household correctly antic-
ipates the path for these policy variables is consistent with the idea that they see and
understand policy announcements.” However, the household is limited in its ability to
fully predict the equilibrium changes due to these policies. We denote by F; [Y;, ] and
F; [Ty, 1] the household’s time-t beliefs about the time ¢ 4 h values of output and lump-
sum taxes, respectively. For simplicity, we assume that these beliefs are what people think
those variables will be with probability one.

Our goal in this section is to transparently highlight the consequences of failures in
predicting the general-equilibrium implications of fiscal policies for their effectiveness.
For clarity of exposition, we assume that given their beliefs for output, the household’s ex-
pectations for lump-sum taxes are consistent with the government’s inter-temporal bud-

get. Formally, we assume that household beliefs for F; [T}, ] satisfy:

Y QueinFr [Teon] = Y Qurn [Gron — Typy (Fr [Yesn] — Gean)] + Re—1Br. (3.7)
h=>0 h>0

This expression implies that households don’t care about the timing of lump-sum taxes.
However, they do know that the present value of their taxes will change when there is
a change in government spending. However, because they may be incorrect about how
changes in G affect changes in Y, they may be wrong about how much the LHS of (3.7)
changes when G changes. In section 6, we relax the assumptions that people understand
the government’s intertemporal budget constraint.

The household enters period t with financial assets B; earning the interest rate R;_1.
As in Farhi and Werning (2019), we assume the household knows its contemporaneous
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 consump-
tion, C¢, and on its plans for future consumption 6t+h forh = 1,2, ... To the extent that the
household makes mistakes in predicting its future disposable income, actual consump-

tion will deviate from planned consumption.

9Bachmann 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 assump-
tions.
190ur results go through if we assume that the household does not see contemporaneous Y; and C;.

11



The household solves the problem:

1(71

max Z B §t+h 7, subject to
Crts h>0

Z Qpren (1+7715) Et+h = 2 Qt i {F Yesn] — B [Tegn) } + Re—1 By
h>0 s>0

Since wages are rigid, equilibrium output and labor are demand determined. The solu-
tion to the household’s problem implies C; satisfies

Ye — Tt + i1 Qtpen {F [Yen] — Fe [Trgn]} + Re1By

Cr =
o 147 11-0
(1+ 1) {1 + Ln>1 (ﬁh%> [Qt,t+hrt{ch] }

Replacing the present value of lump-sum taxes using equation (3.7), we obtain:

1+
(Yt = Gt) + L1 Qr v 1; [F [Yern] — G

1+Tt h:| 1-0

T+ Y1 (ﬁhég ) [Qt th T

Cr = (3.8)

Temporary and rational-expectations equilibria We start by defining a temporary equi-
librium. Because this general-equilibrium concept does not impose any restrictions on
agents’ expectations, it is a good starting point for our analysis. Formally, for given beliefs
{F: [Yisnl}i >0 @ temporary equilibrium is a sequence of allocations that satisfy private
optimality for households and firms and the budget constraint of the government. In
addition, markets clear. Equation (3.8) and the market clearing condition, Y; = C; + G,
imply that the temporary equilibrium output is given by

1+
Y1 Qb irn 1+TT [Ft [Yein] — Gy

Ye = Ve ({F: Yernlbnso) = Ge + T (3.9)
Y h>1 (ﬁh%> [Qt t+h 1;;;?'1}

for all t.
A full-information and rational-expectations equilibrium (FIRE) is a temporary equilib-
rium in which expectations are consistent with the equilibrium path for these variables:

Et [Yiin] = Yiin. The RE equilibrium, Y}, solves the fixed-point problem

Y = ({ﬁlhhzl) ’

12



for all t. Without uncertainty, the FIRE equilibrium is the perfect-foresight equilibrium.

Dynamic level-k equilibria To evaluate the full dynamic response of the economy to
rare and unprecedented events, we modify the standard level-k thinking model to allow
cognitive sophistication to grow over time, similar to Iovino and Sergeyev (2018).!!

We begin by describing the equilibrium under standard level-k. Let Yf denote the
time-t output level in an economy where all agents are level k, and let F [Y;, ;] denote the
beliefs of level-k individuals. To compute the level-k outcome, we must ascribe to people
views about the equilibrium populated by level-(k — 1) people. The recursion takes as
given what people believe in a level-1 economy (see Farhi and Werning 2019). We denote
these beliefs by F! [Y;] for t > 0. For convenience, we refer to these beliefs as belonging
to level-1 people, understanding that such people don’t exist in a level k > 2 economy.
Analogous to priors in Bayesian analyses, these beliefs are essentially free parameters.

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

Y =Y ({Ftl [YtJrh]}th) '

In the standard level-k thinking model, individuals believe that all other agents are
exactly one level below them regarding cognitive ability. So level-2 people believe the
economy is entirely populated by level-1 people. So, level-2 people think that output is

given by F2 [V, ;] = YtlJrh.

Y2 =V ({th [Yt+h]}h>1> =X ({Yt1+h}h>1) '

Level-3 people think that output is given by F? [Y;,,] = Y?. So output in a level-3 econ-

Y=Y ({Yf2+h}h>1> '

More generally, level-k people think that output is given by FF [Y;,;] = Ythr_hl So output

YF =, ({Ytl:hl}hzl) . (3.10)

We now use the definition of a standard level-k equilibrium to define a dynamic level-k

Output in a level-2 economy is given by

omy is given by

in a level-k economy is

equilibrium.

See also Bianchi-Vimercati (2022) for an analysis of the effects of forward guidance in a model of inte-
grated reasoning where individuals combine level-k thinking with adaptive learning.

13



Definition 1. A dynamic level-k equilibrium with initial level ky € IN and step 4 € Ny is a
temporary equilibrium, such that

F [Yiin] = E [Yein],

where ki = ko + ut.

Here F;[Y;. ] denotes the time ¢ belief of the representative agent about output at time
t 4+ h. There are two ways of controlling the degree of sophistication in the economy. First,
we can set kg to be higher so that people are initially more sophisticated. Second, we can
set 1 higher so that the level of sophistication grows more quickly over time. If y > 0,
then peoples’ beliefs converge to rational expectations. The dynamic level-k equilibrium
nests a standard level-k equilibrium if y = 0.

3.1 Government-spending multipliers

In this section we consider an increase in government spending, AG;, during the ZLB
periods, i.e., for t < T — 1. In addition we assume that consumption taxes are equal to

their steady-state level 77 = 7° for all periods.

Rational expectations In the simple model, the monetary authority pegs the real in-
terest 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 fo-
cus on rational-expectations equilibria for which Y; — 1 ast — oo, i.e., the equilibrium

converges to the pre-shock steady state. The household’s Euler equation then implies that
Ct=C1=Co=1lmCp=1
h—o0

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:

Cr = (BeX) ™ Crpq = ... = e 7(T=Dx=p), (3.11)

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

Y} = G+ e T-Hlx=p),
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Consistent with Bilbiie (2011) and Woodford (2011), equation (3.11) implies that govern-
ment spending does not affect consumption in the rational-expectations equilibrium. So
the government-spending multiplier is exactly equal to one
AYF _
AGy

1. (3.12)

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

Bounded rationality Relation (3.9) implies that the temporary equilibrium is given
by
Y i>1 Qtean [Ft [Yeien] — Geyn

Vi ({F [Yigs)}) = Gi + 7
Yh>1 (55%11> Qi

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., F! [V, ;] = 1 for t +h > T. This
assumption implies that Y; is equal to its steady-state level for t > T. It follows that
E Y = Ftkf [Yiip) = 1forall t+h > T . So we can write the equilibrium level of
output for t < T —1 as follows

T—t-1
1
Ye= Gt+0t{ Y. [E[Yin] — Grinl +—1_IB}’
h=1

_ _ oy [t o) (T—t-1) | o(x—p)(T—t-1)]7 1
where (); = [ev(x o) [ T T°© =P H € (0,1].

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

AYt T—t-1 |:APt [YH-I’Z] . 1:| AGH—I’I (3 13)

2140 :
AG T *,E AG;y, AG;

Note that the time t government-spending multiplier in a temporary equilibrium de-
pends on people’s beliefs regarding future income. 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
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policy (AF; [Y;p] = 0), then the effect of future spending on current output is negative,

T AGH,

0 .
f 2; AG;

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. This effect arises because people understand
the government budget constraint, an assumption that we relax in subsection 6.

The general-equilibrium effect of government spending is given by

T AR [Yiin] AG

0 .
! AGr, AG

(3.14)
h=1

Higher future spending leads people to believe 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 par-
tial and general-equilibrium effects exactly offset each other in this model.

We now consider the dynamic level-k economy and show that, under plausible con-
ditions, the less sophisticated people are, the less they consider GE effects when making
decisions. This effect leads to a lower government-spending multiplier. Suppose that
level-1 people think that the multiplier is 7, i.e., AF} [Y; ;] /AG;,j, = 1 for all t and h.1?
The parameter # allows us to flexibly parameterize the beliefs of level-1 people. When
1 = 0, level-1 people think that their pre-tax income is unaffected by government spend-
ing. When 7 € (0,1), level-1 people expect pre-tax income to rise in response to higher
government spending. When n = 1, level-1 people think that their post-tax income is

unaffected by government spending.

Proposition 1. Suppose that level-1 people believe AF} [Y, ] /MGy, =y forallt +h < T —1.
Then, for any ko € N and pu € INo:

1. If0 < 5 < 1, then the time-(T — 1) government-spending multiplier is lower than the

rational-expectations multiplier,
AY; < AY})
AG; — AGt.

12For simplicity, we assume that 57 does not vary with t and k. Our results would extend if we allowed 7
to depend on those timing parameters.
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Furthermore, if 1 — () ZST:_f_l AAG—&S > 0 for all t, then the government-spending multi-
plier is increasing in ko for all t > 0 and in y fort > 1.

2. Ify =1, then the time-(T — 1) government-spending multiplier is exactly equal to its value

under rational expectations,
AY:  AYY
AG;  AGH

According to the previous Proposition, for finite kg and y, the government-spending
multiplier is lower than under rational expectations for all 7 < 1. When = 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 1 = 1, level-1 people believe that their after-tax
income is unaffected by government spending, i.e., changes in government spending map
one-to-one to changes in pre-tax income. In this case, the government-spending multiplier
is unaffected by the level of cognitive reasoning kg or u. This result follows from the fact

that level-1 individuals expect the multiplier to be the same as in the rational-expectations

equilibrium.
With AF! [Yi,4] /AGiyn = 1, the GE effect in the government-spending multiplier,
(3.14) is given by
T—t-1
AGpip
Q —.
(o h:zl AG:

It follows from the Proposition that the multiplier is increasing in 7 because the GE effect
of increasing government spending is larger. Note that 7 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.

Recall that, based on survey evidence, Coibion and Gorodnichenko (2012, 2015), Bor-
dalo et al. (2020), and Angeletos et al. (2021) find that average beliefs about macroeco-
nomic aggregates like inflation and real GDP growth tend to underreact to changes in
macro fundamentals relative to the rational-expectations benchmark.'®> These findings
support the view that 7 is a relatively small number, strictly less than one.

According to Proposition 1, the size of the multiplier is higher the more sophisticated
people are. Sophistication comes in two forms: a level effect (higher ky) and a dynamic
effect (higher y). In either event, the more sophisticated people are, the more they under-
stand the GE effect which, implies that their consumption is higher.

In the extended model of Section 4 we show that the efficacy of government spending

is reduced even in the limiting case of 7 = 1. In that model, wages and prices are time-

3Interestingly, Bordalo et al. (2020) find evidence of overreaction of individual expectations to news.
However, in our model, average expectations are the key determinants of aggregate outcomes.
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varying. So, expectations regarding future inflation and its impact on real interest rates
are important determinants of aggregate demand. This extra general-equilibrium force

eliminates the sensitivity of our multiplier results to the case of 7 = 1.

3.2 Tax policy

This section discusses the efficacy of consumption-tax policy when the ZLB is binding.
Following 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 dynamic level-k thinking and show that a policy always
exists that supports that allocation. Moreover, under plausible assumptions, that policy
does not depend on peoples’ level of sophistication (kg and ), and its success does not
depend on people making systematic errors in their beliefs about economy-wide vari-
ables.

Assume that government spending does not respond to the discount rate shock so that
Gt 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

—0
Cry1, 1471/
Y =Y, R
! S <IB Ct T+ th+1

where we have set C; = Y;. This expression makes clear that the relevant relative price
of consumption at time f versus time t + 1 is the real interest rate times the ratio of con-
sumption taxes, R; (1+1f) / (1+1f4).

We write this Euler equation in log terms,

1+
Vi =Yi41 — 0O (Vt + log <—t> —(p— X)) , (3.15)

T+7,

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

Suppose that at time 0, the government announces that taxes will follow the path
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Tf = 1,%, where

for t < T. With this specification, the consumption tax falls at time 0 and then slowly

converges back to its pre-shock value. Also, note that:

log <1+—th*> =p—X-
1+ 77
Under this assumption, the relative price of consumption is equal to the subjective dis-
count rate even if the nominal interest rate is at the ZLB.
Equation (3.15) implies that, under this policy, y; = y;41 for all t. Since y; — 0 in the
limit, 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).

Bounded rationality Suppose that the government announces a path for consump-
tion taxes, 77, such that taxes go back to their pre-shock level as soon as the economy
exits the ZLB, i.e,, 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 equilibrium level of output is given by:

1+7f
Ys=1 Qttrs e Fr [Yers]

- S v 1+ 2 S
Ys>1 <ﬁs%) [Qt,tﬂ:TTfH

Y; — = Ve ({F [Yess]}) - (3.17)

Equation (3.17) highlights the effect of time-varying consumption taxes on consumption
and equilibrium output. For t = T — 1, we can write this equation as

This expression makes clear that setting 77, = (14 7°) e~ (x=P) — 1 implements Yr_; =
1.

It follows directly from (3.17) that, for exogenous beliefs, there always exists an ap-
propriate choice of 7; for which Y; = 1 for all . Of course, beliefs are endogenous to the
policy that is implemented. Proposition 2 shows that for every parameterization of dy-
namic level-k thinking (ko and p), there is a path for consumption taxes that implements
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the flexible-price allocation. As agents become more sophisticated, this policy approaches
the rational-expectations optimal policy, 7,”". In general, the path of consumption taxes
that implements the flexible-price allocation depends on ky and p. However, if level-1
people think their income will remain equal to its steady-state level, then the policy that
achieves full stabilization is the same regardless of kg and . Moreover, that policy coin-
cides with the optimal policy under rational expectations.

Proposition 2. Suppose level-1 people believe the economy goes back to steady state after the ZLB
period, i.e., F} [Y; 4] = 1 fort > T.

1. For each (ko, i), there exists a policy announcement {tf} which implements the flexible-
price allocation.

2. Suppose that F} [Y;,,] = 1 for all tand h > 0, then the policy {t{"} implements the
flexible-price allocation for all (ko, ).

In the appendix, we prove the first result. Specifically, we show how to construct the
path for consumption taxes that implements the flexible-price allocation for a given level
of cognitive sophistication.

A simple proof of the second result is as follows. Recall that under the tax policy
{7}, the rational-expectations equilibrium is Y;* = 1. By definition, this equilibrium is
a fixed point of the temporary equilibrium relation (3.17). Suppose level- 1 individuals
expect their pre-tax income to remain at its steady-state level. In that case, they will adjust
their behavior so that Y} = 1. Since F?[Y;;},] = Y}

t+h
same as the level-1 equilibrium. The same logic applies for any k;. We conclude that the

= 1, the level-2 equilibrium is the

belief F! [Y;, ;] = 1 is self-confirming under the proposed tax policy. So, 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.

Discussion We can summarize the key mechanisms behind the way spending and tax
policies affect the economy in the following way. A rise in government spending increases
aggregate demand, output, and labor income. So, government spending has a positive ef-
fect on household demand via a general-equilibrium response of individual income. Un-
der rational expectations, people understand this general-equilibrium effect and increase
their personal consumption, magnifying the rise in aggregate demand, output, and labor
in income. Under level-k thinking, people do not internalize these general-equilibrium
effects. So, the government spending multiplier is smaller. In contrast, a decline in the

consumption tax rate directly impacts the “price of consumption.” People do not need to
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understand anything about the general-equilibrium effects of the policy to see that con-
sumption is effectively on sale. It follows that household demand directly responds to
the change in policy, even absent any general-equilibrium considerations. Our proposi-
tion shows that the government can exploit this fact to implement the first-best allocation
via an appropriate tax policy.

A natural question is whether our results are robust to alternative ways of modeling
bounded rationality. In Appendix D, 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 (2020). We
show that Propositions 1 and 2 continue to hold for both cases.

We conclude this subsection by contrasting the efficacy of tax rate and interest-rate
policy. When Ricardian equivalence holds, 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 stim-
ulative power of forward guidance relies heavily on general-equilibrium effects. Those
effects become muted when people are boundedly rational. Instead, consumption taxes
can be changed as soon as the ZLB becomes binding. So, tax policy can effectively coun-
teract the effects of the discount-factor shock and support the flexible-price allocation.
This flexibility implies that, even when Ricardian equivalence holds, consumption-tax
rates have a significant advantage relative to interest-rate policy in circumstances where
the ZLB is binding. In section 6, we return to the case in which Ricardian equivalence
does not hold.

4 A model with Calvo-style wage rigidities

This section extends the baseline model to allow for time-varying prices and wages. We
introduce Calvo-style wage rigidities as in Erceg et al. (2000) and Schmitt-Grohé and
Uribe (2005). In Appendix E, 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 pro-
ducers, 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

21



the aggregate resource constraint is still given by (3.3).

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

Douglas technology using a fixed stock of capital, K, and a composite labor input, N;:
Y; = AK'N!%, (4.1)

Here N; denotes a composite labor input and A > 0 represents total-factor productivity.
For simplicity we assume that the capital stock is fixed at the level K. *The capital share,
«, is between 0 and 1.

The composite labor input N; is generated using a continuum of labor varieties ac-

cording to the technology:
0

1 ¢-1 -1
N; = [ / ", du} , (4.2)
0 7

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, maximizes

1
Pth—/ wultnu,tdu
0

subject to (4.1) and (4.2). Here P; denotes the price of the consumption good and w,

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

—0
Nyt = <Z;\”;tt) N, (4.3)
where 1
1 . 70
W; = [ i Wy du] , (4.4)
and o
Wi K

Households The household enters period t with financial assets By, which earn the in-
terest rate R;_1. Asin section 3, we assume the household knows its time-t income Y; and
taxes T;. When solving its dynamic consumption-savings problem, the household max-

imizes its utility which is evaluated based on today’s consumption, C;, and on its plans

4This assumption can be rationalized for business cycle dynamic analysis if there are large capital ad-
justment costs. See for example Rotemberg and Woodford, 1997 and Farhi and Werning, 2019.
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for future consumption, C4s 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=/ Myt
0

With wage dispersion induced by nominal rigidities, L; is not to equal Nj.

The representative household maximizes (3.1) subject to

_ _ Wy
(T+7) Can+ B = (1—1%,) B {ﬁ} Fi [Nt 1]

+ B [Qpn] = Fi [Tiqn] + E, [Pﬁ:r/hlgtih—ﬂ Biin,
where (), 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 {7/, 7/’ }. Household
beliefs for F; [T} ] satisfy:

Py Py W
Y QuinFe {tT} Fi[Tesn) = Y QrrnFr [ ;h} {Gwh — T, F [Copn] — T Fr {PHh} E [Nt+h]}
h>0 h>0 t+h
(4.6)
R 1
+ B;.
P/Pq "

Along with our other assumptions, (4.6) implies that Ricardian equivalence holds.

In appendix B.1 we show the solution to the household’s problem implies

1+1°
Y0 Qtinkt [ ﬁth] 1J?T+h [Ft [Yign] — Gigan]
C = — . 4.7)
TC

1+ Do (B52) [ Qe [B] e]

Labor market and unions Each household supplies 1, units of type u labor to a union
indexed by u € [0,1]. Union u sets the wage for type u labor subject to Calvo-style
frictions and labor demand given by (4.3).

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. In the
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presence of sticky wages, actual employment is demand determined.
In a symmetric equilibrium, unions that can reset their wages choose the same value.
We denote the new reset wage by W;'. In appendix B.2, we show that W} satisfies

we o Te(N g (B [%2]) (R [55]) RNk o (B L)
b 01 Yhio (BA) & (Ft [P"%th} )9_1 <Ft [%—:ﬂ )9 Fi [Ny v (F [Crin]) %

(4.8)
The union has perfect foresight with respect to exogenous variables.The union forms
beliefs about future aggregate prices, F; [P,/ Pt], wages, Ft [W;.,/Pyyp], consumption,
F; [Cyyp], the labor composite, F; [Ny, and labor input, F [L;, ] using dynamic level-k
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 7/, labor income taxes 7', and lump-sum taxes T; subject to the
intertemporal budget constraint:

Y QtnlrinGran+ Rec1Br = Y Qpron [T PesnCron + T Wi nNewn + Ten] - (49)
h>0 h>0

Temporary Equilibrium As in Farhi and Werning (2019), we assume beliefs regarding
future nominal prices and wages are scaled by P;,j,/E; [P, p]. 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 t, given beliefs, a temporary equilibrium is a sequence of allocations and
prices,
Ay = {Y:,Ct, Ny, Ly, P/ Pi—1, Wi/ Pt}

in which households, firms, and unions solve their optimization problem, and goods mar-
kets clear for each t. In appendix B, we summarize the equations whose solution defines
an equilibrium for this economy. This appendix also shows that the log-linearized tempo-
rary equilibrium can be computed using the following equations. First, the household’s
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optimality conditions imply that aggregate consumption is given by:

> G
¢t = (1—-p) h;ﬁh_% {Ft [Yesn] — ygwh} (4.10)

-0 Z B’ {”t+h — F [hga] — (%thth - %tc+h> + Xt+h} ,
h=0
where small case letters represent log-deviations of variables from their steady-state val-
ues, and Y = dlog(1+ 7f). Second, union wage-setting implies that wage inflation

Y = wy — w1 is given by

T =K i (BA)" {(4’ +a) F [nyn) + 0 Fefer ] + 8, + ftc—&—h} + % i (2 AuAE
. . (4.11)
where x = (1 —A) (1 — BA) /A. Price inflation 71; = p; — p;—1 is given by
=7y +a(ng—np_q). (4.12)
Finally, using the resource constraint we obtain:
%ct + %gt =y =1—a)n, (4.13)

Around a zero inflation steady state, n; = ;.

Generalizing Level-k thinking — Cognitive Hierarchies In our quantitative results, we
adopt a simple generalization of the standard level-k thinking model based on the cog-
nitive hierarchy model developed in Camerer et al. (2004). Whereas the standard level-k
thinking model assumes that people believe all others to be exactly level k — 1, the cog-
nitive hierarchy model allows people to consider that others may be distributed among
the levels of cognitive sophistication below theirs. We adopt this generalization for two
reasons. First, Camerer et al. (2004) argue that this model provides a better description of
the data. Second, under some parameterizations, this generalization of level-k thinking
also fixes well-known peculiar behavior generated by the standard model. In particular,
Garcfa-Schmidt and Woodford (2019) and Angeletos and Sastry (2020) show that when
applied to games featuring strategic substitution, standard models of level-k thinking
tend to produce a type of oscillatory behavior which takes the following form. The equi-

librium level of output lies below the rational-expectations equilibrium level when for
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odd levels of k but is above it when k is even.

To develop the generalization, we 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 consump-
tion and pricing decisions are such that A = A, where A? denotes the equilibrium allo-
cations and prices of an economy populated by level-0 individuals. Level-1 individuals
believe that the economy is populated by level-0 people so, F} [4; ;] = AY - Level-2in-
dividuals believe that a fraction f; (j) of the population is level j = 0, 1 and work through
the problem of level-0 and level-1 people and then solve the equilibrium under these as-
sumed shares. More generally, level-k people believe that output is the equilibrium when
the percentage of people of level j < k is given by f (j).

Camerer et al. (2004) assume that the distributions f (-) are consistent with the physi-
cal distribution of cognitive levels in the economy. In contrast, we maintain the represen-
tative agent assumption so 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 k; < ky and s,s’ < kg

f (8) _ fiy ()
fu &) fo, (&)

Let v = frx (k—1) for all k. In appendix B.4, we show that in the log-linearized model

(4.14)

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:

Ff[Aiin] = (1= vg) FE [ Apgn] + meAS L (4.15)

Here Af denotes the equilibrium in an economy where everyone is exactly level k — 1.

The standard level-k thinking model corresponds to the case of v, = 1.

Calibration For our quantitative results, we assume that the elasticity of intertemporal
substitution is ¢ = 0.5, the steady-state discount factor is B = 0.99, the discount factor
shock is x = 0.02, and the steady-state spending to GDP ration is given by G/Y = 0.2.
Consistent with the evidence in Chetty et al. (2011) we set the Frisch elasticity is go_l =
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 equals one. Following Correia et al.
(2013), we assume that the elasticity of substitution across labor types 6 is equal to 3, the
Calvo parameter A is 0.85, and the steady-state tax rates 7° and 7" are equal to 0.05 and
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0.28, respectively. Finally, we assume that level-1 beliefs about income and inflation are

given by their steady-state levels and set 7y, = 0.5 for all k.

4.1 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.

41.1 Results

Figure 4.1: Government-spending multipliers
Spending multiplier Cumulative spending multiplier
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The first column Figure 4.1 displays the government-spending multipliers for t =
0,1..,9, AY;/AG;, for various levels of kpand p. When we vary ko we hold yu fixed at
zero which corresponds to a standard level k economy. When we change u, we hold
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ko fixed at one. For reference, we also display the government-spending multipliers for
the case of rational expectations. In the latter case, the multiplier is initially close to 1.8
and then declines to about 0.9. 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 leads to a rise in households” demand for consumption and an increase in
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 result is a sequence of large multipliers.

Figure 4.1 shows that if kg = 1, the initial multipliers are substantially lower than
in the case of rational expectations. The size of these multipliers rises for higher values
of ko. Figure 4.1 shows that when y > 0, i.e.,, people become more sophisticated over
time, the government spending multiplier converges to its value under rational expecta-
tions. For the case of 4 = 1 (people become one step more sophisticated each quarter), it
takes one year for the multiplier to converge to its value under rational expectations. The
Figure also shows that as y rises, i.e. people become more sophisticated more quickly,
the multiplier converges more rapidly to its rational-expectations value. These observa-
tions account for the “hump-shaped” pattern of the multiplier for > 0. Two forces are
working on the dynamic level-k multiplier. As sophistication rises, the multiplier initially
increases because it is converging from below to its rational expectation value. But the lat-
ter is declining over time, and convergence requires that the dynamic level-k multiplier
declines.

It is useful to define the cumulative spending multiplier as®

YN y AG; AY,

M= = —.
Zt AGy Zt AG; AG

t

The second column of Figure 4.1 shows that the cumulative multiplier increases with kg
and . In the case of ko, the cumulative multiplier convergence to its rational-expectations
value because convergence pertains to sophistication at time 0. In the case of y, the cu-
mulative multiplier does not converge to its rational-expectations value, because conver-
gence refers to an event after time 0.

13Since 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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4.1.2 Robustness to 7

Recall that # denotes the level-1 individuals” beliefs about the size of the government-
spending multiplier, AF}[Y; ]/ AG;. . Proposition 1 establishes that, in the simple model,
the government-spending multiplier is lower than its value under rational expectations
for all 7 < 1. But the multiplier in the level-k economy is the same as under rational ex-
pectations when 77 = 1. Once we allow for inflation effects, the efficacy of government
spending is reduced even in that limiting case.

Our results for 7 = 1 are displayed in Figure 4.2. Comparing this figure with Figure
4.1, we see that the results for the two values of # are very similar. The reason why 7
plays a smaller role in the extended model is as follows. The simple model focuses on
the income effects of a shock to government spending in the ZLB. It abstracts from the
effects of government spending on inflation. The extended model allows for both effects.
So expectations regarding future inflation and its impact on real interest rates are an im-
portant determinant of aggregate demand in the extended model. The role of income
expectations becomes relatively less important. Even when 7 = 1, the inflation effects are
operative, generating a damped multiplier relative to the case of rational expectations.
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Figure 4.2: Government-spending multipliers with 7 =1
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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.

4.2 Tax policy

This section considers the efficacy of tax policy in the extended version of our benchmark
economy. We provide two results. The first 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 entirely rigid. This result is summarized in 3. Second, we show through a numerical
example that the tax policy remains a powerful stabilization tool for tax policies that are

even simpler than those contemplated in Proposition 3.
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4.2.1 Full stabilization with tax policy with sticky wages

Under rational expectations, the requisite tax policy sets consumption taxes according to
T = (1419 e T-00=p) 1, (4.16)

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, th’*, 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: §
-7 1-1"

T+17 1471

(4.17)

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.

Proposition 3. Suppose that level-1 people believe that the economy goes back to steady state after
the ZLB period, i.e., Ft1 [Apn]) = A={Y,C,N,L,1, W/P} fort > T and h > 0. Consider the
log-linearized version of the model economy. Then,

1. Foreach kg € IN and y € Ny, there exists a policy {tf, T{' } which implements the flexible-
price allocation.

2. Suppose that F} [A; ] = A for all t > 0, then the policy {t",7/"*} implements the
flexible-price allocation for all kg and y.

Here F![A;,;] denotes the beliefs of level-1 people. This proposition generalizes
Proposition 2 to the extended model and demonstrates that tax policy is still very power-

ful even under bounded rationality in the presence of time-varying wages and prices.

4.2.2 Efficacy of tax policy when the government is incorrect about peoples’ initial
beliefs

Proposition 3 establishes that if level-1 beliefs about economy-wide variables coincide
with their steady-state values, then the tax policy that delivers the first-best allocation
does not depend on the level of sophistication in the economy. A natural question is how
sensitive tax policy’s efficacy is to a mismatch between the government’s views about

level-1 beliefs and their actual values. To address this question, we suppose that level-
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1 beliefs correspond to the rational-expectations ZLB recession without tax policy.!® We
suppose that the government enacts the policy that achieves full stabilization under ratio-
nal expectations. We then analyze how the economy responds to this policy for different
values of y and k.

Figure 4.3 displays the dynamic path of output and inflation (in deviation from steady
state) for several values of kg in the first row, and y in the second row. For reference,
we also display the dynamic path of this economy under two scenarios: (1) full stabiliza-
tion, which coincides with the rational-expectations path for the proposed fiscal policy
(dark blue line), and (2) no fiscal response (dotted red line). Recall that, with no fiscal
response, the equilibrium under level-k thinking with these initial beliefs coincides with
the rational-expectations equilibrium for all k.

A number of results emerge. First, while the policy does not achieve full stabilization,
it does deliver substantial stimulus. The output gap is closed by more than half, even for
the case of unsophisticated agents, kp = 1 and u = 0. Second, the higher the level of
sophistication, the higher the efficacy of the proposed tax policy. Finally, when y is one or
two, the policy achieves near-full stabilization by the fourth quarter.

16We think of these initial beliefs as the worst case scenario for our tax policy exercise, since they would
be the limiting result of a learning process during the ZLB. Throughout the learning process, beliefs will be
generally more optimistic than in the limit. Christiano et al. (2023) show that it may take very long for a
learning process to converge to these limiting beliefs during ZLB spells.
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Figure 4.3: Tax policy when the government is incorrect about peoples’ initial beliefs
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For comparability with our analysis of the fiscal multiplier, we look at the cumulative
tax multiplier associated with the proposed tax policy. This multiplier is defined as the
cumulative increase in output during the ZLB period induced by the policy, divided by
the cumulative direct costs of the policy defined as dS; = 1} x C + /' x WN, where C
denotes steady-state consumption:

Y ,dy;

M= T .
Y i—0dSt

Figure 4.4 displays the cumulative output multipliers for several values of ky in the first
panel and p in the second panel.!” Consistent with our previous observations, the cu-
mulative multipliers are large even though the proposed tax policy does not achieve the
flexible-price allocation. Not surprisingly, the multipliers are increasing in people’s level
of sophistication, i.e., they increase with ko and y.

17When we vary ko we hold u fixed at zero and when we change #, we hold k fixed at one.
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Figure 4.4: Efficacy of tax policy to initial beliefs
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4.2.3 The impact of the simple Feldstein-tax policy

To achieve full stabilization, the government must adjust labor taxes to offset the distor-
tionary impact of consumption-tax policy (see Proposition 3). Arguably, governments
may be unable to undertake such a nuanced adjustment. So, we consider a simpler tax
policy in which the government only changes consumption taxes but doesn’t undo the as-
sociated distortions with a labor tax. Specifically, we assume that when the discount rate
changes, the government decreases the consumption tax rate by 10 percent and raises the
tax rate by roughly 1 percent per quarter until the discount rate returns to its pre-shock
level (see Figure 4.5).

Figure 4.5: Tax rates in a simple Feldstein-tax policy
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For simplicity, we assume that the government undoes the revenue implications of
this policy by adjusting lump-sum taxes. We refer to this policy as a simple Feldstein-tax
policy Feldstein (2003).

Recall that the equilibrium with no fiscal response depends on people’s sophistication
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levels. So, to assess the efficacy of the simple Feldstein-tax policy, we display the dif-
ference between output and inflation with and without that policy. See Figure 4.6. For
reference, we also display the difference between output and inflation under (1) the sim-
ple Feldstein-tax policy when people have rational expectations (in light blue) and (2) the
full tax policy which delivers the flexible-price allocation (dotted dark blue line).

A number of results emerge. First, comparing the dotted dark and light blue lines, we
see that the simple Feldstein-tax policy achieves many of the gains of the full tax policy.
Second, the simple Feldstein-tax policy achieves substantial stabilization even for low
levels of kg and y. In that sense, there are substantial gains even for simple tax policies.

Figure 4.6: The impact of the simple Feldstein-tax policy
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The first and second columns in Figure 4.7 display the cumulative tax multipliers for
various levels of kpand y respectively. For reference, we also display the multipliers for
the simple Feldstein-tax policy (solid blue line) and the tax policy that delivers full stabi-
lization (dotted blue line) as detailed in Proposition 3. Note that for any ko and y there
are substantial stabilization benefits from the simple tax policy.
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Figure 4.7: Cumulative Multipliers under a Pure Feldstein-Tax Policy
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5 Communication

Proposition 3 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. The first is a tax pol-
icy communicated and implemented as a sequence of actual tax rates, as we have been
working until now. The second is a tax policy that is communicated and implemented as
a rule involving endogenous objects like inflation and the output gap. We refer to these
two strategies as sequence-based and rule-based communication policies. The reason that
communication matters in our setting is straightforward. Under sequence-based com-
munication, individuals immediately know what tax rates will be in the future and incor-
porate those rates into their decisions. But under rule-based communication, individuals
must work out the policy’s future general-equilibrium effects to know what current and
future tax rates will be. This difference matters in a world populated by dynamic-level- k
thinkers.

For rules-based policy, we assume that the interest rate is given by a Taylor rule subject

¢r
R, = max {ﬁ_l (%) Y/, 1} . (5.1)

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

to a ZLB constraint,

with respect to the output gap. As in Correia et al. (2013), we assume that the rule for

consumption taxes and labor-income taxes is

141 PN,
Sl S )y g b 5.2
1+7, m{,B P4 ! (5:2)



and
-7 1-1"

A (5.3)

The government announces tax policy in the form of rules, (5.1)-(5.3). Under this tax
policy, if the ZLB binds, consumption and labor tax rates change from their steady-state

values. Regardless of whether ZLB binds or not, the relative price of consumption is given

by: )
1+ tf _ P, ”

t ct ZIB ! ( t ) Yt(Py

1+TtJrl

Critically, under this announced policy, agents must predict current and future output

values to forecast future tax rates. Peoples’ beliefs regarding monetary and tax policies
satisfy
1+7f

— g1 i o Py
1+7, -F (Pt—1> (F YD)

1-—1" 1—1"
L, Ll =F )
f[1+rf] t[lw}

Unlike the tax policies we have considered so far, this rules-based policy will not imple-

Fi | Ry

and

ment the flexible-price allocation. However, Correia et al. (2013) show that, under rational
expectations, this rules-based policy may still have a strong stimulus power. In our quan-
titative analysis, we follow Christiano et al. (2011) and set ¢ = 1.5 and ¢, = 0.25. In
addition, we set F} [A;, ] = A.

To compare the equilibrium under the rules-based policy to a similar sequence-based
policy, we proceed as follows. First, we solve for the equilibrium under rational expecta-
tions and obtain the implied path of consumption and labor tax rates. We then feed this
path of tax rates as an announced sequence in our dynamic level-k economy and compare
the levels of output and inflation obtained under the two modes of policy communication.

Figures 5.1 display our main results for different levels of kg and u. Columns 1 and
2 show the log deviation of output and inflation from their steady-state values under a
rules-based policy. Columns 3 and 4 display the analog results for the sequence-based
policy. The first and second rows show sensitivity to varying ko and p, respectively. For
comparison, the dark blue lines in Figure 5.1 depict the equilibrium under rational expec-

tations.
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Figure 5.1: Communication policy: Rules versus sequence-based policy
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Note that the rules-based fiscal policy has a powerful stabilizing influence on the econ-
omy under rational expectations. Without any fiscal response, the maximal drop in out-
put exceeds seven percent. With rational expectations, the maximal decline in output
would be roughly two percent under the rules-based fiscal policy. Figure 5.1 shows that
under dynamic level-k thinking, rules-based fiscal policy is much less potent than under
rational expectations. For example, when kg = 1 and y = 0, the maximal decline in out-
putis slightly over six percent, i.e., three times as large as under rational expectations. For
larger values of ko, the efficacy of rules-based fiscal policy increases as people can better
understand the evolution of future tax rates. When u > 0, the economy converges faster
to the rational-expectations benchmark. Nevertheless, the cumulative output loss in the
recession is higher than under rational expectations for all finite levels of .

Figure 5.1 shows that the sequence-based policy is much more powerful than the
rules-based tax policy. Indeed, under the sequence-based policy, output in the dynamic
level-k economy is higher than under rational expectations. Interestingly, the lower the
level of sophistication in the economy, the higher the output level. We see that output is
higher for low levels of kg and lower levels of u. The intuition for this result is as follows.
When the policy is directly announced as a sequence of tax rates, individuals immedi-
ately adjust their consumption and savings choices. However, due to their limited GE

reasoning, they do not fully internalize the negative indirect effects on today’s demand
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arising from lower future income and lower inflation associated with being at the ZLB.
So the demand for consumption is higher than it would be under rational expectations,
as are the equilibrium levels of output and inflation. Sequence-based communication is

more effective than rules-based communication when the ZLB is binding.

6 What happens when Ricardian Equivalence fails?

In the previous sections, we assume that people fully understand the government-budget
constraint and how lump-sum taxes adjust to different fiscal policies. Along with our
other assumptions, this information structure implies that Ricardian equivalence holds.
In this section, we investigate the consequences of abandoning this information structure.
Specifically, we assume that level-1 people do not understand the government budget
constraint. Higher level k people understand that constraint but, their views about the
variables in the constraint don’t coincide with their rational-expectations values. The net
result of these assumptions is that Ricardian equivalence does not hold in the dynamic
level-k economy. We show that for plausible values of ky and p, our results about the rel-

ative efficacy of spending versus taxes are robust to this failure of Ricardian equivalence.

Households Given arbitrary beliefs about labor income, capital income, taxes, and in-

flation, the household’s maximization problem implies that consumption satisfies:

P Wit
L0 Qurnlt [%—th} {(1 — ) Fi [

i } Ft [Nin] + F [Qpin] — B [Tt+h]} + Ri-1B;
(1+7) [1 + Ln>1 (ﬁ Cg—) [Qt,t+th [PtTf"] 1;?5'1}1_0}

(6.1)
People have beliefs about the path of lump-sum taxes and other aggregate variables. They
do not need to have beliefs about future government debt since that variable does not en-
ter their decision problem directly. But it is useful to define their implicit beliefs regarding
the path of future government debt. Using the government budget constraint (4.9), these
implicit beliefs about By, are given by

Py W,
Fi [Biy1] = Z Qt ikt {T} {Tfﬂtht { Pfﬂ Fi [Nin) + s (Ft [Yesn] — Gegn) + Fr [Tign] — Gt+h} :
Jr

6.2)
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Using (6.2), we can simplify equation (6.1) as follows:

1+
Y0 Qtprnkt [ B } 1j§h (Ft [Yiqn] = Gegn) + Biy1 — Fi [Biya]

T, ] 1=e

T+ Y01 (/356”5) [Qt t+sFe [Ptth} T

t= (6.3)

The analog equation for consumption when Ricardian equivalence holds is given by (4.7)
which we repeat for convenience:

[Prn] (1475,
Lo Quesi U 5et) [, [y, ] — Gra)
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t:

Note that there is an additional term By 1 — F; [B;11] in (6.3). This term captures the differ-
ence between the actual value of government debt at the beginning of t + 1 and people’s
implicit time ¢ belief about the value of that debt. If B; 1 — F; [B;11]> 0, then consumption
is higher. In effect, higher-than-anticipated government spending is perceived by people
as an increase in their net wealth. This failure of Ricardian equivalence arises for reasons
similar to those modeled in Eusepi and Preston (2018) and Woodford and Xie (2022).

Fiscal policy As in section 4, we assume that the sequence of government spending,
consumption, and labor tax rates are announced and fully internalized by individuals. Be-
cause Ricardian equivalence doesn’t hold, we must make assumptions about how lump-
sum taxes and debt evolve. For simplicity, we assume that government debt evolves
according to

Biy1=(1—pp)B+pgB: +p5 (Gt — G — (tf — 1) C— (/' —t") WN).  (6.4)

This rule is similar to the one used in Auclert et al. (2018). According to (6.4), government
debt returns to steady state with persistence pp and with an adjustment for government
spending and distortionary taxes. Lump-sum taxes to ensure that (6.4) holds.

For example, suppose that distortionary taxes are always equal to zero so that the time
t government flow budget constraint is given by T; = G; 4+ R;B; — Byy1. Replacing By
with (6.4), we obtain

=G+ (R =1)Bi+ (1 —pp) (Bt —B) + (1 —pp) (Gt = G) .

In steady state, lump-sum taxes are given by T = G + (R — 1) B. So, in this case, the path
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of lump-sum taxes that enforces (6.4) is given by:
Tt =T+ (R —1)B; = (R—1)B+ (1 —pp) (B = B) + (1 — p5) (G: = G).

An analog expression holds for the case when there distortionary taxes.

In what follows, we set the persistence of government debt to 0.9 quarterly, which is
within the range of estimates in the literature, see for example, Gali et al. (2007). We also
assume that the steady-state ratio of debt to GDP is 0.65, it’s value at the onset of the 2008

Financial crisis.

6.1 Spending multipliers

Figure 6.1 is the analog to Figure 4.1 for the case in which Ricardian equivalence doesn’t
hold. The first column of Figure 6.1 displays the government-spending multipliers, AY;/AG;,
t =0,1...,9, for various levels of kg and . When we change kg we hold yu fixed at zero.
When we vary u, we hold kg fixed at one. For reference, we also display the government-
spending multipliers for the case of rational expectations in dark blue.

Comparing Figure 6.1 and 4.1, three key conclusions emerge. First, for low values of
ko and u, the values of the multipliers are similar. Second, the value of the multiplier is
somewhat higher when Ricardian equivalence fails. The reason is straightforward: peo-
ple spend more when they don’t fully internalize the increase in lump-sum taxes associ-
ated with increased government spending. Third, for u greater than one, the multiplier
can be larger than its rational-expectations value at various times. Recall that the failure
of Ricardian equivalence means that people don’t entirely internalize the increase in taxes
associated with increased government spending. So, they feel wealthier and spend more
on consumption than people who have rational expectations. At the same time, less so-
phisticated people don’t internalize that government spending will increase their income
and inflation in the future. This force induces them to spend less than people who have
rational expectations. For low levels of sophistication, the second force dominates, and
the multiplier is lower when people don’t have rational expectations. The opposite is true
for high levels of sophistication. So kg close to 6 or y close to 3, the cumulative multiplier
is higher under dynamic-k level thinking than under rational expectations. As stressed
above, these values of kg and u are implausibly large relative to the available empirical

evidence.
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Figure 6.1: Government-spending multipliers without Ricardian Equivalence
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We conclude that for realistic values of kg and p, our quantitative model implies that
deviations from rational expectations dampen the efficacy of government spending in

stimulating demand at the ZLB, even if Ricardian equivalence fails.

6.2 Tax policy

This section analyzes the efficacy of sequence-based tax policy when Ricardian equiva-
lence doesn’t hold. We assume that consumption and labor income taxes are given by
(4.16) and (4.17). Recall that with Ricardian equivalence, this sequence of tax rates sup-
ported the flexible-price allocation. When Ricardian equivalence does not hold, this re-
sult doesn’t obtain, i.e., when tax rate changes are deficit-financed, they also generate
perceived wealth effects on aggregate demand.

Figure 6.2 displays our results for the non-Ricardian economy. The first and second
column Figure 6.2 displays the log-deviation of output and inflation from steady state,

respectively, for various levels of kpand u.
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Figure 6.2: Tax policy without Ricardian Equivalence
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Two key features are worth noting. First, the wealth effects associated with the tax
policies induce an increase in aggregate demand, so output and inflation are higher than
under rational expectations. Second, these wealth effects are small, so the sequence-based
tax policy generates outcomes that are quantitatively close to those obtained when Ricar-
dian equivalence holds. For example, output deviations from the flexible-price allocation
are always lower than 0.4 percentage points.

The intuition for why the wealth effects are small is as follows. Under the proposed
policy, the government lowers consumption taxes. But labor taxes rise to offset the dis-
tortions in labor supply. So lower consumption tax revenues are partly offset by higher
labor taxes revenues. So the increase in net wealth perceived by consumption is small.

7 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.
Specifically, we assume that people form beliefs about future endogenous variables via
dynamic-level-k thinking. This version of level-k thinking enables us to investigate how the
power of fiscal policy depends on both the level of people’s cognitive sophistication and
how quickly they learn over time.
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We conclude with the observation that, in many contexts, the assumption of rational
expectations is very useful. But when people are confronted with novel circumstances,
it is crucial to assess which results are robust to the assumption of rational expectations.
Our analysis documents that conclusions about the efficacy of government spending as a
way of stabilizing the economy when the ZLB binds are not robust to deviations from the
assumption of rational expectations. In sharp contrast, conclusions about the efficacy of

tax policy are robust to those deviations.
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A Appendix to Section 3

A.1 Proof of proposition 1

We begin by establish that these properties hold for the outcome of any standard level-k
thinking economy, i.e., with no step u = 0. Let Y} denote the level of output in an econ-
omy with constant sophistication k. We can solve for the government-spending multiplier

recursively as follows:

i k—1
MY ia Y | R g Al
AG: L 3G, | A

where the level-1 government-spending multiplier is given by

AY} Tt AGi i,

Suppose that 0 < 7 < 1. Note that since AG;,;,/AG; > 0, then AY}/AGt < 1 for all ¢t.
By induction, suppose that AY*™1/AG; < 1 for all ¢, then

AYk T—t-1 AYkil
it S I ON Z tHh 4 %Sl,
AGt h=1 AGt+h AGt
—_———
<0

for all t. Furthermore, if 1 — Q); Zg;lt_l AAGéth > 0 foralltand y € [0,1], then

AYtl T—t-1 AGt—i—h T—t-1 AGt—‘rh
M _li—a e/ G BGrn |
AG; { t ,§ YN R El AG: [ =

for all ¢. It follows that

AY? & AY, AGiin &1 AGiy  AY]

—=1+0Q —1 >1-0Q -1 =t

ae, M XI5, Y ag 2T L -Ug T ag,

By induction, suppose that AYX/AG; > AYtkfl /AGy, then

AYKHL T—t—1 [ AYK AG T—t-1 [ AYKk-] AG AYk
AG; = | AGin AG; = | AG AG; AG;
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Then the (1) holds for the standard level-k economy.
Now, suppose that 7 = 1, then

AYl T—t-1 AGt—l—h

It then follows that if AYtkfl /AG; = 1 for all ¢, then

AYk T—t—1 AGt+h

—1+40 1-1
YL P Dl Sl b ve)

=1

Note that for any initial sophistication level kg and step y, the spending multiplier is
given by
AY: AT
AG; AGy

It immediately follows that the results apply for any ko € IN and y € INj.

A.2 Proof of proposition 2

(1) As we show in the main text, for any level of cognitive sophistication, setting
14+t =(1+71)e X0 (A1)

implements Y7_; = 1 for all k.
For any ko and y, let k; = ko + ut. The equilibrium level of output at time ¢ is a function
only of current and future consumption taxes plus beliefs about future output:

147,

. (HTc)o (1-B) Do () P Y] +1
(1-p

1+ th 1+1

)ET t=1 po(x—p)h [1+H_hi|1_a+e(']"—t)g(x—p).

Note that E** [Y;, ] is independent of T; for all 4. It follows that we can construct a policy
as follows:

Set Tr_; to the value implied by (A.1). Then, proceed recursively from that date. For
eacht < T — 2, fix Ty, for s > 1. These imply a path for E* [Y;, ;] for & > 1. Let us choose
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T; so that

1+
(1+fdg A-PhT 1ﬁﬁ>#%m”J+l —1
C — =
1+ (1—B)TI—t-1eolx—p)h [11+_:t4;h:| 74 o(T-Bo(x—p)
or, equivalently,
1/c0
1+
1-B) -t 1+Ttr+ch> FN (Y] +1

1+t =(1+1)

(1 ﬁ);f‘t 1, mh[1+ﬂﬂq 7 4 eT-Ho(x-p)

1+7¢

This implies that
Yy =1

for all t.
(2) Suppose that F} [Y;,;] = 1. Then, the equilibrium in a standard level-k thinking
economy is given by

Ttl T, 1

Y1:<1+TC>U ( IB)Z (1+TC)+
t 1+TC
t

=1

1+7°

ex 11-0
(1—B) L=l tertx—p)h [HTM] + o(T=t)o(x—p)

It follows that Ff[Y;,;] = 1 and Yk ", = 1 for all standard level-k thinking economies.
Note that for any initial sophistication level kg and step y, the level of output is given by

Y = Yo

It immediately follows that the results apply for any kg € IN and p € INp.
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B Appendix to Section 4

B.1 Consumption function

The household’s optimal consumption plan satisfies:

Y550 QtrrsFe [PHS} {(1 ') B |:p+ } Fi [Ni+s] + Fr [Qpys] — F [Tt+s]} + Ry_1B;

1+ 1) {1 + Y1 ([35 égs) |:Qf,t+SFf [PHS} 1::5?} 1_0}

Cr =

Given their beliefs for output, the household’s expectations for lump-sum taxes are given
by 4.6. Replacing beliefs for lump-sum taxes, we obtain:

Y s>0 Qtt+sFr [PtTfs} {F [W”s] Fi [Niys) + 7 6F [Cros] + F [Qpys] — F [Gt+s]}

Cr =
1476, 1177
Pr(1+1f) {1 + Ls>1 <.BS CE?) [Qt,t—l—sFt [PES] HT;?] }
Using the fact that
W,
F[Yiys)| = F [ PHS} Fi [Niys) + Fr [Q 5]
t+s
and

Fi [Ciys) = Fi [Yivs] — Giys
we can write the consumption function as
Y550 QtivsFr [Peys] {Fr [Yers] — Giys + Tf g (B [Yeys] — Gros) }

G = 1-0o
S 1+ S
T+ Y1 (ﬁs (:Etts) [Qt t—l—s—t}t(l_i_;% )} ]

Pf(l‘f’Tf)

or equivalently

1478
Ys>0 Qtt+sF [ ps] 15%5 [F; [Yiss] — Gis]

1+Tf+s} 1=

T+ Y1 (,Bsg”s> [Qt,tJrsFt [Pﬁb} Tro

Cr =
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B.2 Unions and wage setting

In this appendix we solve the problem of the union and derive the wage equation 4.8. The
problem of a union that gets to reset its wage is

" ~
1- Tihs Wy t Ny t+s
1+ Fi [Prs]

max Y _ (BA)° {u' (Ft [Crys))

wu,t/{ﬁu,tJrs} s>0

= (B Lol s

subject to the constraint

—0
~ Wyt
1 = | ——— N¢. ..
u,t+s (Ft [Wt+s] ) t+s

Because every union represents an infinitesimal number of workers in each household,
the union does not directly affect aggregate consumption, C;, hours worked by the house-
hold, 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 variables, but is boundedly rational with respect to future endogenous vari-
ables.

The optimal reset wage W} solves the following first order condition:

* —0
Y (BA) 00 (Fi [Liss)) (%) Fy [Niss]

5>0
11—t Wi (p[wf }) F; [Nt+s)
= A (0—1)u (R[C Lts =
S;](IB ) ( ) ( t[ tJFS]) 1+th+s Ft [Pt+s]

which can be equivalently written as follows:

D) (R [#])" R Neslo (B [L2es)

1

D) (B [9e]) B Nl (B () s

wr 0 ITRo(BV & (R

Oy (e (B B

Py 0

B.3 Equilibrium conditions and the linearized system

Given beliefs, a temporary equilibrium denotes a solution to the following system of

equations:
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1. The consumption function

Pris] 1475,
Ys>0 Qtitsht [%] 14:% [Ft [Ytts] — Grs]

Ct - o 7
1 c 1-0
T4+ e>1 (55 gg?) [Qt,t+sFt [pﬂs} ;f;?}

where we have imposed market clearing, C; = Y; — Gy.

2. Unions optimal wage setting

we o IV aes (B [%]) (R [5e]) AN (R L)

T e s (R [

-1 0 .
S W s 17 S
Jtr }> (F [Ptt: ]) Ft [Nt+s] u’ (Ft [Ct_"_s])r:g_s
and the aggregate wage is

1
0

Wi = [AWS + (1= 2) (W) T

3. Real wages are equal to the marginal productivity of labor

W K\"*
—=1-a)A(=] .
o == a()
4. Output is given by
Y; = AK'N} ",
where
Ly = peN

where y_; = 1.

5. Market clearing

For each quantity and price X; we denote their log-linear deviation from steady state by
x¢ = log X; — log X. For taxes we denote their log-linear deviation by 7y = log (1 + /) —
log (14 7¢) and 1 = — {log (1 —1/') —log (1 — t")}. Finally, log¢;+1/Gt = xt, where
xt=x>0fort <T—1and x; = 0fort > T. The log-linear system can be written as
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follows.
Consumption is given by

G ad . .
Z B’ = { [Yiys| — ?gtﬂ} -0 Z B° {rtts — Fr [Ttipst1) — (Thss1 — Thrs) + Xigs ) -
s=0
(B.1)

Wage inflation 71}” = w; — w;_1 is given by

1-A)(1-pBA) & _ . .
it =LAV QBN §% (205 Lo, mpes] + 07 Fy vl + B + B+ s
s>0
(B.2)
1-A
+ 0 Y (B R,
s>1
Below, we show how to derive these two equations below.
Price inflation 71; = py — p;—1 is given by
T = 7'[%0 + aAny. (B.3)
Finally, output is given by
yr = (1—a)ny, (B.4)
and the market clearing condition is
C G
v + v8t =yt (B.5)

To first order, n; = I;.

Log-linearized wage inflation Wage setting is given by

() (5 [8]) Bl 51

Wi e (BN G (R[5
S L0 (BA) Grrs (Pt [PHSDG_l (Ft [VI\J/:_:;D Fi [Niss) ! (F [Cras)) ;—2&

and the aggregate wage is

W; = [Awl 04 (1-A) (wt*)H] =
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Log-linearizing the wage setting condition we obtain

wy —pr=(1-BA) ) (BA)’ {(th (4] + 0 F [crps] + s + ff+s}
$>0

Y (BAYF prasl — Y (B E (o],

s=1 s=0

< wp —wr =(1—PBA) Z (BA)? {(PFt [nt1s] + 0 B [erps] + s + ftﬂ—s} + i (BA)® Ft [pres]

5> s=1

- Z YU [pras] + pr —

or equivalently,

wi — i = (1- 1) Y (BA)° {@F [ne4s) + 07 F forss] + s + B4y — (B [wrss] — Fr [pres)) |

s>0

LY (BAYF [t

s>1

since F; [wyys| — Fi [pr+s| = —aF; [n4s) then

wf —w = (1= BA) Y (BA) { @Fs [mrs] + 07 Fi [cpss] + By + s + s i)}

s>0

LY (A F ).

s>1

Log-linearizing the aggregate wage condition we obtain
wr = Awi_1 + (1 —A) wy.
Now, define 7}’ = w; — w;_1, we can use the equation above to show that

Ay = (1= A) (wf —wy) & 1 = —— (wy —wy).
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Replacing w; — w; we find that

o (A=W A=)

Y (BAY {@Ft [4s] + 0 Fy [orrs] + s + Ty + aFy [Ht+s]}

A s>0
1-A &
+—— ) (BA) R[]
A s>1

B.4 Cognitive hierarchies

For simplicity, we show how to obtain equation (4.15) in a simplified linear model without
inflation. It is easy to extend these results to the model with inflation. Given their beliefs,

individual’s consumption is given by

et =(1-p) Zg)ﬁsgljt Yers] — 0 Z;')'BSH {ris — (Tfps1 — Thes) + Xeas | - (B.6)
5= s=

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
fx (j) for 0 < j < k — 1. The reasoning process underlying the generalized level-k model
is analogous to the process in the standard level-k model. 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. y? = 0. It is
always possible to specify beliefs { F{ [y;1s]} that support such an action.

Level-1 individuals believe that the economy is populated by level-1 people so F} [y1]
y?. Given current output y;,

- SY - S S A
) = (1= ) L BB e =0 B {rias — (o — 700 s} (B7)
s=0 s=0

Suppose that the economy is populated entirely by level-1 individuals. Solving (B.7) for
1 .
y; yields,

- S— C - S AC AC
y% = (1-8) Z p 1Ft1 [Ye+s] — ‘7? Z p {rt+s - (Tt+s+1 - Tt+s) +Xt+s} .
s=1 s=0

Level-2 individuals believe that a fraction f; (j) 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
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solution to
! (. e2
. e,
=Y Al (v7?).
j=0
More generally, level-k people believe that output is the solution to

Ff [Yen] = ka Ct+g (Ft [yt+h]> (B.8)

Since output is contemporaneously observed, people with different cognitive levels
expect different consumption levels for people who are less sophisticated than them-
selves. Technically, this means that level-k people think that level-j people behave ac-
cording to

C] ( Z ﬁs ytJFS -0 Z ﬂs+1 {rt+5 (ftc—l—s—&-l - ftCJrs) + XtJrs} ’ (B.9)

for j > 1. For simplicity, we assume that this equation holds for level-0 people.'®
Using conditions (B.8) and (B.9), the beliefs of level-k individuals can be written as

]/t+h Z fk ]/t+h,

where
. oo B . C %) A A
y{‘ = (1-8) Z B’ 1Ft] [Wits] — ‘7? Z B’ {Vt+s - (TtCJrerl - th+5) + Xt+s} .
s=1 s=0

Camerer et al. (2004) assume that the distributions f; () are consistent with the physi-
cal distribution of cognitive levels in the economy. In contrast, we maintain the represen-
tative 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 f (-) are such that for any ky < k and s,s’ < ky

fk1 (S) . sz (S)
L= S (B.10)
fu (8') i ()
18This assumption is convenient because we suppose that people see contemporaneous aggregate output

when making consumption decisions. In a continuous-time version of our economy, consumption would
effectively not depend on output.

58



Let v¢ = fx (k — 1) for all k. Then assumption (B.10) implies that f; (/) = (1 — %) fr—1 (j)
for j < k — 2. We can write the expectation of level-k individuals as follows:

k-2 .
Flyen] = Q=7 Y ficr DY+ v = = 2) B [yegn] + mviyy- (B11)
=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 yx, we can control the intensity of updating across level-k iterations.

B.5 Proof of proposition 3

Part1 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 correspond-
ing equilibria feature output, consumption, labor and wage inflation remaining at their
steady-state levels from t > 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 tax rates and policies. Finally, for a given level k, we recursively construct a se-

quence of policies {fc’k

T & } which implements the flexible-price allocation and always
features zero inflation for all ¢.

(1) Suppose that F! [yi+s] = F} [ci4s] = F! [niys] = 0 and F! [7%,] = F} [i45) = 0
if t > T. Then, setting ¢ = 77 = 7" = r; = 0 for all t > T, implies that consumption,

output, and labor for t > T are given by

o = E5P il BB i) = 0,

C
yr= ot = 0,

and

Yt
pu— :0’
" 11—«

respectively. Then, wage inflation for t > T is given b
p y g g y

o 1= 1) (L)

{q)nt + U_lct + ocnt} =0.
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Finally, this implies that price inflation is
=y +alng =0

fort > T +1,and 77 = —ant_1. This then shows the initial beliefs F! [y;1s] = F} [ct+s] =
Fl [ni4s] = F' [n¥,] = F!'[m4s] = 0 are consistent with what happens in equilib-
rium. This result implies that in the actual economy people believe F; [y1s] = Fi [ci4s] =
Ft [nt+s] = Ft [7’[;‘;5} = Ft [7Tt+s] =0fort > T.

(2) Recall that the temporary equilibrium for time t solves the system of equations
(B.1)-(B.5). This equilibrium does not depend on policies before time t. So, for each t,
level-k beliefs are unaffected by past policies, { ¢, T/ }Z;}]

(3) For t = T — 1, the level-k equilibrium levels of consumption and wage inflation

solve
by =—0{=F[nr]+ 1t 1 +x—p},

and

w _ (1=A)(1=BA)

-1 ATl AC
T = A {GDWT—l +0 Cer—1+ T +Tr_1+ tan_l} .

Note that by setting ¥, . = p + F; [7r7] — x, then c]%_l = 0. Since consumption remains

at its steady-state level, then yr_1 = nr_; = 0. Setting Ty ; = —1%;_;, implies that
nt_q = 0. Furthermore, since 717 = —ant_1 then this policy also implies that 777 = 0.

We now proceed recursively. At time f, fix the future policies {f +s,i’f+s}s>l and

the implied beliefs { F; yt+s] Fi [ctes), Fe [ness], B [0 B [Tegs Consumption at

} ts>1"
time f is given by we set £/ ¥ 50 that

1_
Ct = (

Z B’ Pt [Wits] — UZﬁ {rivs = B [Mpsia] = (ffrssn — Thas) + Xeas )

We set ¢ such that cf = 0, which implies

%C—MTil{SY

'S g » B EFt [yt+s]} —{-F[m] -t +x—p}

- 2 B {—F [Mss1] — (i1 — Tas) + Xtes — 0} -

60



Since ¢; = 0, it follows from (B.4) and (B.5) that n; = y; = 0. Wage inflation is given by

w_(1-A) (1~

7'L't:

A) &
:B ) Z (‘B)\)s {q)Ft [ﬂt+s] + 0'_1Ft [Ct—i—s] + ftn—i—s + i—tc—l—s + aF; [nt—i-s]}

A s>0
A o
/\ Z AB/\ Ft 7Tt+s]
s>1

We set 1/ such that 77;” = 0, which implies

& = =4 = 1 (BA) {oFi [nes] + 07 B evs] + 2o + B+ i [}

s=1

1
1—BA

Y (BA) i [).

s>1

These policies implement an allocation in which n¥ = 0 and nf”k = 0 for all . It follows
(B.3) from then n’t‘ =0 for all ¢.

Part2 Suppose thatbeliefs are anchored at the initial steady state. Consider setting taxes
on consumption and labor such that

= (1+1)e IO _1q,

1—7" 1-1"

1+t 1+t

Then, consumption is given by
47 1+
Ys>1 Qt,t+s$ {Y -G} Ys>1 Qtt+s HTT
Ci = : 1T S Sgtﬂ LY -G} =C.
Zszl (:BS gs) [Qt fis 1+T+ } :;>1;8
This implies that
Yi=CG+G=C+G=Y,
and then

1
Y \ =«
N; = — = N.
: (AK"‘)
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The reset wage is:

0
Wi e Lo(BA) G () NO'(L)
a 0

P 0-1cw —7
t Y520 (BA) Crs (%) Nu' (C) 1=
0 1+t (L) W
0—11—1"u' (C) P’

Then, from the first-order condition of the firm we see that W;/ P; is constant

which, combined with

1
1-0 1-0] 1-0
1P Wy
A(Mh) —1—(1—)\)( t)
b1 P by
implies that P; = P;_; for all ¢. Finally, this implies that Ny = L; = N. This result shows
that, under the proposed policy, the beliefs become self-confirming. It follows that the

W;

ji.__

result extends to any dynamic level-k thinking economy.

C Appendix to Section 5

C.1 Equilibrium conditions and the linearized system

Given beliefs, a temporary equilibrium denotes a solution to the following system of

equations:

1. The consumption function

1 C
Ys>0 Ft [Qt,t+sPtTTS ;f%s] [Ft [Yits] — Giys]

1-0’
Gt 7 Pys 1474
14 T (B42) B [ Qs B ke

Ct

where we have imposed market clearing, C; = Y; — Gy.
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2. Unions optimal wage setting

Wi 8 Y0 (BA) Zrs (Ft [PtTTSDB (Ft [I;a\/:—ibeljt [Nits] 0" (Ft [Le+s])
P07l (BAY e GEd )“ (Fe | B )9 Fy [Nis] ' (F [Cris]) Fr | 1]

and the aggregate wage is

1
-0

W= AW+ (1) (W)

3. Real wages are equal to the marginal productivity of labor

4. Output is given by

where

where y_; = 1.
5. Monetary and fiscal policies:
-7 1-71"

1+t 1+t

1+th _ﬁ_l( Pt >¢7TY(P]/
= A

1+ T Py

(C.1)

6. Market clearing
Ci+ Gt =Y.

For each quantity and price X; we denote their log-linear deviation from steady state by
x¢ = log X; — log X. For taxes we denote their log-linear deviation by 7y = log (1 + 7f) —
log (14 7°) and ' = — {log (1 —1/') —log (1 —7")}. Finally, log¢;+1/&: = Xt where
xt=x>0fort <T—-1and x; = 0fort > T. The log-linear system can be written as
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follows.
First note that

= 1

and

re+ 1t — T = PnTte + Py

Consumption is given by

ct = ) i ﬁs% {Ft [Yits] — ggus} -7 2135 {@nFe (1] + yFe [yers] — Fi [gsia] + Xers )

ﬁ s=1
(C.2)
Wage inflation 71}’ = w; — w;_1 is given by
1-A)(1-PBA) & _ 1-A &
rpp = UL P §™ (3005 Lo, ] + 07 Belersa] + aFs sl + 252 3 (BN R[]
s>0 s>1
(C.3)
Below, we show how to derive these two equations below.
Price inflation 71y = p; — p;—1 is given by
T = 1ty + alny. (C4)
Finally, output is given by
ye=(1—a)ny (C.5)
and the market clearing condition is
C G
?Ct + ?gt =Yt (C.6)

To first order, n; = ;.

D Bounded rationality — alternative models

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
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benchmark model under a generalization level-k thinking model called “Cognitive Hier-
archies” 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 (2020). For simplicity, we show this for the benchmark model
without inflation, but these same principles hold more generally. Furthermore, we keep
peoples’ cognitive ability constant over time to keep the models close to those developed
in Camerer et al. (2004), Garcia-Schmidt and Woodford (2019), and Angeletos and Sastry
(2020). It would be straightforward to extend these models to include learning in real

time.

D.1 Generalized level-k thinking — Cognitive Hierarchies

In this section, we show that our results for the standard level-k thinking in the bench-
mark model go through in the generalized level-k thinking model. We restrict our anal-
ysis 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-k thinking, an individual with ability k believes that everyone
else is level k — 1, the generalized model allows individuals to conjecture that the popula-
tion is distributed across all lower cognitive levels. Formally, we assume that individuals
with ability k believe that a fraction f (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 { F? [Y; 1]} which
justify Y2 = ) <{Ft0 [Yiss] }521) for all t.

Level-1 agents believe that everyone is level 0, i.e., f; (0) = 1, and so they believe that
output is given by:

F tl [Yiys] = Yto+s-

The equilibrium in an economy where all individuals are level-1 is given by

Y =V ({Ftl [Yf+s]}s21) '

Level-2 people believe that a fraction f, (0) and f, (1) are level 0 and 1, respectively. Un-

der the assumptions discussed in section 3.2, we can write their beliefs as
2 . ]
=) ()Y
j=0
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More generally, the level-k beliefs can be constructed recursively

1

Ff [Yiis] = Z(:)fZ (7) Yiys-
i=

We assume that agents of different cognitive levels agree on the relative proportions
of lower cognitive levels. Let y; = f; (k — 1) for all k. Then assumption (4.14) implies that
fr () = (1 —7%) fro1 (j) for j < k — 2. We can write the expectation of level-k individuals
as follows:

Ff [Yiis] = (1= 1) FF 70 [Yags] + Y5 (D.1)

Intuitively, the beliefs of a level-k thinker are given by a weighted average of the beliefs
of level k — 1 agents and the temporary equilibrium that would arise under those beliefs.
Standard level-k thinking corresponds to the case of 7y, = 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 gen-
eralized 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

Y=Y, f (k)Y (D.2)

D.1.1 Government-spending multipliers

We continue to define the level-k multiplier as AYX/AG; which is given by

AYE o T—ZH AFf [Yeys] | AGus
AG; L | TG, A’
where . .
AFtk [Yt] _ (1 _ ’)’k) APt ! [Yf+5] kAYt—:s
AGi s AGtys AGtys

for k > 2.The observed government-spending multiplier is given by:

N AYf
A_Gt - Zf(k)A_Gt'

k=0
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Suppose that APtl [Yiys| /AGis = t o/ AGtys = 17, this implies that

AYl T—t—-1 AGi’JrS

If n < 1, then AY}/AGt < 1 which implies thatAth [Yiys| /AGeys < 1. For any k, if
AFF[Yiis] /AGiis < 1 then AYF/AG; < 1, which implies that AFFT [V, 5] /AGs < 1.

As a result, for any f (k),
AY, & AYF
270 <1.
AG; kgof Qe AGy —
If n = 1, then AYtl/AGt = 1 which implies thatAth [Yiys| /AGtys = 1. For any k, if
AFF [Yiis] /AGiis = 1then AYX/AG; = 1 for all k, which implies that AFF* [Y; 1] /AGt.s =

1. As a result, for any f (k),

e IAGE R !

for all f (k).
If » > 1, then AYtl/AGt > 1 which implies ’cha’tAFt2 [Yiys| /AGtys > 1. For any k, if
AFF [Yiis] /AGiis > 1 then AYF/AG; > 1, which implies that AFF™ [Yi 5] /AG s > 1.

As aresult, for any f (k),
AY, & AYF

AG :k;)f(k) AG, = > 1.

Suppose that 1 — () ZST:_f_l AAG—&S > 0. Note that:

AYtl T—t-1 AGtJrS T—t-1 AGtJrS

s=1 s=1

If 7 < 1, then AY!/AG; > n and AF? [Yi4s] /AGiys > AF} [Yiys] /AGiys = 7. This
immediately implies that AYE /AGy > AYt1 /AG;. We now show that AFtk [Yigs] /AGiss
and AY!‘ /AG; are increasing in k. To see this, suppose that AYtj /AGy > AYtj -1 /AGy for all
j < k then this implies that AFtk+1 [Yiys| /AGiis > AFtk [Yi+s] / AGiys. Furthermore,

Ayk+1 T—t—1

AFf Vi) AGtis TE | AFF Vi AGpys

AYF

AG 1O Y. ~1 ~1

>1+0
P AGt + () Z

AGtys s=1

AGy

AGH—S

This shows that AYF/AG; is increasing in individual cognitive ability k. But the equilib-
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rium spending multiplier depends on the full distribution f (k). The analog statement
to proposition 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
le(:o fA(s) < Z];:o fB (s) for all k. Then, the government-spending multiplier is higher
in economy B than economy A.

If 7 > 1, then AY!/AG; < 17 and AF? [Yi4s] /AGeys < AF} [Yigs] /AGiys = 7. This
immediately implies that AYE/ AG; < AY} /AG;. We now show that APtk [Yigs] /AGiis
and AYf/AG; are decreasing in k. To see this, suppose that AYZ /AG < AYZ ~'/AG; for
all j < k then this implies that Al—"tk“L1 Yits] /AGys < AFtk [Yits| / AGiis. Furthermore,

AYtk+1 T—t-1 AFthrl [YH-S] AGt—l—s Tl AFtk [Yt+s] AGH—S

—1

_AYf

<140 Z

=140
AGt T Z t s=1

s=1 AGH‘S

AGtys AGy

This shows that AYF/AG; is increasing in individual cognitive ability k. But the equilib-
rium spending multiplier depends on the full distribution f (k). The analog statement
to proposition 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
YK o fA(s) < X5, fB (s) for all k. Then, the government-spending multiplier is lower in
economy B than economy A.

D.1.2 Consumption-tax policy

The equilibrium in this economy is given by

L (1) (AT () I f () F Vi + 1
f <1+th) (

1— ) £l el [ ] 7 (Tt(xp)
As before, beliefs about future output Ff [Y] for any k is only a function of future tax
policy, which implies that the analog construction of tax policy 77 implements Y; = 1.
Note, however, that this policy may now imply consumption heterogeneity across differ-
ent cognitive levels, because they may have different beliefs about future output. As it
turns out, this is not the case if F! [Y;;s] = 1. We show this next.

Suppose now that F! [Y;4+5] = 1. Then, announcing the tax policy 7/"* implies that
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Y! = 1. It then follows that Yf’k = YF = 1for all k. As a result,
Y, =1

for any f (k). This shows that proposition 2 continues to hold.

D.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 #,
Garcia-Schmidt and Woodford (2019) assume that beliefs evolve according to

dF" [Yiy
W el vy ),

for n > 0 and starting from the initial expectations F [Y;s], where Y/' denotes the equi-
librium in an economy with level-n people.We use supercript 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 1, i.e.,

00 kl—n

¢ [Yits] = Z F F Y] (D.3)

where Y/ * denote the beliefs that standard level-k thinkers have, which we develop in
section 3. Equation (D.3) can be used to analyze the relationship between the equilibrium
properties of standard level-k thinking and reflective expectations economies.

D.2.1 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-k thinking as follows:

AR [Yers] _ oot lem AFF[YF, ]
AGy s (k—=1)! AGrs

k=1
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Suppose 7 < 1. Since AYtk/AGt < 1 for all k, then AF/ [Yi4s] /AGiys < 1 for all n.
Also, since the level-k multiplier increases with k, then so does the level-n belief over the
multiplier. Suppose 7 = 1. Since AYtk/ AG; = 1 for all k, then AF} [Yi4s] /AGi4s = 1 for
all n. Suppose 7 > 1. Since AYtk/AGt > 1 for all k, then AF}* [Yi1s] /AGtys > 1 for all n.
Also, since the level-k multiplier decreases with k, then so does the level-n belief over the
multiplier.

The equilibrium spending multiplier under reflective expectations is given by:

AY?! ! [AFt" [Yies] 1} AGiys

G 1T L | Tac,., AG,

This relationship follows directly from Lemma 1. If # < 1 then since AF/ [Yiis] /AGi s <
1 for all ¢, then AY/'/AG; < 1 for all t. Also, since the AF [Yi4s] /AGtys is increasing
with n, then AY}'/AG; is increasing in n. If § = 1 then since AF]" [Yi4s] /AGi1s = 1 for
all t, then AY/"/AG; = 1 forall t. If > 1 then since AF} [Yi4s] /AG+s > 1 for all ¢,
then AY/'/AG; > 1 for all t. Also, since the AF}' [Yi1s] / AGs is decreasing with n, then
AY]"/ AG; is decreasing in n.

D.2.2 Consumption-tax policy

The temporary equilibrium with reflective expectations is given by:

Yo (1 + TC)U (1-p) Zg;1t_1 <11—:T.t?§s> F' [Yigs] +1
t
(1-p

¢ c 1-0 ’
1+ T ) ZZ:—lt—l eg(x—p)s [%} + e(T_t)‘T(X_P)
where P
t+
t dn ==Y — F [Yigs] -

As it turns out, the results of Proposition 2 extend to the model with reflective expecta-
tions. We prove this result below.

Set 77 _, to the value implied by (A.1). Then, proceed recursively from that date. For
eacht < T —2, fix 7/, for s > 1. These imply a path for Y/, for s > 1. Let us choose 7{
so that

i 1+7f
(1+Tc>0 (1= B I (52e) B (Y] +1
1+7f
ENCRY:

c 71—
) £t ertemp)s [ L] 7 1 eT-Ho(x—p)
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or, equivalently,

1/0
1475,
C c ( ’B)ZTt1<1—:tT+C>Ftn[Yt+s]+1
1+Tt:(1+T) Ttl . =
(1-B) Loy Terrpk [ 1+tr+cs} + e(T=to(x—p)
This implies that
Y/ =1
for all ¢.
Suppose that Y* = 1 and
th = th’* = (1 + TC) g_(T_t)(X_p) —1.
Then,
1+ c,*s
YO_(1+TC)U (1- ) TI5 () +1 B
b ¢ c 1— -
PR (10— ) ST ertiemes [ ] oMo lrp)
and dF] [Yiys]
D)y B =1-1=0,

which implies that dY}*/dn = 0 for all n and then Y}' = Y? = 1 for all n.

Rules versus targets Figure D.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 (2020), 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 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 cog-
nitive sophistication and the level of output also converges to the rational-expectations
equilibrium as 7 increases.

This confirms the claim in the paper that all the results in the benchmark model extend
to the reflective expectations model.
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Figure D.1: Rules versus targets
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D.3 Shallow reasoning

Angeletos and Sastry (2020) 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 atten-
tive to changes in the economic environment. For simplicity, we work with the linearized

equilibrium relation. The consumption of individual i can be written as follows:

T—1— T—1—t
cit=(1—p) Z ﬁ [IEzyH-s Qras] —0B Y B {rers — AT o1+ Xees )
s=0

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; =
% [ ¢i¢di + g¢. Individual i 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
=g+ ((1-p Z B 1 lEyt+s Qtts) —yY Z B {rtrs — A g1 + Xeas ),

where E [y;] = fol E, [y¢] di denotes the average expectation in the economy. Let

T-1-t T—1-t

-(1-p) Z B 1gt+s——‘7,3 Z B {7t+s At +7Cf+5}
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We can write

where
Yo 01 g .. p1t Yo
00 1 .. p2 b4
y= 71 s M = IB P Y = 1
Yr-1 0 0 O 0 Yr 4
This implies that
J— —2 J—
Ely] = (1-8)ME" [y] + E[¥],
where E" []=E [Ehil []} 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 & goes to infinity, we obtain

(ee]

Elyl= Y {(1-p)M}'"'E"[¥].

h=1

Following Angeletos and Sastry (2020), the behavioral assumptions imply that E" Y] =
MY and so
Ely]=A[I—(1-p)MA] ¥ =y,

where the last equality follows from the fact that

y=(1-p)ME[y|+¥=(1-p)MA[I-(1-p)MA] ' ¥ +¥
—[I-(1-B)MA 'Y

As a result, we can write the equilibrium relation as:

T—-1-t . c Tt ) ¥
Ye =8+ (1 - ;B) Z p ! [Ayf-l-s - gt—l—s] - ?Uﬁ Z B {rt—l—s - ATH—S—H +Xt+s} .
=1 s=0
S (D.4)
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D.3.1 Government-spending multipliers

Using the equilibrium relation (D.4), we find that the fiscal spending multiplier solves the
following recursion:

AY; Tt [ AYies AGiis
—— =14(1— ) 51{/\ —1} . D.5
AG; 1=p) = p AGiys AG; (D:5)

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:

AYr 1 1
AGr—1
This then implies that
AYT,Q AGT—1
=1—-(1- 1A ———.
AGT A b ve

Since A < 1, then AYr_»/AGr_» < 1. As A — 1 then AY7_»/AGp_» — 1 which coin-

cides with the rational-expectations multiplier. We can also see that the fiscal multiplier
is monotonically increasing in A,

AY7_
dAG?,zz _ ( —ﬁ) AGT 1 <0
A AGr o~

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/AGi4s < 1foralls > 1 then

AYt T—1—t

1|y AVt AGtys
— =14 (1- 51[/\ —1} <1
AG; ( A) S_Z‘i B AGis AG;
Furthermore,
. AYi‘ li AYt‘Jrs AGiers
lim =14+ (1- s—1 —1 =1
A—1 AGt + Z ‘B L\—ﬂ AGt+S ] AG,}

as long as lim, 1 ﬁéj :

= 1. This result shows that all time ¢t spending multipliers con-
verge to the rational-expectations multipliers as A goes to one. Furthermore, under the
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assumption that
AG
1 t—i—s

2: ﬁs 0, (D.6)
we find that AY; /AG; > 0 for all t. Differentiating (D.5) with respect to A, we obtain:
AY, N
d AGtt Z ﬁs 1| AVtis /\d 5Grre | AGiys
dA AGt+s dA AGt -

Under assumption (D.6), we know that AY;s/AG¢s > 0. Then, if

AYiys
Yo “AGrys

o

then dAYf /dA > 0. Since we have shown that dAYT 2 / dA > 0, then it is true that

dxct AYf -/dA > 0 for all £. This confirms that the shallow reasonmg spending multiplier is

1ncreasmg in the sophistication parameter A.
Finally, suppose that AG; = {!AGy for { > 0, then

AYr_ AY

Aéii:1—u—ﬁﬂyﬁug¢ A?f/%

and
AY} 1 AYt+s
—1+(1-p s— —1| 7. D.7
AG -1t Z ﬁ { ACr.. }@ (D.7)
AYiis —1—
AY dxc= T 1t AY,
t/dC Z ‘BS 1/\ AGH—S (1_ﬁ) Z ﬁs—l /\AGtJrS -1 S§5_1<0
s=1 N t+s ,
<0

as long as d 37 AY”S ~/df < 0. As a result, the spending multiplier is decreasing in the persis-

tence of government spending.

D.3.2 Consumption-tax policy

Suppose that g; = 0 for all t 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 ift<T-1
r =log Ry —p =
0 ift>T.
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Then, we find that for t > T output is back to steady state y; = 0. However, fort < T —1
output solves the fixed-point system of equations of {yt}th_Ol:

T—1-t T—1-t
yi = (1-p) Z ﬁs_l/\yt—Fs -0 Z B’ {(7( -p)— (ftc+s+1 - ftc+s>} . (D.8)
s=1 s=0
Then, consider the policy that implements full stabilization under rational expecta-
tions:
14+1f = (1+1%)e (T-H0—P)
which implies that
1+ 7f C(r— . .
1_|_thj_1:e(x p):>TtC+1_TtC:X_p'

Replacing these consumption taxes in the equilibrium relation (D.8), we obtain

S
yi=01-p) Y, B 'Miss,
s=1

which implies that y; = 0 for all ¢ is a shallow reasoning equilibrium under this policy. In
sum, the same policy that implements the flexible-price allocation under rational expecta-

tions also implements the flexible-price allocation irrespective of the degree of rationality
A.

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

re = max {¢yyr, —p},
and
. — 1 = min {¢yy: +p,0}
which implies that:
et T — T = dyyr.
The shallow reasoning equilibrium is a solution to the fixed point system of equations

ox 1-pT ( 1 ) T
_ _(a_ Mp s,
T T o, 1-5 p 1+ og, S_Z; B Myt

given by:
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As before, if A = 1, then y; = —47 [1 -1+ U¢y) (=0

expectations equilibrium. Furthermore, note that for t = T — 1:

} = y; < 0 which is the rational-

X

W:yT—1<O

Yyr-1=—
for any A. Next, we show that, if 8 > (1+ ¢, ) 1 forA <1, yr <yjforallt <T—2.
Output at time t = T — 2 is given by

ox 1-—p? ( 1 )
= —(p- Ayr_
V2= 1 oo T8 \P " Th0g, )M

ox 1_[%2 o 1 * %
1_|_04)y1_/3 (5 1_|_mp>yT—1—yT—2r

which shows that yr_» < y7_,. Furthermore, we also find that Ayr_, > y7_,, which
follows from the fact that:

AYT—2 = Y102 = 7 figcpy 11__[;2 A—1)— (5 —1 +10¢y> </\2yT—1 - y?—l)
2
== {_1‘?‘5%11__% N <ﬁ_ 1+‘7¢y> (/\+1)y§_1}

>0 A (b v = >0

Therefore, we find that yr_» < y&_,, but Ayr_» >y _,,ie, yr—2 € (A"1y5_,,y% ). For
any t, suppose that y;4s € (A‘ly;‘Jrs,y;‘Jrs] foralls=1,..,T —t—1, then

- ox 1_‘BT7t_ B Tlts1
T 1Yo, 1-8 P 1+(Tq>y Z AYies

ox 1—/3T‘t_<ﬁ_ .

T_
s 1 —1, % *
_ AA = 1.
1+op, 1-B 1+(Tq>y) ; Yers = Ui
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Furthermore, we also find that Ay; > y;, which follows from the fact that

O X 1_;6T7t _ _ _ 1 & s—1 2 4t
O e 0y S U Al U prpery Z B (W — i)

=1

ox 1_‘5T7t 1 T L s—1 2. % *
>_1+U¢y 1-8 (A_l)_(ﬁ_lerpy) L p </\]/t+s_]/t+s>

s=1
B [ ox 1-pT 1 Hr
=01 |y 1 (- 1oag) & P,
[ ox 1—,3T_t 1 & s—1, %
>(A-1) _—1+U¢y 1-p (.3_1+0¢y> ~ B Viys

> (A=1)yf > 0.

Then, by induction, we find that y; € (A~! y;,yf], 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; > yf for all t. First, using (D.8) we find that:

T—1—t
;1\1_%% —o ), BF{lx—p) - (8 — T} <0,
s=0

and
dyr_o
ai

=(1-B)yr—1 <0=yr <0,
for all A. Now, note that
T—1—t

dy: _1, Ayt
Fri Z B et (1) L Fn

So, as long as y;+s < 0and dy;4s/dA < 0 for all s > 1, with one strict inequality, then we
find that dy;/dA < 0 and y; < 0. Furthermore, to show that y; > y}, note that

T 1—t
Yi—Yyi = Z B 1{/\yt+s yt—l—s}

As before, this implies that y7_; = y7_;. Now, evaluating time t = T — 1, we see that

yr2—yr2=1=B){A-1}yr 1 >0=yr2>yr
This result serves as the base for the inductive argument. Suppose that 0 > y;12 > yi,
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for all s, then
T—1—t

Yt —yp = Z B {Aytss — Yipsy > 0.

s=1
Figure D.2 shows the equilibrium path for log-output in the economy with shallow
reasoning for different levels of A. As highlighted by Angeletos and Sastry (2020), 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
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Figure D.2: Rules versus targets
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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.

E A model with sticky prices

In this appendix, we present an alternative New Keynesian model with sticky prices in-
stead 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 (3.1).

The final good is produced using a continuum of intermediate inputs y,, ¢ for u € [0,1]
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according to the technology:

Each variety u is produced by a monopolistic firm using the technology:
Yut = Ani/‘t“.

The good market clearing condition is still given by (3.3). We assume that the government

has access to the same monetary and fiscal instruments as in section 4.
Final goods firms The representative final goods producer maximizes profits

1
Pth—/O PutYu,rdu,

which implies that demand for the intermediate input is given by

—0
Yurt = (P;f) Y;.

The aggregate price level satisfies:

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:

0
y Pris P\ Wes]l 1/ Pr \ = 1
e )\S i |: :| ( ; > F Y —h L E Y, 1-a .
3 S;) Qtt+skr P, { F; [Pris] t [(Yies] — Ft Pivs | ars \F [P (Ft [Yes))

We assume that the monopolist has rational expectations with respect to exogenous vari-
ables, but is boundedly rational with respect to endogenous variables. In particular, we
assume that the firm forms beliefs about future aggregate prices, Pf, wages, W;,and out-
put Y7 using level-k thinking.
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The first-order condition implies that:

1—«a
1—-ua(1-6)

[ o movuen[ie] Al 2 (5[] G0
P (0-1)(1-a)

Lszo A°Qr sk [P}{S} (Ft [P%S] )9 1 Fi [Yiys)

(E.1)
Let lower case letters denote the log-deviation of a variable from its steady-state value,
x; = log X; — log X. Using (E.1) we obtain

(ee]

* s X = s
pi = pe =0 =28) L (B0 { rlvss = prasl + 2Bl b+ X (B Rl
s=0 s=1
(E.2)
where { = %.
The price level is given by
1
Po= AR (1) ()]
SO
* 1-A *
pr=Apa+ (A=A pr & m=——(pi —pt). (E.3)
Combining (E.2) and (E.3) we obtain:
> s « 1-A & s
=k (BA) { Fit [wiss — pras] + Tt es] p +—— Y (BA) Filmers],  (E4)
s=0 s=1
where k = éw.

Household The household chooses consumption and labor to maximize:

max i(:)ﬁsf:ﬂrs [u <€t+s> -0 (NtJrs)}

%) P . 00 P W ~
Y QuprsFr [ﬂ} (14 1fs) Crys = Y QrrssFr [ Hs] {(1 — Tihs) B { HS] Nits + F [Qpis]) — Fr [Tigs
s=0 P; s=0 Py Prys
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The solution to this problem implies

B Y s>0 Qtt+sFt [PHS] {(1 ') F [p+ ] Nits 4 Fr [Qpys] — Fi [Tt+s]} + R_1b;;

1-0
s Piys 1+7f,
(1+7) |1+ X (5568 ) [Qt t+sFt [ A ] ((H%))} ]
where
o _ 1T (W, Eris) Piys] 1+
N(P — f+S F t+5 S +s F S t+S o E.5
t4s 1+ 17, t[thrl p z, Qtt+sFe P, T C, (E.5)

Using people’s beliefs about the government budget constraint, (4.6), and the aggre-

gate resource constraint, (3.3), we obtain

Zs>1 Qt,t+sFr [ pts} 1;::5?5 {(t%j) F [V;ﬁs} {NH—S — F [NH—S]} + Fi [Yiis] — GH—S}

s P s 1_|_ C s 1—0'
Ys>1 <5S€t+ ) [Qt t+sFt [ 7 } 14:% }

E.6
Log-linearizing equations E.5and E.6 yields: o
frps = —@ T (s + t0s) + @ Fr [Wies — Pros]
- 9071 Sio (”Hm — Tme1 — D + Xt+m) - (99‘7)_1 Ct (E.7)
=
and
ct = ; C {Ft [Ye+s] — §t+s — wnFr [Me4s]} + —Q Z B’ wN”t+s (E.8)

1-p
p
TP

{rtes — B [Mppsi1] — At + 0 Xxirs)

where wy = G_—T) %% Replacing (E.7) in (E.8), we obtain:

¢

=1 Z B = {Ft [ers) — §trs — wNFr [negs] + o7 {F [wirs — prys] — (B4 + ftc+s)}}

s>1

-0 Z B {rt+s — Fi [Miysy1] — DTiys + 0Xtts}

m=0

_ vy 1B
Where l/] = WT
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Equilibrium In equilibrium, labor-market clearing, Ny = f ny,¢du, implies that:

1 -5
Nt:/nu,tdu:/<%>la du:/(ﬁ) (P;:) du

which implies that
= uf AN/ T =G+ Gy,
s
where yu; = [ (%) " 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.

1. Consumption is given by

=9) b= {Ft Yits] = Ges — WNFr [Mss] + @7 {Fr [wres — pros] — (B + ftc+s)}}

s>1
(E.9)
-0 Z B {rtvs — Fi [rgs11) — AT s+ 0Xits) -
i
2. Inflation is given by
o 1-A & s
T =K 2 (BA)® S Fr [wiys — pres) + = szt [Yits] ¢ + S Y (BA) Fy [7tes] -
s=1
(E.10)
3. Output is given by
yr=(1—a)n. (E.11)
4. Market clearing implies
C
Yt = 0t + &t (E.12)

Y

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.

E.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 E.1: Government-spending multipliers
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Comparing figures 4.1 and E.1, 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.

E.2 Consumption-tax policy

Proposition 3 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 > 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 41 on. Second, we note that beliefs about future output, inflation, consumption,
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and labor are a function only of future tax rates and policies. (3) Finally, we recursively
construct a sequence of policies {7}, 1"} which implements the flexible-price allocation

and always features zero inflation. O

(1) Suppose that F! [yiys] = F} [ct4s] = F! [n14s] = 0and F} [my45] = 0if t > T. Then,
the policies g = tf = " = r; = O for all t > T imply that consumption, output, and
labor for t > T are given by

=) B> {Ft Yirs) — wnFr [ners] + @7 Fy [wygs — Pt+s]} = 0.

s>1
C
yr=vycr =0,
and
e _
M= TR 0,
respectively. Finally, inflation is given by
> s -1 [h4 1—A i s
e =xY (BA) S @F: [nys) + 0 Fr [cers] + Tt Wees] g+ —— Y (BA) Fi[rmiss] = 0.
s=0 s=1

This then shows that starting from the initial beliefs F; [y;4s| = Fi [ct+s] = Fi [ne4s] = 0
and F; [71¢45] = 0 implies that the same holds for all k.

(2) Note that the temporary equilibrium for time t, which solves the system of equa-
tions (E.9)-(E.12) does not depend on policies before time ¢. This implies that for each ¢,
beliefs at time ¢ are unaffected by policies {1, fg}é;(l)

(3) We now proceed recursively. At time f, given policies {f,, T/, }.., and beliefs,

s>1
we set the consumption tax % so that

T o 4 Z B = {Ft Yirs] — wnFr [npys] + 7! {Ftk [Wits — Pros] — (Tys + ff+s)}}

s>1

—{~Blm] =t tx—p} = ) B {rees — B [epsi1] — Ao + Xeas)
s=1

which implies that cf = 0. It then follows that nf = y¥ = 0. Then, setting ft’ﬂrks such that

~n v L ac _ w R
=1t =) (BA) {(Tt+s + ts) + @F: [ners] + 0 R ers] + Tt [yt+s]} TR Y (BAY E

s=1 s=1
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which implies that 77; = 0.

Proof. (Part 2) Under this assumption, the consumption function still implies that C; = C,
which implies that Ny = 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/") / (1+1f) =
(1—1")/ (14 71°), this implies that the relative wage W;/P; remains at its pre-shock
steady state as well. Finally, this implies that p; = p; and so inflation is always zero.
The same argument then holds for k > 1. O
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