From RANK to HANK, without FIRE*

George-Marios Angeletos  Joao Guerreiro Dalton Rongxuan Zhang

December 2, 2025

Abstract

We offer guidance and tools for augmenting macroeconomic models with a realistic friction in ex-
pectations and for quantifying its implications. We start by distilling the common essence of a few
popular alternatives to FIRE (Full Information Rational Expectations), including noisy or sticky
information, rational or behavioral inattention, level-k thinking and cognitive discounting. We
then develop a new specification, which captures the same essence while maximizing tractabil-
ity. We show how this works in both RANK (the Representative-Agent New Keynesian model) and
HANK (Heterogeneous-Agent New Keynesian models). We further clarify the separate partial- and
general-equilibrium effects of informational frictions or bounded rationality; emphasize the inter-
action of such frictions with the Intertemporal Keynesian Cross and other forms of strategic com-
plementarity; review concrete lessons for business cycles and macroeconomic policy; and discuss

how to discipline the theory with appropriate survey evidence.
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1 Introduction

Most analyses of business cycles and macroeconomic policy assume away not only any deviation from
rational expectations but also any friction in information and attention. Even the emerging literature
on Heterogeneous Agents New Keynesian (HANK) models almost invariably abstracts from frictions
in expectations. This abstraction, known as Full Information Rational Expectations (FIRE), is far from
innocuous. A growing theoretical literature shows how sensitive our models’ predictions can be to
incomplete information or bounded rationality, while a parallel empirical literature provides ample
evidence in support of such deviations from FIRE.

In this paper, we review, synthesize and further advance some—but certainly not all—of the key

developments in this area, with the following three goals in mind:

1. To distill the common essence of a seemingly diverse set of alternative relaxations of FIRE, in-
cluding noisy or sticky information, rational or behavioral inattention, level-k thinking, and

cognitive discounting.

2. To show how this common essence can be accommodated in a fractable manner not only in
the baseline New Keynesian model but also in HANK models, which offer a better account of

household behavior and of general-equilibrium (GE) interactions.
3. To illustrate the concrete applied lessons that these research endeavors deliver.

4. To offer guidance and tools for future research, with an eye towards quantification.

To these goals, we employ two closely related frameworks. Both frameworks allow for a flexible depar-

ture from FIRE, but differ on how “seriously” they account for incomplete markets and heterogeneity.

Framework and general insights

The textbook, representative-agent New Keynesian model (RANK) assumes not only FIRE but also
complete markets and infinite horizons. Our baseline model, employed in Sections 2-4, relaxes the
latter assumptions in a minimalistic way: by allowing for overlapping generations (OLG) of finitely-
lived agents, as in Blanchard (1985). This is a familiar proxy for liquidity constraints: finite horizons
accommodate a high marginal propensity to consume (MPC) out of cash-in-hand. This in turn facili-
tates a sharp analysis of how any departure from FIRE interacts with the slope of the Keynesian cross,
or the strategic complementarity in private spending—echoing Angeletos and Lian (2018), Farhi and
Werning (2019) and Angeletos and Huo (2021). In Section 5, we then proceed to show how the meth-
ods and insights developed in our baseline setting can be extended to richer HANK models—building

on Auclert, Rognlie, and Straub (2020) and Bardéczy and Guerreiro (2023).
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Throughout, we proceed in two steps. First, we show how to characterize equilibrium beyond
FIRE, and indeed for essentially arbitrary subjective expectations, via an appropriate generalization of
the Intertemporal Keynesian Cross (IKC). Next, we specialize to specific departures from FIRE, nesting
and synthesizing the related literature, and spell out a few concrete lessons.

The first step—our generalization of the IKC away from FIRE—is particularly straightforward in
our baseline setting (Sections 2-4), but remains highly tractable in richer HANK models as well (Sec-
tion 6). The key is to separate the agents’ subjective expectations from their objective counterparts
and to account for the following property: without FIRE, agents are making predictable errors, and
predictable revisions, when forecasting the economy’s response to shocks—where by “predictable”
we mean in the analyst’s, or the econometrician’s, eyes. Moving on the second step, we specialize to

the following models of informational friction and/or bounded rationality:

* Noisy but rational expectations, along the lines of Mankiw and Reis (2002), Woodford (2003),
Sims (2003, 2010), Mackowiak and Wiederholt (2009, 2015), Angeletos and La’O (2010) and An-
geletos and Huo (2021).

 Sparsity (Gabaix, 2014); level-k Thinking (Garcia-Schmidt and Woodford, 2019; Farhi and Wern-
ing, 2019; lovino and Sergeyev, 2023); and cognitive discounting (Gabaix, 2020).

* A new parametric form of inattention, which maximizes tractability while also disentangling
two key forces: (i) how much agents know about the underlying shocks per se and (ii) how they

reason about general equilibrium effects and hence about the economy’s response to shocks.

Although these approaches differ from one another in notable and testable ways, which we point out

at the end of this Introduction, they all share the following core:

* They account for a salient feature of the evidence on expectations, which instead no FIRE model
can account for: in response to aggregate shocks (e.g., a monetary expansion or a cost-push
shock), the average forecasts of aggregate outcomes (e.g., of income and inflation) respond less,

and with delay, relative to the actual outcomes themselves.

* They cause consumers and firms to behave as if they underestimate GE feedbacks and as if they
are less forward looking relative not only to the FIRE counterfactual but also relative to how they

actually respond to idiosyncratic shocks.

* They predict that the distortion of the aggregate dynamics relative to FIRE increases, not only
when agents are less informed or less rational (appropriately defined), but also when the un-

derlying GE feedbacks are stronger (e.g., when the Keynesian cross is steeper).



Applied lessons

How do the high-level insights reviewed above inform our understanding of business cycles, or the

analysis of monetary and fiscal policy? We review seven concrete lessons (in Section 5):
1. Monetary policy affects real economic activity with long and variable lags.
2. The inflation response to monetary or other demand shocks lags that of real output.
3. Adverse supply shocks are more inflationary, and propagate faster, when they are more salient.

4. Itis asif there are large adjustment costs at the macro level but not at the micro level—aggregate
outcomes may exhibit inertia and humps, even if consumers and firms respond swiftly to id-

iosyncratic shocks.

5. Forward guidance about future monetary policy, even when fully credible, may fail to stimulate

aggregate demand.
6. Government spending multipliers are smaller, while transfer multipliers are larger.

7. The indeterminacy problem of the New Keynesian model is lessened, and two controversial

ideas—the Fiscal Theory of the Price Level and neo-Fisherian effects—find less or no space.

Testable differences and empirical discipline

As already mentioned, all the non-FIRE theories considered here share the following testable predic-
tion at the macro level: average expectations underreact, or adjust with delay, to aggregate news. But
different theories make different predictions about whether a similar pattern is present at the micro
level, namely in the reaction of individual forecasts to individual news. Under rational expectations,
an agent’s forecast errors may be predicted by information available to other agents, or to the econo-
metrician, but not by her own information. Theories that emphasize informational frictions but pre-
serve rational expectations thus rule out underreaction at the individual level, even though they allow
for underreaction at the aggregate level. By contrast, theories that emphasize misspecified beliefs—
such as level-k thinking, shallow reasoning, and cognitive discounting—predict the same degree of
underreaction at both the individual and the aggregate level.

This discussion identifies a sharp testable difference between the theories that relax the FI half of
FIRE and those that relax the RE half. Turning to the available evidence, there is ample support for un-
derreaction in average forecasts but much less for underreaction in individual forecasts. In fact, Bor-

dalo et al. (2020) and Kohlhas and Broer (2023) argue that individual forecasts often overreact to own



information, which suggests that the belief misspecification is of the opposite kind than that assumed
by cognitive discounting or level-k thinking. All in all, the available survey evidence therefore favors
some version of dispersed noisy information and slow learning, along the lines of Woodford (2003)
and Mankiw and Reis (2002), perhaps augmented with overconfidence and/or over-extrapolation (see
Angeletos, Huo, and Sastry, 2021; Bordalo et al., 2020; Liao, 2025, for further discussion).

That said, insofar as one is focused on macroeconomic implications, the different theories remain
close substitutes to one another. One may therefore feel free to pick among them, or devise new
substitutes thereof, with the following three main criteria in mind: (1) tractability; (2) a meaningful
distinction between direct/PE and indirect/GE effects; and (3) a good fit to the IRF of average fore-
cast errors to aggregate shocks. The first two criteria are self-explanatory; the third one zeroes in on
the empirical moments that discipline the core theoretical mechanism. Our preferred specification,
which blends “sticky expectations” (Mankiw and Reis, 2002; Auclert, Rognlie, and Straub, 2020; Carroll

et al., 2020) with “shallow reasoning” (Angeletos and Sastry, 2021), meets all these criteria.

Related Literature

One of our paper’s main goals—the synthesis of a seemingly diverse literature—is shared by Angeletos,
Huo, and Sastry (2021). Relative to that paper, we shift emphasis from the testable differences of the
various theories to their common core and push forward a new specification of inattention, which
can be seamlessly transferred from RANK to HANK. This in turn adds to a small but growing literature
that pushes the research frontier on HANK without FIRE, such as Auclert, Rognlie, and Straub (2020),
Pfauti and Seyrich (2022), Guerreiro (2023), Bard6czy and Guerreiro (2023), Cai (2024), Ilut, Luetticke,
and Schneider (2025), and Eichenbaum, Guerreiro, and Obradovic (2025). On the other hand, this
paper is not a substitute for more comprehensive reviews of different subsets of this literature, such
as Sims (2010) and Mackowiak, Matejka, and Wiederholt (2023) on rational inattention, Angeletos and
Lian (2016) on coordination and higher-order uncertainty, Gabaix (2019) on behavioral inattention,
or Coibion and Gorodnichenko (2026) on surveys and information treatments. Last but not least,
our paper’s emphasis on how frictions in information or rationality can arrest general-equilibrium

feedbacks echoes Angeletos and Lian (2017, 2018) and Farhi and Werning (2019).

2 Environment

Our baseline model extends the textbook New Keynesian model in two ways. First, we allow for a flexi-
ble departure from FIRE on both the demand and the supply side. Second, we use an OLG structure to
proxy for HANK: as in Farhi and Werning (2019) and Angeletos, Lian, and Wolf (2024a), mortality risk



parameterizes the average marginal propensities to consume in a manner that not only resembles
state-of-the-art HANK models but also connects with the relevant microeconomic evidence. Alto-
gether, the baseline model will facilitate a sharp analysis of the interaction of the two kinds of friction,
while also setting the stage for Section 6, where we will accommodate a richer HANK structure.
Throughout, we index time by ¢ € {0,1,...}, work with the log-linearized equations around the
flexible-price, steady state, and let lower-case variables denote log-deviations of the corresponding
upper-case variables from this steady state. We also use the following, standard, notation: ¢; and y;
are, respectively, aggregate spending and income at t; r; is the expected real rate of interest between ¢
and t+1; p; is the price level at  and 7, is the inflation rate between ¢ and £ +1; E; ;[-] is the subjective
expectation of household or firm i at ¢, E/]1= J Ei(['] is the average expectation in the cross section
of the population, and E;[] is the FIRE counterpart. Finally, to simplify the exposition, we assume
that the only exogenous aggregate shocks are two kinds of innovations in monetary policy: unantici-
pated changes in current interest rates; and news about future monetary policy. Additional demand

or supply shocks can easily be accommodated.

2.1 Households and Aggregate demand

The micro-foundations of the demand side of our economy follow closely Angeletos and Huo (2021)
and Angeletos, Lian, and Wolf (2024a). Here, we briefly discuss the key model ingredients and then
derive the applicable version of the IKC, which is the most central equation in this paper.

The economy is populated by overlapping generations of perpetual youth households. In each
period, there is a unit continuum of households, indexed by i € [0, 1]. A household survives from one
period to the next with probability w € (0, 1]; whenever it dies, it is replaced by a new household, with
the same index i. Following Blanchard (1985), we let households save and borrow via actuarially fair
annuities. We furthermore let labor supply be intermediated by labor unions and firm profits be dis-
tributed to households in proportion to their labor income, so that every household works the same
amount of time and receives the same income, except for an idiosyncratic shock.! Finally, and more
crucially for our purposes, we let households have arbitrary information and arbitrary beliefs, except
for the following three simplifications: each household knows her current wealth; subjective expec-
tations satisfy the law of iterated expectations; and finally “consumer sentiment” about income and
interest rates coincides with the average forecast of the corresponding aggregates. The last assump-
tion means that [ E; [y; ;1x]di = E;yrsr and [ E; ¢ [ri k] di = Eorro, where E Xy = [ Ei Xy di

henceforth denotes the period-¢ average forecast of the value of aggregate variable x in period ¢ + k.

n particular, household i receives income Y;; = Y; exp{ziy t} and faces a rate of return %Rt exp{zl.rt} conditional on

" zl?’ ;) are idiosyncratic shocks. Such
shocks preclude households from learning the aggregate state from their own income and rates of returns.

survival, where Y; is aggregate income, R; is the real, one-period, interest rate, and (z}
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Under these assumptions, household optimality together with market clearing yields the following

fixed-point relation on aggregate spending and income:
o kK o kr
yi=cr=(1-pw) ) (Bw) Eryrk—0pw ) (Bw) Eirrek. (1)
k=0 k=0

where f is the discount factor (also the reciprocal of the steady-state gross real interest rate), w is the
survival probability (a proxy for liquidity frictions), and o is the elasticity of intertemporal substitu-
tion. A detailed derivation of equation (1) is provided in Appendix A, but the economics behind it is
quite simple. The first part of this equation (y; = ¢;) is just market clearing, while the second part
(¢t = ...) is basically the aggregate consumption function: it gives c; as a function of the average fore-
casts of aggregate income and of real interest rates in all future periods.? Combining the two parts
yields a fixed-point relation between aggregate spending and income. The solution to this fixed-point
relation returns the equilibrium path of y; (equivalently, of ¢;) as a function of the paths of the real
interest rate and the demand shock—similarly to what the Euler or DIS equation does in RANK. In
fact, all we have done here is to unpack this equation in terms of the aggregate consumption function
plus market clearing, and to extend it in two crucial ways: finite horizons; and arbitrary expectations.

Put differently, equation (1) is a version of the Intertemporal Keynesian Cross (IKC). Compared
to the one developed in Auclert, Rognlie, and Straub (2024), the key novelty here is to relax FIRE.?
We can thus pose the following question: how does the departure from FIRE interacts with liquidity
constraints, or with the “slope” of the IKC, as parameterized here by w? In Sections 4-5, we will offer
a sharp answer to this question by leveraging the simplicity of equation (1); in Section 6, we will then
extend the analysis to richer HANK models.

With this in mind, let us zero in on how w enters equation (1). When w = 1, we nest the infinite-
horizon Permanent Income Hypothesis. In this benchmark, the marginal propensity to consume
(MPC) out of current income, or cash-in-hand, is 1 - (=5% per year) and future income is discounted
at the same rate as the risk-free rate. Relative to this benchmark, v < 1 accommodates not only a
higher MPC out of current income (say, in the order of 30%) but also heavier discounting of future
income. Taking our model literally, these properties are the product of mortality risk. But the same
properties are produced by liquidity constraints in realistic HANK models. This explains the sense in

which OLG mimics HANK—and why a smaller w can be reinterpreted as tighter liquidity constraints.*

2What is seemingly missing from this expression is the dependence of c; on aggregate private wealth; but the latter is
zero here, because there is neither capital nor government debt.

3There are two additional, less important, differences: expectations of future outcomes enter in a simple exponential-
discounting from, thanks to the perpetual-youth specification; and there are no backward-looking terms (y; does not
depend on y;_1, y:—2, etc), because there is no MPC heterogeneity (so the wealth distribution is not a relevant state vari-
able) and aggregate wealth is zero (so this is not a state variable either). These simplifications are relaxed in Section 6.

4See Farhi and Werning (2019) and Angeletos, Lian, and Wolf (2024a) for more thorough discussions of this point.



2.2 Firms and Aggregate Supply

The micro-foundations of our supply block follows the textbook New Keynesian model, except that
we once again relax FIRE. There is a unit-mass continuum of monopolistically competitive firms, who
set prices subject to the standard Calvo friction, hire labor on a spot market, and produce according to
a technology that is linear in labor. Like consumers, firms may have incomplete information and/or
misspecified beliefs. For the time being, we make only two simplifying assumptions: first, whenever
a firm adjusts price, she knows perfectly the past price level p;_;, although she may not necessarily
extract information from it; and second, “producer sentiment”, as measured by [ E; ; [mc,—ka] daj,
coincides with E;[mc;. ], the average expectation of the aggregate real marginal cost.

Under these assumptions, inflation obeys the following generalized Phillips curve:

o0 o0
ﬂt:K{ Z (,Be)kEtD/Hk]}‘i'% Z (ﬂg)kﬁtﬂnk» (2)
k=0 k=1

where 6 is the familiar Calvo parameter (the probability of that a firm is unable to adjust prices in
any given period) and « is the slope of the Phillips curve with respect to real output (a function of
0 and other supply-side parameters, such as the Frisch elasticity of labor supply). The derivation of
equation (2) is relegated to Appendix A, but the economics behind it is straightforward. When a firm
gets to adjust its price to a new level, the optimal price depends on its expectations about nominal
marginal costs—or equivalently about real marginal costs and inflation—during the lifespan of this
new price. Real marginal costs are in turn pinned down by real output, plus an exogenous supply
shock. It follows that inflation in any given period is pinned down by the firms’ average expectations
of real output and inflation, in the precise form shown in equation (2).

There is a clear parallel between equations (1) and (2): the former unpacks the textbook Euler
equation and accommodates arbitrary subjective expectations among the consumers, the latter does
the analogous exercise for the textbook NKPC. In Section 6, we will extend our analysis to more general
demand structures, represented by more flexible IKC. A similar point applies on the supply side: one
can readily translate our analysis in Section 6 from the IKC context to the generalized Phillips curves

considered in Auclert, Rognlie, and Straub (2023), nesting menu costs and firm heterogeneity.

2.3 Monetary Policy

Without serious loss of generality, we assume that the central bank varies the nominal interest rate so

as to implement the following state-dependent rule for the real interest rate:

re=¢y:—my 3



where ¢ € R parameterizes how accommodative or hawkish the central bank is and where m; repre-
sents an exogenous monetary policy shock.”> We have signed this shock so that 7, > 0 means a mon-
etary expansion, i.e., an interest-rate cut. Finally, we will later consider two “flavors” of this shock: an

unanticipated change in current rates; and news, or forward guidance, about future rates.

2.4 The famous three equations, with and without FIRE

To sum up, our baseline model boils down to three equations: the IKC (1), the Phillips curve (2), and
the monetary policy rule (3). These are the New Keynesian model’s famous three equations, extended
to allow for both a departure from FIRE (Et # [E;) and finite lives (w < 1).

Suppose now that we replace E,, the average subjective forecast, with its FIRE counterpart, E,.
We can then apply the law of iterated expectations (which holds for E; but not necessarily for E;) to
restate equations (1) and (2) in a recursive form. That is, we can replace (1) with y; = —or; + E¢[ys41],
which is the familiar Euler equation plus market clearing, and (2) with 7, = xy; + E;[m 1], which is
the standard NKPC. The FIRE restriction of our model therefore coincides with RANK, despite the

accommodation of w < 1. The following points are then evident:

1. Once we impose FIRE, w drops out of the AD relation. As we will explain later, this is because
w has exactly offsetting partial-equilibrium and general-equilibrium effects under FIRE. A sim-
ilar point applies to 0 : holding x constant, 6 appears in our generalized NKPC but drops out
of its FIRE counterpart. This basic observation anticipates our later insights about how these
two parameters—which regulate the strategic complementarity in, respectively, the spending
decisions of the consumers and the pricing decisions of the firms—interact with incomplete

information and/or bounded rationality.

2. Replacing (3) into (2) yields the following fixed-point relation on output:

yi=(1-Pw)(1-0¢) Z Vil +aﬁwZ(ﬁw) E([myil. 4)

k=0

Clearly, there is no essential difference between ¢ = 0 and ¢ # 0 : varying ¢ amounts to tilting
the slope of the Keynesian cross. Most of our analysis will thus concentrate on ¢ = 0, but our

methods and insights readily extend to ¢ # 0.

3. While we have allowed monetary shocks in equation (3), we have abstracted from discount-rate

and cost-push shocks in equations (1) and (2). This is an innocuous simplification. More sub-

SSee Appendix C for how to accommodate, not only a conventional Taylor rule, but also a much more flexible specifi-
cation, where the central bank could be conditioning its instrument on the entire history of output and inflation.



stantial is the abstraction from endogenous fluctuations in government debt. Relaxing this as-
sumption adds an endogenous state variable (Angeletos, Lian, and Wolf, 2024a; Aguiar, Amador,

and Arellano, 2024), but could be handled with the methods of Section 6.

4. Some of the empirical literature on the Phillips curve has relaxed FIRE in the following ad hoc
way: taking the standard NKPC, 7; = xy; + BE;m .1, and replacing E; 7,y with E;m.41, the con-
sensus forecast as measured in surveys. This approach is at odds with the micro-foundations of
the NKPC. Similarly, one can not take the Euler equation y; = —or;+E;[y;+x] and just replace
E:[y:+x] with E;[ys41]. In both cases, one has to unpack the representative-agent equations,

reveal the multiple-agent interaction behind them, and properly account for subjective beliefs.

3 FIRE

In this section, we review the FIRE version of our model, which, as just explained, yields the same ag-
gregate outcomes as RANK. We first characterize these outcomes for two cases: unanticipated mon-
etary shocks; and news shocks. We then decompose them to partial-equilibrium (PE) and general-

equilibrium (GE) components, setting the stage for the subsequent analysis away from FIRE.

3.1 Monetary shocks and forward guidance under FIRE

FIRE amounts to imposing (i) households have common knowledge about the exogenous shocks and
(ii) form expectations according to Rational Expectations Equilibrium. We will later relax the first
assumption (“full information”), the second assumption (“infinite rationality”), or both. For now, we
ask how aggregate spending and output respond to innovations in monetary policy under FIRE.

To simplify the exposition, we henceforth let ¢ = 0; as noted earlier, this is without serious loss of
generality and merely fixes ideas by representing monetary policy as an exogenously specified path

for the real rate. Next, we let m; follow an AR(1) process with two kinds of innovations:
my=pme1+&r+1y, (5)

where p € (0,1) and (e,7n;) are random variables, independent of one another and i.i.d. over time.
Finally, we let €; and n; become commonly known at dates ¢ and ¢ — ¢, respectively; in words, €; is
an unanticipated innovation in current rates, whereas 7; is news revealed ¢ periods earlier (“forward
min{h,l} h—
k=1 P

guidance”). This yields E,[1m;,5] = p"m,+Y _ %1 t+1, while iterating the Euler equation yields

ct=—0 Z%O:O Etlreenl = UZ‘;ZOZO E,[m;,1,].° Combining, we arrive at the following result.

SHere, we implicitly select equilibrium by imposing limj, ., E;[c;4 5] = 0. See Angeletos et al. (2025) for a discussion of
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Proposition 1. Under FIRE, aggregate spending and output are given in equilibrium by

o 4
Ct:J’t:E(mtJth:‘,lth) (6)

Two properties are notable. First, the economy’s response to a 1% real rate cut is the same whether
this cut happens now or far in the future. This is a version of the Forward Guidance Puzzle (Del Negro,
Giannoni, and Patterson, 2015). Second, the economy’s response is invariant to w : under FIRE, our
proxy for HANK behaves like RANK. This is an example of the irrelevance result in Werning (2015).
Behind both of these properties lies a delicate balancing of partial equilibrium (PE) and general equi-
librium (GE) forces, whose separate roles will shine once we move away from FIRE. In anticipation of

this, we next show how to decompose the FIRE outcomes into PE and GE components.

3.2 PE-GE decomposition

Let the interest rate faced by households i be r; ; = r; — m; ; = —m; — m; ;, where m; ; is i.i.d. across i
and independent of m;. Next, let m; ; = pm, ; +&; ; + n; —¢, where €; ; and n; ,_, are the idiosyncratic

counterparts of €; and n;_,. In equilibrium, i’s spending can then be expressed as follows:

¢
obo > (ﬁw)hni,Hh @

w
cir=c+(1-pw)aj+ ———mj+ ————
1-pBwp 1-Pwp =

where a; ; is i’s wealth and c; is aggregate spending (as in Proposition 1). For any i = 0, lfgz 5 (ﬁw)h
measures how much i’s spending increases with an idiosyncratic 1% rate cut h periods ahead. For
any h, this coefficient decreases with fw : if a household is less patient or has a shorter horizon, she
responds less to future interest rates. Furthermore, this coefficient diminishes with / and vanishes as
h — oo : news about idiosyncratic fundamentals in the far future are heavily discounted.

Consider now i’s response to an aggregate interest rate cut at horizon h = 0. This stimulates i’s

spending via two channels: by lowering her own interest rates; and by stimulating others’ spending,
ofw

1-Bwp

not only i’s response to an idiosyncratic shock, but also the partial-equilibrium (PE) effect of aggre-

which in turn raises her own income. The first channel is the same as above: (,Bw)h measures,
gate shock. The second channel captures the GE feedback via aggregate spending and income: when
everyone learns at ¢ that interest rates will fall at # + &, aggregate spending increases at all dates be-
tween ¢ and ¢ + h. This raises i’s permanent income by an amount that increases with h. A higher h

thus translates to a larger GE feedback, which counteracts the smaller PE effect.

the indeterminacy problem of the New Keynesian and of the “right” equilibrium selection.
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Fact 1. Under FIRE, the equilibrium response of aggregate spending and income to monetary policy

shock can be decomposed into PE and GE effects as follows:

GE multiplier PE effect GE multiplier PE effect

[

Let us zero in on the role of w. When consumers have shorter horizons or hit borrowing constraints
more frequently, they not only care less about the long run but also respond more strongly to income
fluctuations in the short run. This explains why the GE feedback between spending and income is
stronger when exactly the PE effect of monetary policy is weaker. That the two forces move in opposite
directions is intuitive and extends to quantitative HANK models (e.g., Kaplan, Moll, and Violante,
2018); that the two forces perfectly offset each other is a knife-edge implication of the combination of

FIRE and the particular demand structure assumed here. Summing up:

Fact 2. Under FIRE, a lower w (short horizons or tighter liquidity) implies both a smaller PE effect and
a large GE effect, with the two perfectly offsetting each other in our setting.

Figure 1 illustrates this fact for two scenarios: a unanticipated monetary expansion in period 0 (left
panel); and a news about a monetary expansion 12 quarters later (right panel). In each case, we draw
the Impulse Response Function (IRF) of aggregate output, along with the underlying PE component,
for w =1 and w = .7. The former nests RANK, the latter proxies HANK with an aggregate MPC of
about 30%. In RANK, the PE component accounts for almost the entire response to the unanticipated
monetary expansion, and for the lion’s share of the response of the news shock. Moving to HANK
reduces the PE effect but also increases the GE multiplier, leaving the total effect the same. The PE-GE

split is therefore irrelevant so far, but will play a central role in the sequel, where we relax FIRE.

4 Beyond FIRE

In this section, we review how incomplete information and/or bounded rationality modify the pre-
dictions of the New Keynesian model, making them not only more palatable but also consistent with
evidence on expectations. The relevant empirical backdrop here is the type of belief inertia docu-
mented in, inter alia, Coibion and Gorodnichenko (2012), Coibion and Gorodnichenko (2015), and
Angeletos, Huo, and Sastry (2021): in response to identified policy or other aggregate shocks, average
(or “consensus”) forecasts react more sluggishly than actual outcomes, or than the econometrician’s

forecasts thereof. This fact rejects FIRE in favor of the alternative theories considered in this section.
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Figure 1: PE and GE Responses to two Monetary Policy Shocks, Under FIRE

We start by introducing incomplete (i.e., noisy and heterogeneous) information as in Woodford
(2003) and Angeletos and Huo (2021). We go on to unpack the different forces at work, to formalize
the sense in which that this approach and certain forms of bounded rationality are close cousins, and

to develop our preferred specification, which maximizes tractability while preserving the essence.

4.1 Incomplete information

In this section, we relax the FI half of FIRE while maintaining the RE half. In particular, we momen-
tarily shut down news shocks, focusing on conventional monetary shocks; and we assume that each
consumer’s information in period ¢ is given by .%; ; = {x; s}!___, where x; ; = m;+u; ; is the signal (new
information) received in period ¢ and where u; ; ~ A(0, 03) is noise, i.i.d. across both i and t. This
structure introduces, not only first-order uncertainty (i.e., uncertainty about, or inattention to, the
policy shock itself), but also higher-order uncertainty (i.e., uncertainty about how other agents, or the
economy as whole, may respond to the shock). The solution of the equilibrium involves a non-trivial
fixed point between expectations and outcomes, but the next result, which is proved in Angeletos and

Huo (2021), offers a useful representation.

Proposition 2. Under incomplete information (as specified above), equilibrium spending responds to

monetary shocks in the same way as a RANK economy with the following modified Euler equation:
cr=—0rr+afkcrl +apci, 8)

for some ay <1 and aj > 0 that are functions of 0, and w. It is thus as if consumers are both less
forward-looking (a ¢ < 1) and more backward-looking (ap > 0). Furthermore, the distortions increase,

not only with the level of noise, but also with the deviation from PIH (they fall with w).
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Figure 2: Consumption and Output Responses to an Interest Rate Cut, without FIRE

We will elaborate on the mechanisms behind this result and on its connection to other forms of
bounded rationality in Sections 4.2-4.4. For now, we visualize the result in Figure 2, which is borrowed
from Angeletos and Huo (2021). This figure compares the IRF of aggregate spending to an unantici-
pated monetary expansion across four scenarios. “Complete Info” corresponds to the textbook RANK;
this delivers a steep, front-loaded response. “Complete Info + Habit” maintains FIRE but introduces
consumption habit (i.e., a cost to adjusting consumption), and calibrates this habit to a similar level
as that estimated in a large DSGE literature; this captures, by design, the kind of hump-shaped aggre-
gate dynamics observed in the data. “Incomplete Info” replaces habit with noisy information (along
the lines described above) and calibrates the level of noise to survey evidence; evidently, this pro-
duces a quantitatively similar hump shape as the previous case. Finally, “Incomplete Information +
HANK” interacts o, > 0 with w < 1; this reinforces the informational friction, reduces the effect of the
monetary shock at all horizons, and produces a more pronounced hump shape.

Incomplete information thus resembles adjustment costs, but there are a few important differ-
ences. First, incomplete information provides a unified theory for the more ad hoc, equation-by-
equation, “patches” used in the DSGE: the same primitive friction can now replicate the patterns gen-
erated, not only by habit in consumption, but also by adjustment costs to investment, by the hybrid
version of the NKPC, and even by momentum in asset prices (see Angeletos and Huo, 2021, for a
detailed exposition of these additional applications). Second, although the economy as whole may
appear to be subject to large adjustment costs in response to the monetary or other aggregate shocks,
an individual may still respond swiftly to idiosyncratic shocks. This helps close the discomforting gap
between the macroeconomic and the microeconomic estimates of habit and other adjustment costs
(Angeletos and Huo, 2021); equivalently, it reconciles sluggish responses (“humps”) at the macro level

with quick, front-loaded, response (“jumps”) at the micro level (Auclert, Rognlie, and Straub, 2020).
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Finally, the as-if adjustment cost is not a fixed parameter: the effective friction varies, not only with
the level of noise, but also with the MPC (or the slope of the Keynesian cross) and with policy pa-
rameters (such as ¢ once we relax ¢» = 0). This is because such “deeper” parameters regulate the GE
feedback, or the strategic complementarity, which in turn interacts with the informational friction.
To elucidate the various forces at work, the remainder of Section 4 proceeds as follows. Section
4.2 introduces a specification that shuts down learning and, instead, zeroes in on PE and GE chan-
nels of inattention (equivalently, on first- and higher-order uncertainty). Section 4.3 shows how this
specification nests, as special cases, various forms incomplete information and bounded rationality.
Section 4.4 adds back learning and explains how this, too, operates via both PE and GE channels. We
conclude the discussion here by emphasizing that the lessons of 2 are not just a theoretical possibility:
when disciplined by survey evidence on expectations, the theory can indeed produce quantitatively

large inertia in both aggregate consumption and inflation (Angeletos and Huo, 2021; Cai, 2024).

4.2 Aflexible specification—maximizing tractability, separating PE and GE forces

In this subsection, we abstract from learning, which amounts to setting aj; = 0 in Proposition 2, and
zero in on the PE and GE forces behind a ¢ < 1. To this goal, we introduce the following information

structure, which—as it will be made clear—has both conceptual and computational advantages.’

Assumption 1. Following any innovation in monetary policy, a fraction AP € [0,1] of the population
learns it immediately and perfectly, while the rest never learn it. Furthermore, everyone believes that

the fraction of agents that learn the innovation is A8 € [0, 1], where A8 may or may not coincide with AP.

By letting AP < 1, we accommodate first-order uncertainty, that is, uncertainty about the policy
shock itself. By letting A8 # AP, we separately parametrize higher-order uncertainty, that is, uncer-
tainty about how much others will adjust their beliefs and behavior to the shock. In simpler terms, A”
measures consumers’ attention to monetary policy, while A8 measures how much they adjust their
expectations of aggregate spending—and hence also of their own income—in response to monetary
shocks. As shown next, the first friction attenuates the direct or PE effect of monetary policy, while the

second friction arrests the GE multiplier.

Proposition 3. Under Assumption 1, equilibrium spending and income satisfy

1-pw 1 gBw

Ct=yt:(1——ﬁﬂg) -L/lpm[. 9)
1-Bwp 1-Bwp
GE m:tz.‘iplier PEje]ffect

7A close cousin of Assumption 1 was introduced in Angeletos and Sastry (2021), albeit in a more abstract context.

14



To understand this result, let us take a brief detour: consider a simpler, static example, in which an
individual’s optimal spendingis c; = E; [am +yc|, where m is the policy shock, ¢ = [ c;d j is aggregate
spending, and a > 0 and y € (0, 1) are exogenous parameters. Think of this interchangeably as a static

Keynesian cross and as a “beauty contest” (Morris and Shin, 2002). Aggregating across i gives
c=aE[m]+ )/E[c]. (10)

That is, the actual ¢ depends, not only on the forecasts of the policy shock, but also on the forecasts of

¢, and thereby on the forecasts of the forecasts of others. By the first half of Assumption 1,
Elm) = A" m, (11)

which shows that AP governs—and can be measured by—how much the average forecasts of m co-
vary with m. Consider next the forecasts of c. To characterize them, let us guess and verify that, in
equilibrium, ¢; = bE;[m] for all i and some coefficient b. Then, ¢ = [¢;di = bE[m)] and therefore
Elc] = E[bE[m]] = bE[E[m]], which reveals the role of the forecasts of the forecasts of others. By the
second half of Assumption 1, E[E[m]] = A8E[m); intuitively, because agents believe that only a frac-
tion A€ of other agents are attentive to the shock, higher-order beliefs (the forecasts of the forecasts of

others) respond less than first-order beliefs (the forecasts of m). By the same token,
Elc] =b-A8E[m] = A8 -bE[m] = A8, (12)

which shows that A& governs—and can be measured by—how much the forecasts of aggregate spend-

ing covary with actual spending. Finally, substituting (11) and (12) into (10) and solving for b, we get

c=(1-yA8)7 aA? m. 13
Sl —~— (13)
GE multiplier PE effect

Letting AP < 1 is thus equivalent to reducing a, the PE elasticity of ¢ to m, whereas letting 18 < 1 is
equivalent to reducing y, the strategic complementarity or the GE feedback. In words, own inattention
arrests the PE effect, whereas lack of confidence about others’ attention arrests the GE feedback.

Proposition 3 verifies that the above logic extends from the static example to our dynamic econ-
oBw 1-Bw
1-Bwp 1-Pwp*
itively, because behavior is forward-looking, both the PE and the GE effects increase with p. But the

omy; in fact, equation (13) directly translates to equation (9), with a = Intu-

and y =

meaning and the effect of ¥ and A8 remain exactly the same as in the static example. What is more, as

can be seen in the Appendix, the solution of the dynamic economy is just as tractable as the solution
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of the static example. This underscores an important advantage of Assumption 1: the equilibrium
dynamics can be solved via essentially the same guess-and-verify method (a.k.a. method of undeter-
mined coefficients) as standard FIRE models. Crucially, this advantage remains when we add learning
(in Section 4.4) or move to richer HANK models (in Section 6).

We conclude by circling back to Proposition 2 and verifying the claim made in the beginning of

this section: so far, we have effectively restricted a;, = 0 and have elucidated the forces behind a ¢ < 1.

Corollary 1. Under Assumption 1, the modified Euler equation (8) stated in Proposition 2 applies with
ap =0 and ay = A(AP, A8, w) for some increasing function A, with A(-) = 1 if and only if A\P = A8 = 1.
That is, ay < 1 is the combined footprint of the PE and GE attenuation described above. Furthermore,
ay is a steeper function of AP and A8 when w is lower: the same informational friction has more bite

when consumers have shorter horizons and higher MPCs.

4.3 An equivalence result for a few popular theories

We now demonstrate how Assumption 1 replicates various forms of incomplete information and/or
bounded rationality. To this end, we focus on the case of a single innovation occurring at ¢ = 0, con-

tinue to abstract from learning over time, and consider the following seven specifications:

1. Noisy information (Woodford, 2003) or rational inattention (Sims, 1993), minus learning. Each
household observes a noisy private signal m; = mq + u;, where u; ~ 4 (0,0%). This is basically
the same specification as that introduced in Section 4.1, except that we are abstracting from
dynamic learning. Rational inattention corresponds to letting households choose o, optimally,

subject to some cost. FIRE, on the other hand, corresponds to o, — 0.

2. Overconfidence (Kohlhas and Broer, 2023). The actual signal structure remains as above, but
households have misspecified beliefs about it. While the true precision of everyone’s signal is
0,2, each household believes that her own precision is o2, and that the precision of others is

-2 2

_ o )
oihers» Where oo, exceeds both 0, and o

o others*

3. Level-k thinking (Garcia-Schmidt and Woodford, 2019; Farhi and Werning, 2019; lovino and
Sergeyev, 2023). Instead of an informational friction, we now introduce a bound on rationality:
households form forecasts about aggregate outcomes by starting from steady state and iterating

best responses (or the IKC) k times. Formally, level-k outcomes solve the following recursion:

ck=(1-pw) Y (Bw)" 57} —apo Y. (Bw)'rren, Vi1, k
h=0 h=0
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with r; = —p’myg and ¢ = 0 V7. To understand this concept, note that level-1 households ob-
serve the shock perfectly but believe that others are level-0 thinkers, so their forecasts of ag-
gregate spending are El.l,t[ct] = 0; level-1 households thus respond as if the shock was purely
idiosyncratic and the GE feedback was absent. Level-2 households best-respond to the belief
that all other households are level-1, which amounts to incorporating one round of GE feed-
back. Level-3 households best-respond to the belief that others are level-2, and so on. It follows

that level-k outcomes embed k-1 rounds of GE feedback, and that FIRE corresponds to k — oo.

4. Arepresentative inattentive agent. There is a representative household, who understands the
economy’s structure and behaves as in RANK, except that her beliefs about the policy shock are

distorted to E;m; = uE;m;, for some p € (0, 1).

5. Sparsity (Gabaix, 2014; Guerreiro, 2023). Households obey the FIRE consumption function,
subject to the following distortion: they (mis)perceive their income and their interest rate to be,
respectively, E; Vi r+n = lyEt Vi v n and Ej ¢7i ¢on = prEeri ron, where (uy, uy) € (0, 1)? are fixed

scalars interpreted as the product of behavioral (non-rational) inattention.?

6. Cognitive discounting (Gabaix, 2020). Households cognitively discount future state variables,
in effect underestimating the persistence in those variables. Here, this means that, while the

true persistence of m; is p, households misperceive it to be p = up, for some p € (0,1).

7. Confusion of aggregate and idiosyncratic shocks. Households face idiosyncratic shocks: r; ; =
re+ 5; cand yir = yr+ 6%, where 5; . and fft are idiosyncratic, independent AR(1) processes,
with persistences p, and py, respectively. Furthermore, households observe r; ; and y; ; per-

fectly, and respond to aggregate shocks as if they were idiosyncratic.’

The question of interest is how aggregate spending responds to the underlying policy shock, in each

of the above scenarios. We answer this question below, leveraging the flexibility of Assumption 1.

Proposition 4 (Observational Equivalence). The equilibrium response of aggregate spending to policy
shock in any of the several forms of inattention or bounded rationality described above coincides with

that implied by Assumption 1 and characterized in Proposition 3, for some (AP, A8). In particular:

-2
Oy

0 2+0:?

1. Noisy Information mapsto AP = A8 = 1 =

-2 0.—2
2. Overconfidence maps to AP = % and A8 = —ohas . < AP,

OountOe¢ O otherst0¢

8That is, (1y, pr) may be the solution of a meta-problem weighting the costs and benefits of attention, similarly to the
case of rational inattention mentioned earlier. For our purposes, such endogeneity is neither necessary nor detrimental.

9The last assumption can be reconciled with rational expectations by letting the variances of {f,and ¢y, Y be arbitrarily
large relative to that of the aggregate shocks, and by assuming away any other information about the latter
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3. Level-k Thinking maps to AP =1 > A8 = A(k), for an increasing function A, withlim_.., A(k) = 1.
4. A representative inattentive agent mapsto AP = u<1 and A8 = 1.

5. Sparsity mapsto AP =y, <1 and A8 = 1, <1.

6. Cognitive discounting maps to AP = A& = A(u) < 1, for an increasing function A, with A(1) = 1.

7. Confusion of aggregate and idiosyncratic shocks maps to AP = A, (p,/p) and A8 = Ag(py/p), for

some increasing functions A, and Ag, with Ap(1) = Ag(1) = 1.

Corollary 2. Relative to FIRE, a representative inattentive agent exhibits a smaller PE effect but the
same GE multiplier. Conversely, level-k thinking arrests the GE feedback without changing the PE effect.
All other theories affect both channels, either equally or differentially. Finally, translated in terms of

Proposition 2, all these theories accommodate a ¢ <1 but restrict aj = 0.

Proposition 4 shows how the different theories map to different configurations of A” and 1§ un-
der Assumption 1. Corollary 2 summarizes which theories attenuate PE vs GE effects and connects
to Proposition 2. The textbook version of noisy information imposes A” = 18 = A, where A is the
signal-to-noise ratio. Adding overconfidence allows 18 < AP and clarifies that the aggregate dynamics
depend on the perceived precision. Level-k Thinking arrests the GE feedback while preserving the PE
effect, so it maps to AP =1 > A8. Conversely, a scenario featuring a representative inattentive agent
exhibits the full GE feedback, despite an attenuated PE effect. These two scenarios are thus extreme
opposite of each other and help isolate the two distortions, while all other theories blends them.

Beyond the specific theories exactly nests above, our formulation can proxy for a wide range of
other approaches. For instance, Woodford (2018) models agents as engaging in finite planning: they
solve their intertemporal decision problems only up to a finite horizon, thus failing to incorporate
not only the full dynamic consequences of their own choices but also the full equilibrium dynamics.
Under our prism, this amounts to A” < 1 and A€ < 1. Likewise, Mei and Wu (2024) consider agents en-
dowed with a finite depth of equilibrium reasoning: they internalize only a limited number of causal
feedback rounds in the general-equilibrium mapping. This corresponds to A” =1 and A8 < 1, simi-
larly to level-k thinking. Summing up, Assumption 1 offers not only a unifying lens but also a more

direct pathway to both the theory’s essence and its empirical footprint (more on this in Section 7).

4.4 Learning

The second half of Corollary 2 reminds that Assumption 1 and all of its cousins reviewed in the pre-

vious section allow & < 1 (extra discounting of the future) but rule out a; > 0 (anchoring to past
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outcomes). We now explain how learning is the key to a; > 0 and hence also to the hump shapes
seen in Figure 2. We first review two popular forms of learning, and then discuss how to add a form of

learning to Assumption 1, preserving its tractability and versatility.

Noisy learning as in Woodford (2003) and Angeletos and Huo (2021). As in Subsection 4.2, house-
hold i receives a new signal each period, given by x; ; = m; + u; ;, where u; ; ~ A (0,0?) is the noise.
Letting g € (0,1) denote the Kalman gain and L the lag operator, we can express the dynamic evolution
of the average forecasts of m; as follows:

E:my = gmy+(1—-g) pE;1[m;_1] = m; (14)
[ —

1-p(1-g)L

E(lmy—1)

Since m; is an AR(1), E;[m;] is an AR(2), which means that the average expectations exhibit hump-
shaped dynamics. The intuition is straightforward: as agents accumulate more information, their
forecasts gets closer to the true m;; but as time passes, the true m; itself converges back to zero; it
follows that, following a positive innovation, the forecasts of m; initially increase but eventually fall.
While this discussion offers crucial intuition, it tells only one half of the story: aggregate spending
depends, not only on the forecasts of m;, but also on the forecasts of aggregate spending itself. We
now explain why this is the key to understanding why the value of aj in Proposition 2 increases as we
lower w—or, equivalently, why the hump in aggregate spending gets more pronounced as we increase
the MPC. First, recall the optimal consumption at ¢ depends on expectations of income at ¢+ h, for all
h = 0. Next, note that forecasting future income is the same as forecasting aggregate spending, which
in turn amounts to forecasting the forecasts of others (Townsend, 1983). Furthermore, higher-order
beliefs adjust more sluggishly than first-order beliefs, because it takes more time to reach consensus
than to reach individual knowledge of any given shock (Rubinstein, 1989; Morris and Shin, 1997, 2006).
Finally, because agents care more about the behavior of others, and thus also about the forecasts of
others, when the strategic complementarity in their spending decisions is larger (equivalently, when
the Keynesian cross is steeper), a smaller w amplifies the importance of higher-order beliefs. Com-
bining these observations, we conclude that a smaller w gives rise to a more pronounced hump in

aggregate spending and income—equivalently, a smaller w maps to a larger aj, in Proposition 2.

Sticky information: same essence, some differences. Another popular form of learning is sticky in-
formation as in Mankiw and Reis (2002). In this framework, households update their information with
probability A and stay uninformed with probability 1—A. This gives rise to a simple recursion on aver-
age expectations: E/md=Ams+ 1 =A)E;_1[my]. Clearly, this is equivalent to (14), with the Kalman
gain g replaced by A. That is, sticky information and noisy information produce identical dynamics

for average first-order beliefs. As clarified in Angeletos and Lian (2016, Section 8.5) and Angeletos
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and Huo (2021, Online Appendix H), this exact coincidence does not extend to higher-order beliefs
and aggregate outcomes, but the difference is only quantitative, not qualitative. In particular, the two
models share the prediction that the hump shape in aggregate spending is more pronounced, not only
when the informational friction is larger, but also when the strategic complementarity is stronger, or
when the Keynesian cross is steeper. For all practical purposes, the two models are therefore one and
the same insofar as one focuses on average forecasts and aggregate outcomes. Finally, Coibion and
Gorodnichenko (2012) point out that the two models make different predictions about the cross sec-
tion of beliefs, and go on to argue that noisy information performs better in this regard. However, this

difference is not relevant for the more narrow purposes of our paper.

Adding learning to Assumption 1. We previously showed that Assumption 1 captures, succinctly
and tractably, the PE and GE effects of noisy information and of related forms of bounded rationality,
while abstracting from learning. We now extend this assumption to accommodate learning. We do
so in a way that not only preserves tractability but also separately parameterizes the speed of adjust-
ment in the agents’ knowledge about the underlying policy shock and in their perceptions about the

economy'’s adjustment to it.

Assumption 2. Following any innovation, an agent either knows the innovation perfectly or doesn’t
have any information about it. Furthermore, the actual fraction of agents who know the innovation h

periods after is AY, whereas the perceived fraction is /l‘f , Where

AL ==GMAV+GP  and =(1-GHAS+G8 VYh=0

h+1

and where (AY, A8, GP, G8) € (0,1)*. Finally, agents understand these dynamics.
0

The A’s have the same meaning as in Assumption 1. But now the associated belief distortions
are allowed to diminish over time. G” parameterizes how quickly the distortion diminishes in the
forecasts of the policy shock (which here coincide with the forecasts of the real interest rate), whereas
G$ parameterizes the speed of adjustment in the forecasts of aggregate spending and income.

How does this relate to Bayesian learning with noisy signals (as in Woodford, 2003)? The essence

is the same, but there is no “infinite regress” (Townsend, 1983) and the solution is straightforward.

Proposition 5. Under Assumption 2, the IRF of aggregate output to a monetary-policy innovation is

obtained by solving the following modified IKC

ye=(1-Pw)l- a</>)Z(ﬁw) A hyt+h+oﬁw2(ﬁw) "AY My, (15)
h= h=0

p
where 18 in= =18 and m = p'eg for all t, h, and where € is the innovation.

t+h ;u”
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The proof, which can be found in the Appendix, uses a similar guess-and-verify argument as that
used in Proposition 3. The key technical lesson here is that solving the model under Assumption 2
is just as easy as solving it under perfect foresight. Section 6 will extend this lesson to richer HANK
models. This underscores the tractability afforded by Assumption 2.

Turning now to the economic meaning of Proposition 5, note that our earlier scenario, with inat-
tention but no learning, is nested with i‘f = A8 and /1’; = A8 for all . Relative to this case, the ac-
commodation of learning has two implications. First, the effective discounting of future incomes and
future rates now decays with the passage of time since the occurrence of the innovation. By the same
token, the equilibrium spending gets closer and closer to its FIRE counterpart over time. Second, at
any given point of time, the GE multiplier is less attenuated. Even if only a few agents are informed
today, they believe that more agents will become informed and react to the shock in the future; they
thus expect their future income to move further in the direction of the FIRE outcome, even if it doesn’t
move much now; they therefore also find it optimal to raise their spending relative to the case without
learning (but not relative to FIRE). We will illustrate these predictions in our upcoming application to
forward guidance (Section 5.2). Finally, note that sticky information a la Mankiw and Reis (2002) is
nested with /15 = ﬂtg = A and G? = G& = A, for some A € (0, 1). Relative to this case, our generalization

disentangles the actual and the perceived speeds of learning.

5 Applications

Having elucidated the common mechanisms behind a diverse set of theories, we now show how these
mechanisms help understand salient business cycle facts, how they change policy predictions, and

how they fix certain “pathologies” of the standard paradigm.

5.1 Monetary policy affects real activity with a lag, inflation peaks even later

In response to identified monetary shocks, real activity peaks multiple quarters later, and inflation
peaks with even greater delay (e.g., Christiano, Eichenbaum, and Evans, 2005; Aruoba and Drechsel,
2024). Standard DSGE models replicate these facts with ad hoc features, such as consumption habit
and price indexation. Frictions in expectations offer a compelling alternative. We already demon-

strated this point for aggregate spending (recall Figure 2); so, we now focus on inflation.
To start with, let the friction be present only in the supply side: firms receive noisy private signals
Xir = m;+ U, where u; ; ~ N (0,02) is the noise, whereas households are perfectly informed. Equi-
1=

librium output is then y; = =5 Mt while equilibrium inflation solves equation (2). The latter has the

same mathematical structure as the IKC (1), with 7; in place of y; and the real marginal cost xy; in
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place of r;. Translating Proposition 2 to the present context, we infer that inflation satisfies
— f b
Te=xKyr+a’ PE¢[mral+a me,

where a/ < 1 and a? > 0 are again the products of the informational friction. Thus, it is as if inflation
obeys a Hybrid NKPC—and inflation exhibits a hump even if output does not.

Allowing the consumers to have incomplete information re-introduces the hump in aggregate out-
put seen earlier in Figure 2. The hump in output translates to a hump in the real marginal costs, which
in turn reinforces the hump in inflation. All in all, both output and inflation have a hump, but infla-
tion peaks after output, just as in the data. Angeletos and Huo (2021) indeed argue that the theory
performs well not only qualitatively but also quantitatively: when the level of noise is calibrated to
survey evidence on forecast errors, the inflation inertia is just as large as that observed in the data.

We conclude with two observations. First, although we have illustrated the above points assuming
noisy information a la Woodford (2003) and leveraging the results of Angeletos and Huo (2021), the
same points could have been delivered more straightforwardly with Assumption 2. Second, just as
the bite of the informational friction on output depends on households’ horizons and the slope of the
Keynesian cross, its bite on inflation depends on firms’ horizons and the strategic complementarity in
pricing. Through this channel, a lower 0 (higher price flexibility) translates, perhaps paradoxically, to
moreinertia in inflation, for essentially the same reason that a lower w (higher MPC) translates to more
inertia in aggregate spending. See also Angeletos and Huo (2021), Afrouzi and Yang (2021), Werning
(2022) and Cai (2024), which emphasize how relaxing FIRE interacts with market concentration, the

specification of nominal rigidity, and the policy response to inflationary pressures.

5.2 Forward Guidance

As shown in Section 3, FIRE gives rise to the so-called forward guidance puzzle: news of a cut in real
interest rates far in the future stimulates the economy by the same amount as a commensurate cut
today. This was true despite the fact that the PE effect of forward guidance was small for realistic w,
and was explained by a large GE multiplier.'® Moving away from FIRE, we then argued that incomplete
information and its cousins arrest the GE feedback, and the more so the stronger this feedback is.
It stands to logic that the forward guidance puzzle is lessened away from FIRE. Angeletos and Lian

(2018) and Farhi and Werning (2019) demonstrated this idea by introducing, respectively, incomplete

109Tn Section 3, we illustrate this puzzle by considering news at ¢ = 0 of a monetary expansion at ¢ = T, holding real rates
constant at £ < T — 1. The standard puzzle is actually worse, due to the zero lower bound (ZLB) on nominal rates and the
resulting feedback loop between spending, inflation, and real rates—the “deflationary spiral” in reverse. See Del Negro,
Giannoni, and Patterson (2015), McKay, Nakamura, and Steinsson (2016) and Angeletos and Lian (2018).
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Figure 3: Unanticipated Monetary Policy Shocks Under Bounded Rationality

information and level-k thinking. Here, we first replicate the common insight of these papers with the
help of Assumption 1, and then go on to study the role of learning with the help of Assumption 2.

Figure 3 revisits the policy experiment of the right panel of Figure 1: news at ¢ = 0 of a persistent
interest rate cut starting at ¢ = 16. In particular, we now plot the output response under three infor-
mational scenarios and two values for w. The left panel of Figure 3 sets w = 1 (RANK), the right panel
set w = .7 (HANK). In each panel, the solid blue line imposes FIRE, the dashed red line imposes As-
sumption 1 with A =1 and A8 = .25, and finally the dotted purple line imposes Assumption 2 with
)Lg =1, /1§ =.25, and G& = .25. In the last two scenarios, households are immediately and fully aware
of the news (which preserves the full PE effect), but they are also unsure about the attentiveness or the
rationality of others and they therefore underestimate the response of aggregate spending to the news
(which arrests the GE feedback). In the one scenario (dashed red line), this underestimation remains
constant over time; in the other (dotted purple line), it decays over time, thanks to learning.

The following patterns are evident from the figure. First, letting 18 < 1 lessens the forward-guidance
puzzle: the output response is smaller than that under FIRE, and the more so the further back we go
from t = 12. As already explained, this is because 18 < 1 arrests the GE feedback, which itself is larger
when the horizon of forward guidance is longer. Second, the resolution of the puzzle is very pro-
nounced in HANK (w =.7), while it is rather modest in RANK (w = 1). This is because HANK allows for
alarger GE multiplier and therefore also for a larger bite of the informational friction. Finally, learning
speeds up the adjustment via both a mechanical and a forward-looking channel: as time passes, con-
sumers learn more and adjust their spending in the direction of FIRE; but even before they can learn,
consumers raise their spending in anticipation of the faster boom in the future.

A quantitative assessment of the role of learning in the context of forward guidance remains an
open question for future work. Other related endeavors include Iovino and Sergeyev (2023) on quan-

titative easing and Angeletos and Sastry (2021) on optimal policy communication.
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5.3 Fiscal multipliers

In this section, we turn attention to fiscal policy. We first illustrate how inattention can arrest the GE
effects of government spending—echoing Angeletos and Lian (2018), Woodford and Xie (2019) and
Bianchi-Vimercati, Eichenbaum, and Guerreiro (2024). We then show how inattention can reinforce
the failure of Ricardian equivalence—echoing Gabaix (2020), Woodford and Xie (2022) and Eichen-
baum, Guerreiro, and Obradovic (2025). Combining these insights suggests that inattention likely

reduces government spending multipliers but increases transfer multipliers.

The Government-Spending Multiplier. We now extend the model to incorporate government spend-
ing and taxation, with the aim of elucidating how inattention alters the propagation of fiscal shocks.
Aggregate output satisfies y; = ¢; + g;, where government spending follows the process g; = pggs-1 +
€, where €, denotes the spending shock and pg the persistence of spending. To streamline the anal-
ysis, we assume a balanced budget each period, so that taxes satisfy #; = g;, and we posit a monetary
policy rule of the form m; = ¢py;, which links the real interest rate to contemporaneous output.
Combining the aggregate consumption function, the the monetary policy rule, and market clear-

ing, we obtain the following IKC:

o kg o kg
yi=ci+8=(1-Pow(l-0¢)) Z (Bw)" E¢lyrsr] — (1 - fw) Z (Bw)" E¢ltri] + 8t (16)
k=0 k=0
Note that a hawkish or active monetary policy (in the sense of ¢ > 0) attenuates the Keynesian multi-
plier, whereas the opposite is true for an accommodative or passive monetary policy (in the sense of
¢ < 0). By Assumption 1, E¢[t;4x] = E;[gr+k] = APE;[gr+k] and E¢[y,+k] = A8E;[ys+k]. Replacing in

(16) and solving for y;, we conclude that that the government-spending multiplier is

dy:  1-pgA?P

_ , 17
dg: 1-(pg+¢p)A8 an

Bw

where g = % increases with the persistence of the fiscal shock and ¢ = T-fap,

o¢ decreases with
the degree of monetary policy accommodation (i.e., it increases with ¢).

Consider first the case in which monetary policy maintains a constant real interest rate (¢ = 0).
Under FIRE (AP = A8 = 1), we obtain a unit multiplier, just as in Woodford (2011) and Bilbiie (2011).
Consider next the case with lack of common knowledge (Angeletos and Lian, 2018) or level-k think-
ing (Bianchi-Vimercati, Eichenbaum, and Guerreiro, 2024), which by Proposition 4 can be mapped
to A =1 and A8 < 1. In this case, the fiscal multiplier becomes less than one. The mechanism is in-
tuitive. Agents internalize that fiscal expansions necessitate higher taxes, inducing a negative wealth

effect that depresses spending. Simultaneously, they anticipate the positive general-equilibrium feed-
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back from higher output, which works in the opposite direction. Under FIRE, these two forces exactly
offset, yielding a multiplier of one and leaving consumption unchanged. But when agents fail to fully
internalize the aggregate consequences of fiscal policy—that is, when their perceptions of the general-
equilibrium feedback are muted relative to the perceived fiscal burden—the wealth effect dominates.
As aresult, consumption contracts and the multiplier falls below unity.

The opposite scenario becomes possible if A” is sufficiently small relative to A8. Intuitively, if
agents underestimate the tax burden of government spending enough relative to its stimulating effect
on output, they may end up increasing their consumption. However, this scenario is less likely when
¢ <0, such as in the ZLB context.!! The reason is that the expansionary force of government spending
now operates through two general-equilibrium channels—higher income and lower real rates—and
inattention dampens both of them. Accordingly, Angeletos and Lian (2018) argue that, in the ZLB
context, frictions in information and rationality reduce the effectiveness of government spending in

essentially the same way as they reduce the effectiveness of forward guidance for monetary policy.

The Transfer Multiplier. We now extend the model to examine the general-equilibrium effects of
government transfers (“stimulus checks”). The central insight is that departures from FIRE introduce
a distinct mechanism through which Ricardian Equivalence fails, thereby allowing transfers to influ-
ence economic activity in a meaningful way.

For simplicity, we assume that fiscal policy entails a one-time aggregate transfer. In the spirit of
rational confusion models (see Proposition 4), we assume that the transfer received by individual i is
the sum of the aggregate transfer, €¢, plus an idiosyncratic transfer 7;, which has a zero cross-sectional
mean. People observe their total transfer €y + 7;, however only a fraction A? is attentive to the aggre-
gate transfer policy €y, while the remaining 1 — A? attribute their entire transfer to the idiosyncratic
component. Agents believe a fraction A€ is attentive, and no agent observes yy. We assume that mon-
etary policy maintains a constant real interest rate. Furthermore, for simplicity, we suppose that the
transfer is financed with taxes at time 1, which implies that y; = 0 for £ = 1. These assumptions imply
two distortions in expectations. First, agents underweight the magnitude of future tax burden, i.e.,
time 1 taxes are t; = " 'eg, but since only A” individuals are informed of the policy, it follows that
the average expectation is given by Eolt1] = AP1;. Second, as before, individuals underestimate the

general-equilibrium effect of the policy on income: Eq [yo] = 18 y,.'2

'When nominal rates are constrained by the ZLB, the inflationary pressure of higher government spending translate to
lower real rates. This explains why ¢ < 0 proxies for the ZLB.

12To simplify the exposition, we let the fiscal shock be transitory, so the Keynesian multiplier operates merely within
period 0. To make sure that the informational friction has a bite despite this simplification, we then preclude people from
observing current income. The essence remains the same in more general setting where agents observe current income
but shocks are persistent and the Keynesian multiplier operates over multiple periods, as in our earlier analysis; see in
particular Eichenbaum, Guerreiro, and Obradovic (2025) for the application to the transfer multiplier.
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In this economy, the transfer multiplier is given by:

deo " 1= (1= pa) A% (1-2Pw). (18)
When A8 = AP =1, this multiplier reduces to the FIRE benchmark (e.g., Angeletos, Lian, and Wolf,
2024a,b). In this benchmark FIRE, the multiplier is strictly positive if and only if w < 1, reflecting the
failure of Ricardian Equivalence due to finite horizons. Relative to this benchmark, the behavioral dis-
tortions discussed above have two distinct consequences. First, when agents are inattentive to taxes
AP < 1, they discount the future tax burden of the current transfer and therefore consume a larger
proportion of the transfer relative to FIRE. This effect increases the overall transfer multiplier. Sec-
ond, when agents are inattentive to the GE consequences of the policy 18 < 1, they respond less to the
increases in equilibrium income associated with the transfer, leading to a dampening of the transfer
multiplier. Eichenbaum, Guerreiro, and Obradovic (2025) develop a quantitative HANK model cali-
brated to microdata on planned propensity to spend out of aggregate transfers and show that the first

force tends to dominate, implying that the transfer multiplier is larger with inattention.

5.4 Other lessons

We conclude this section be reviewing briefly a few additional lessons.

1. Supply shocks are more inflationary when they are more salient. Liu and Zhang (2024) show
that when information about inflation becomes more salient, firms rationally confuse positive
demand shock for negative supply shocks, and therefore raise their prices more in response to
demand shocks. What is more, this mechanism is amplified by the strategic complementar-
ity in the firms’ pricing choices. All in all, this helps generate a steeper Phillips curve. In Liu
(2025), a similar result obtains via a different mechanism—the interaction of consumer confu-
sion and search frictions. When consumers are better informed about aggregate supply shocks,
they are less likely to misinterpret aggregate cost-push shocks for idiosyncratic price increases

and hence also less likely to search for a competitor, so firms in pass through costs more fully.

2. The indeterminacy problem of the New Keynesian model is lessened or resolved. Gabaix
(2020) shows that cognitive discounting enlarges the region of parameters where the Taylor
principle holds. This is basically an implication of adding discounting (ay < 1) in the Euler
equation. Angeletos and Lian (2023), on the other hand, show that finite social memory of
past payoff-irrelevant contingencies, or small appropriate noise as in the global-games litera-

ture (Morris and Shin, 2001, 2003), can help select a unique equilibrium regardless of whether
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the Taylor principle holds or not. This is because all sunspot or “backward-looking” solutions of
the New Keynesian model hinge on a fragile infinite chain: consumers may respond to sunspots

today only if they expect other consumers to keep responding to them in the infinite future.

3. Two controversial ideas—the FTPL and neo-Fisherian effects—find less space. The equilib-
rium selected by finite memory or small noise in Angeletos and Lian (2023) is RANK’s conven-
tional solution (also known as its forward-looking or MSV solution), even when monetary policy
is “passive” (i.e., the Taylor principle is violated). This solution preserves Ricardian equivalence
and rules out deficit-driven fluctuations in output and inflation, thus also ruling out a regime
with “active” fiscal policy. Put differently, there is no space left for the Fiscal Theory of the Price
Level (FTPL) within RANK." Garcia-Schmidt and Woodford (2019), on the other hand, shows
that “reflective equilibrium”—a close cousin of level-k thinking—can rule out a neo-Fisherian

scenario, whereby interest rate hikes trigger inflationary booms.

6 HANK without FIRE

In this section, we adapt our analysis to a general class of HANK models, leveraging recent advances
in the sequence-space approach (Auclert, Rognlie, and Straub, 2020). Although the essence remains
largely the same, there is an important gain: by accommodating realistic behavior at the microeco-
nomic (or PE) level, we can now model more accurately the relevant macroeconomic (or GE) feed-
backs and thereby also the effects of informational frictions and/or bounded rationality. Our focus
here is, not to carefully evaluate this gain, but rather to illustrate how exactly one can go after it.

We start in Section 6.1 with a brief review of the perfect-foresight version of the Intertemporal
Keynesian Cross (IKC) developed in Auclert, Rognlie, and Straub (2024); solving that IKC is equivalent
to characterizing the economy’s linearized impulse response functions under FIRE (Boppart, Krusell,
and Mitman, 2018). In Section 6.2, we next show how to adapt the IKC methodology away from FIRE,
allowing for essentially arbitrary subjective expectations; this echoes our derivation of equation (1)
in Section 2.1, except that now the underlying microfoundations are richer and, by consequence, the
applicable versions of the aggregate consumption function and the IKC are more complicated (but
still tractable and insightful). We conclude in Section 6.3 by illustrating how the IKC can be solved
under our preferred specification of inattention; we thus revisit the response of the economy to a
monetary policy shock, under the same departure from FIRE as in our baseline analysis, but now with

a more realistic HANK microfoundation.

13Moving to HANK naturally allows fiscal deficits to drive aggregate demand and thereby output and inflation. This in
turn can generate FTPL-like predictions, but now the underlying theoretical mechanism is different, more robust, and
empirically grounded; see Angeletos, Lian, and Wolf (2024b), Angeletos et al. (2025) and Rachel and Ravn (2025).
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6.1 The IKC with FIRE (equivalently, with perfect foresight)

Consider the perfect-foresight response of aggregate consumption to perturbations in aggregate in-
come and interest rates. As shown in Auclert, Rognlie, and Straub (2024), this response is character-
ized by a sequence of functionals {&€} F}:io, each of which describes aggregate consumption at any

given date as a function of aggregate income and interest rates in all dates:
Ci=%; (Ix32)  where  {x2)={Y;, 3. (19)

Although the functional €' is derived from the underlying microfoundations, for our purposes it can

be treated as a primitive. Compute the following partial derivatives, evaluated in steady state:

_ 06," ({xs}?io)

06" ({x5132)
b oY,

and M = 3
N

{xs}={x%5} {xs}={x%}

We then have the following linear approximation: dC = M-dY + M" - dr, where dX = [d Xy, d X;, ...]
denotes deviations from steady state, M = [M, ;] is the sequence-space Jacobian with respect to in-
come (or the matrix of intertemporal MPCs), and M" = [M] ]| is the Jacobian with respect to interest
rates. Imposing market clearing, we conclude that the dynamic response of aggregate output to any

changes in real rates must solve the following fixed-point relation:
dY =M-dY + M -dr. (20)

This relation, known as the Intertemporal Keynesian Cross (IKC), is the analogue of the Dynamics
IS equation and is the key to solving HANK models with the sequence-space methods. If we specify
monetary policy as an exogenous impulse dr, the equilibrium response of aggregate spending and
output to monetary policy shock is obtained by solving (20) for dY as a function of dr. More gen-
erally, one can combine equation (20) with additional equilibrium restrictions, such as a Taylor rule
for monetary and a generalized Phillips curve, to obtain the impulse response of output, inflation and

interest rates to various exogenous shocks.

6.2 The IKC without FIRE

We now adapt the IKC methodology to more flexible models of expectations. This relaxes the coin-
cidence between subjective and objective beliefs, thus also allowing for the following mechanism:
unlike FIRE, the agents’ forecast errors, or forecast revisions, can vary systematically (i.e., predictably)

with shocks to policy or other fundamentals. This mechanism will manifest below in an appropriate
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modification of the IKC. At the same time, we continue to restrict attention to first-order dynamics; in
the present context, this means that we allow for flexible dynamics in average forecasts but abstract

from dynamics in higher moments (e.g., variation in subjective uncertainty).

The aggregate consumption function without FIRE. We start with the following assumption, which
states that aggregate consumption at any given date can be expressed as a function of the realized
income and interest rates thus far, the contemporaneous expectations regarding future income and

interest rates, and the entire history of such expectations in the past:

Assumption 3 (General Demand Structure). There exists a functional € such that, for all t = 0, aggre-
gate consumption at date t is given by

Ct:%({xs,{ﬁsxm}m ) ) @

h=1) s=—0c0
where xs = (ys, 1) and where Eg [Xs4 1] = J Ei t[xspldi.

While the dependence of aggregate consumption on current fundamentals and current expecta-
tions is immediate, the inclusion of past fundamentals and past expectations warrants further dis-
cussion. This backward-looking dependence implicitly captures the influence of lagged economic
conditions on the endogenous state variables—such as asset holdings—that influence current con-
sumption decisions. That is, the dependence of c¢; on the history {xs, {Esxer h}c:zl}zioo captures
how past realizations and expectations shape the state of the economy at date ¢.!*

To illustrate this point, we briefly return to our baseline OLG setting and show how to derive the
relevant consumption functional in that setting. In so doing, we also clarify why the backward-looking

terms could be sidestepped in this setting but not more generally.
Revisiting our OLG setting. Consider our baseline model, where aggregate consumption is given by
B hs o hs
ct=(1-pw)|a:+ Y (Bw) Et[yin]|—0Po Y (Bw)" E¢lriinl, (22)
h=0 h=0

while aggregate assets satisfy

azZ,B_I(J’t—l"‘Et—l—Ct—l)- (23)

In our earlier analysis, we used market clearing to replace a; = 0 in (22) and obtain an IKC that lacked
backward-looking terms. Here, we instead iterate on (23) and express a; as a function of the econ-

omy’s history; replacing into (22) then yields a variant IKC, one containing backward-looking terms.

“Implicit in equation (22) is the assumption that agents observe their concurrent income and interest rates, stated more
explicitly in Assumption 4 below.
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In particular, take c;—; from equation (22) evaluated at date ¢ — 1 and replace it in (23) to obtain

ar=wai +0yi1—(1-po) i (,Bw)hftq [Vi-14n] + 0B Z (,Bw) Er-1[ri-14nl.
h=1 h=0

Next, iterate backwards and use lim7_.o, w” @;_7 = 0 to express date-t aggregate assets as

-1 -1 _ 0o _ . _
a;= Z O Vs — Z w_s{(l ,361)) Z (,Bw)hEHs [Yt+s+h]+(7ﬁz (ﬁw)hEt+s[7’t+s+h]},

S=—00 §=—00 w hzl hZO

Finally, replacing in the consumption function above, we obtain

= (1 - ,3(1)) { _Xl: w_S.VHS - S:_ZIZOO(U_S { ( - ,3(1)) OZ:‘, (ﬁw)hEHs [J’t+s+h] +of i (ﬁw)hﬁﬁs [Tt+s+hl } }

S=—00 h:()

o0
h_
+(1-Bw) Y (Bw)" Et[yin] —0Bo Z (ﬁw) E([resnl,
h=0 h=0
which is directly nested in (21). In Appendix C, we also show how a full HANK model with uninsur-
able idiosyncratic income risk and borrowing constraints fits into the same aggregate consumption
specification. The basic idea is that past realizations and past expectations generally enter current

aggregate demand via their effects on relevant state variables.

Deriving the generalized IKC. We now return to the general consumption function in equation (21)
and demonstrate how to obtain a tractable way of accommodating more realistic expectations forma-
tion. As a preliminary step, it is instructive to observe that the perfect foresight consumption function
employed in the standard IKC formulation—equation (19)—can be viewed as a special case of the
general belief-dependent consumption function. Specifically, under the assumption that agents hold
steady-state expectations prior to the realization of an “MIT shock” at date ¢ = 0 and possess perfect

foresight thereafter, the consumption function €'F satisfies:

G (1x120) = 6 (Hx " Floh oo Hressentfiol o)

The perfect-foresight IKC coefficients can be computed from the general consumption function using
this fact. Given the generalized consumption function, the perfect-foresight IKC coefficients can be

computed assuming that all expectations from time zero on move by the same amount, i.e.,

mln{t i1 g€ min{t,s} 1 5@ (.
= > 900 and Mj ;= Y |—= v , Vi,s€{0,1,...},
=0 OB [Y] {Belixeanl}=te) =0 LOET [rs] 1 1} =ty
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where we henceforth use the convention E; [xs] = x; whenever s < ¢. (This convention reflects our
assumption that agents observe their own assets, income and returns, although they don’t extract
information from them about the aggregate shocks.)

The principal complexity in extending the IKC beyond FIRE arises from the fact that, under ar-
bitrary subjective expectations, aggregate consumption depends not only on the realized trajectory
of aggregate variables, but also on the sequence of subjective beliefs that agents hold at each point
in time regarding the infinite future. Auclert, Rognlie, and Straub (2020) discuss how the additional
coefficients that determine the response of aggregate consumption to changes in beliefs can be de-
rived analytically from the original sequence-space Jacobians computed under perfect foresight. This
insight facilitates tractable extensions of the IKC framework to settings with realistic expectations.

Our analysis here follows Bardoczy and Guerreiro (2023). We begin by assuming that expecta-
tions prior to date 0 are fixed at their steady-state values: E;xpop = x5 for all £ < 0. At time 0, an MIT
shock occurs, generating deterministic deviations in the paths of aggregate output and interest rates.
However, agents do not possess perfect foresight following the shock. Instead, they may form incor-
rect beliefs and subsequently revise these beliefs, in a manner that is predictable to the analyst (or
the econometrician). The generalized IKC presented below accounts for how this kind of systematic
errors and revisions in the agents’ subjective beliefs influence the actual equilibrium dynamics.

Denote the average forecast revision as FR;(X;:n] = E¢[Xs2n) — Er—1 [X¢+5]."° The rational expec-
tation of this object conditional on the MIT shock is identically zero when agents have FIRE, but may
systematically vary with the shock when agents have incomplete information and/or mis-specified
beliefs. This is the kind of predictability mentioned above. We then have the following characteriza-

tion of the fixed point between actual outcomes, subjective expectations, and predictable revisions.

Proposition 6 (Generalized IKC under Realistic Expectations). The generalized IKC is given by:

dC=M-EyldY1+) R FR;dY1+M -Egldrl+ ) R;-FR.[dr], (24)

=1 =1

where the forecast-revision Jacobians are given by

with 0. denoting a zero matrix with dimensionsr x c.

To further elucidate the structure of the Jacobians in Proposition 6, we now offer an intuitive de-

composition based on the timing of belief updates. For simplicity, consider an exogenous perturba-

15Note that the forecast error x; — E;_ [x;] is a special case of the forecast revision FR;[x;).
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tion to future income dY;; an analogous analysis applies for interest rate shocks.

Suppose that, at date 0, people hold incorrect expectations about income at some date s (i.e.
Eo[dY;] # dY;) and that these expectations remain unchanged until a forecast revision at some date
T<s(.e., ﬁ, [dY;] #0). The change in aggregate consumption at any ¢ < s can be decomposed to

_ anticipated unanticipated
dC; = dC +dC! :

where dC?""P**! captures the response to the initial expectation Eq [dY;] and dC™ P2 reflects

the adjustment triggered by the forecast revision at 7. This decomposition clarifies the operational
role of the Jacobians M and £; in capturing, respectively, the effects of anticipated and unanticipated
components of the shock. We now examine each component of the decomposition in detail.
Consider first the effect of the initial expectation E [d Y], under the assumption that all subse-
quent revisions are zero. This corresponds to a persistent shift in beliefs such that E;[dYs] = Ey[dYs]
for all £ = 0. Under this scenario, agents experience a once-and-for-all update to their expectations at
0 and maintain perfect foresight thereafter. Consequently, the consumption response at ¢ coincides

with the response implied by the perfect-foresight IKC:
dC?miCipated =M, EyldY;], forallt=0.

Next, consider the consumption response to the forecast revision at date T about time s income
ﬁ, [dY;]. Since agents do not anticipate making forecast errors, consumption behavior is unaffected
prior to date 7. At time 7, agents are surprised and revise their beliefs accordingly. Importantly, be-
cause the forecast revision is predictable by the analyst but not by the agents, the consumption re-
sponse mimics the response to a new MIT shock, as if FR; [d Y] were a new innovation in fundamen-

tals. It follows that

d Cunanticipated _ 0 ifr<t

t R
Mt—T,S—T * FRT [dYS] if t =T.

This shows that the forecast-revision Jacobians %, in Proposition 6 can be constructed directly from
the original Jacobians M, appropriately shifted to reflect the timing of the unanticipated realizations.

Stacking these responses across all dates s and horizons h yields the generalized IKC (24). This ex-
ercise thus demonstrates the contribution of both anticipated and unanticipated changes in expecta-
tions to aggregate dynamics, and highlights how the original Jacobians M and M" can be re-purposed

to account for arbitrary belief dynamics in a transparent and tractable manner.
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Using the Generalized IKC to compute IRFs. The generalized IKC (24) can be used to construct
impulse response functions (IRFs) under different models of expectation formation, much like the
original IKC could be used to construct IRFs under FIRE.

To this end, we continue to consider the case of a one-time innovation hitting the economy at ¢ = 0,
and seek to construct the IRF of consumption dC; and aggregate output dY; = dC;. Constructing this
IRF amounts to taking the objective expectation—i.e., the analyst’s expectation—of the solution of the

IKC, conditional on the assumed innovation. That is, we compute
EoldC,] = E[dCtleo],

where €y denotes the exogenous innovation—e.g., an unexpected change in the period-0 interest rate,
or news about interest rate in future periods—and E[-] denotes the FIRE operator. Note then that,
while each agent in the economy does not expect to make future revisions, the analyst may well expect
such revisions: we have assumed E; ;[xy — E; s[xy]] =0 forall i, f,s > 1,5’ = s, but have allowed E¢[xy —
E; s[x¢1] # 0 and therefore also [ [dx —E[dx]] #0foralls=0,s = s.16

This is the precise point where the deviation from FIRE has a bite. Indeed, suppose momentar-
ily that the shock is such that [k [ﬁt [xs]] = 0, which means that average forecast errors are unpre-

dictable in the eyes of the analyst. In this knife-edge case, condition (24) gives
EoldCl = MEy[dY]+ M Eyldr],

which means that the analyst expects the economy to respond to the period-0 innovation exactly as
in FIRE (or perfect foresight). That is, the IRF to a given shock can differ from their FIRE counterparts
only insofar as average forecast errors are predictable in the analyst’s eyes (i.e., under the objective
expectations and conditional on the given shock).

Apart from illustrating the meaning and use of the generalized IKC (24), this discussion under-

scores the following points, which directly extend from our baseline analysis to the present context:

* Empirically, what is key for aggregate dynamics—at least in the class of linearized economies
considered here—is not whether the econometrician can predict individual forecast errors con-
ditional on an individual’s own information or own revisions, but rather whether average fore-

cast errors are predictable.

* Theoretically, the model is closed by specifying the underlying shock and what the correspond-

ing IRF of the average forecast revisions.

16Note that this implies that E; ; [FR,-,S [xs/]] =0, i.e., forecast revisions are unpredictable by the agents themselves,
although they could be predictable by the analyst Eg [FR; s [xy]] # 0.
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Needless to say, these points go hand-to-hand. The empirical macroeconomist may concentrate on
the IRF of average forecast errors/revisions to identified shocks—similarly to Coibion and Gorod-
nichenko (2012) and Angeletos, Huo, and Sastry (2021), and unlike Bordalo et al. (2020). The theoreti-
cal macroeconomist may in turn use such evidence to guide the choice of the model of inattention or
bounded rationality that needs to be “pasted” upon the preferred version of the IKC. We next illustrate

how this can be done in practice, blending the IKC of this section with the insights of Section 4.

6.3 Response to a Monetary Shock

As in Section (4), we abstract from any feedback from real economic activity to real rates (¢ = 0) and
let r; = —m,, where m, follows an AR(1). We next abstract from any innovation in period ¢ = 1, and
concentrate on the IRF to €y, the time-0 innovation, starting from steady state (m_; = 0).

Under FIRE, we have Eo[m,] = m; = p’e. Here we instead let agents be inattentive to the shock, as

well as skeptical about others’ attentiveness and/or responsiveness to it.

Assumption 4. All agents observe the concurrent values of their own assets, income and rates of return,
but do not extract information about the underlying aggregate innovations. Furthermore, whenever an
innovation occurs, a randomly-selected fraction AP of agents—the “attentive” ones—Ilearns the innova-
tion immediately and perfectly, and adjust their expectations about the future in accordance to FIRE,
while the rest—the “inattentive” ones—never adjust expectations. Finally, everyone believes that other

agents are attentive with probability A8.

This is basically the same as Assumption 1 in Section 4.2, except for a minor twist. There, we
had allowed agents to be uncertain about their concurrent income and interest rates. Here, we allow
agents to observe and condition their consumption on these objects, thus guaranteeing that borrow-
ing constraints are never violated. At the same time, we preserve the deviation from FIRE by explicitly
assuming that agents do not extract information about the aggregate shocks from their own condi-
tions. As noted earlier, this could be rationalized by letting individual income and individual interest
rates to be contaminated with large, transitory, idiosyncratic shocks—this translates to large noise in
the information contained in individual outcomes about aggregate outcomes. For simplicity, we fur-
thermore assume that the allocation of attention is uncorrelated with MPC or other characteristics in
the cross section—or else the the IKC must account for this correlation, as in Guerreiro (2023). Finally,
one does not have to take Assumption 4 too literally: what matters ultimately for aggregate dynamics
is the responsiveness of average beliefs, which is herein parameterized by A” and A8.

Now let us guess and verify the existence of an equilibrium (i.e., a fixed point to the IKC). In par-

ticular, let dx; = ;- €o, for some {y;} that identifies the IRFs of output and interest rates to €y. Clearly,
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x4 = p', that s, the real-rate IRF is just the exogenously specified AR(1) process; what we need to solve
foris {)(f}, the output IRE By Assumption 4, the attentive agents forecast E; ;[m;] = ms = p°eq for all ¢

and all s > ¢, whereas for the inattentive ones forecast E; ;[m;] = 0. By the same token,
E ldrs) = —E;Img] = AP mg = APp’eg Vt,s > t.

This captures the inattentiveness to the shock itself, or the unresponsiveness of first-order beliefs.
In order to derive the generalized IKC under these assumptions, it will be useful to define the

myopic sequence space Jacobians to income and interest rates,

(Mop 0 0 .. (M, 0 0

Moy Moy 0 ... MI, M, 0O ..
&= 1,0 0,0 ., and &’ = 1,0 0,0 )

Mo Mo Moo ... Mi, My, Mg

respectively. These Jacobians represent the responses of the inattentive to income and interest rates.

Proposition 7. Under assumption 4, the generalized IKC is given by
dY=dC=M-dY + M’ -dr, (25)
where the generalized sequence-space Jacobians to income and interest rates are given by
M=28M+(1-18)& and M =A"M"+(1-AP)&" + (AP —A8) (M- &) 4°E",

respectively, with #° such that #° (1-&) =1 and 1 being the identity operator. Furthermore, as long

as an equilibrium exists, the impulse responses of interest rates and output to €y are given by

dr =p-€ and dY =yY e,

Y sa T

respectively, where p = {p*} -, and x solves the linear system: (I- M)y =M -p.

The results in Proposition 7 are intuitive. First, note that the effects of income on consumption
are mediated by the matrix M which is a convex combination of the FIRE IKC M and the myopic IKC
&, with weights given by A8, which reflects the fact that people expect A8 individuals to be attentive
and responsive to these general-equilibrium changes. The remaining fraction 1 — A8 are thought to
be inattentive and therefore will only respond to changes in equilibrium income when they observe

them, i.e., they are expected to behave myopically. The first two terms of M’ show that a similar logic
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applies to the partial-equilibrium response to interest rates, except that now mediated by the true
fraction of attentive individuals, A’. When AP = A8, the response to interest rates is given solely by
these two terms. However, when A? # A8, there is an additional term, which reflects the fact that
attentive individuals mis-forecast the change in equilibrium output as a consequence of the myopic
responses of inattentive people. Finally, we can think of yY, the impulse response function of output,
as the solution of inverting (I— M) ™' M -p.""

This formulation underscores two key insights that we have discussed before. The direct trans-
mission of the monetary policy shock through household consumption responses is governed by M’,
which interpolates between the rational expectations and myopic cases based on the degree of par-
tial equilibrium belief distortion, AP. The amplification mechanism of aggregate demand operates
through the Keynesian cross, whose slope is determined by M. As A8 declines, the forward-looking
response of aggregate consumption weakens, and backward-looking components increasingly dom-
inate the propagation of shocks. This decomposition clarifies how deviations from FIRE shape both
the strength and temporal structure of the macroeconomic transmission mechanism.

Both of these features echo the analysis presented in Section 4. There are, however, two substan-
tive generalizations. First, the framework accommodates a broader class of forward-looking effects:
expectations of future outcomes can influence period-# consumption in a flexible, non-parametric
manner, rather than being restricted to the exponential structure imposed by the OLG environment
previously considered. Second, and more fundamentally, the framework allows for backward-looking
effects. That is, aggregate consumption may respond not only to expectations about the future but
also to the realized history of past outcomes. This extension is reflected in the modified backward-
looking MPCs (namely, M t,i—n for h = 0), which, in contrast to their FIRE counterparts, now capture
the behavioral response of households to past realized surprises.

Figure 4 presents the IRFs of output following a monetary policy shock under various models of
belief formation. The dark blue line corresponds to the benchmark case of full-information rational
expectations (FIRE), while the red dashed line illustrates the response under inattention with AP =
A& = 0.25. The orange dotted line shows the IRF under a model of sticky expectations, assuming a
stickiness parameter A = 0.25. Finally, the purple dash-dotted line depicts the output response under
an alternative specification of cognitive discounting, where E;(x¢+5) = m"x.,;, and we assume m =
0.25. We normalize the size of the shock such that the time 0 output response under FIRE is one.

Consistent with the findings of the previous section, we observe that inattention with learning
generates a hump-shaped response of aggregate demand—a feature absent in the other displayed

models. This behavior arises from the interaction between attenuated forward-looking behavior and

17F0rmally this is not precise since the matrix I — M is not invertible, but Auclert, Rognlie, and Straub (2024) show how
this nuisance can be addressed, preserving the tractability and economic interpretation of the solution.
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Figure 4: IRF of Output to a Monetary Policy Shock

gradual forecast revisions, which delays the propagation of monetary policy shocks. These results
are consistent with Auclert, Rognlie, and Straub (2020), who show that sticky information generates
a hump-shaped consumption IRF in a medium-scale HANK model, and underscore the versatility of
the computational framework developed above. The generalized IKC (24) is agnostic about the ex-
pectation formation process, enabling the analyst to accommodate a wide range of belief distortions
in a tractable and unified manner. The case considered here is merely an example of the much larger

class of belief specifications that the framework can accommodate.

Beyond real interest rate pegs. We have posited a monetary authority that sets the real interest rate.
The extension to a more general policy specification is immediate. One need only combine the IKC
in Proposition 6 with the general-equilibrium relations that pin down the equilibrium real rate as a
function of the monetary shock and output. As shown in Appendix C, the IKC then retains the same
formal structure as in Proposition 6, with the proviso that the mappings M and M" are redefined to

incorporate the induced general-equilibrium feedback.

Forward guidance The generalized IKC framework also lends itself naturally to the analysis of alter-
native policy experiments, such as counterfactual interest rate paths or changes in monetary policy
design. One of the key advantages of the sequence-space representation is its modularity: alternative
policy scenarios can be implemented directly by modifying the paths of dr (or dm), without the need
to re-solve the full general-equilibrium model or introduce additional state variables associated with
news shocks or more general policy regimes.

This flexibility stems from the invariance of the generalized IKC to the specification of the pol-
icy shock process, which allows the analyst to compute the IRFs under different such specifications

through the same Jacobians. As a result, the framework facilitates efficient comparative statics and
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Figure 5: IRF of Output to Forward Guidance

policy analysis, even in settings with complex belief distortions or rich belief dynamics.

Figure 5 computes the IRF of output following an announcement of a future interest rate cut, to
occur at time ¢ = 20, under various models of belief formation. The dark blue line corresponds to the
benchmark case of full-information rational expectations (FIRE), while the red dashed line illustrates
the response with inattention with 1”7 = 18 = 0.25. The orange dotted line shows the IRF under a
model with learning, which formally is a sticky expectations model with coefficient A = 0.25. Finally,
the purple dash-dotted line depicts the output response under an alternative specification of cogni-
tive discounting, where E/(xep) = A"xp, ), and we assume m = 0.25. We normalize the size of the
shock such that the time 20 output response under FIRE is one.

First, all alternative belief specifications display a muted initial response relative to the FIRE bench-
mark. This attenuation reflects the limited ability of agents to anticipate the future policy action un-
der boundedly rational expectations. Second, the model with learning (orange dotted line), exhibits
a sharply increasing response as the realization of the policy shock approaches. This dynamic pat-
tern reflects agents’ ability to progressively incorporate information over time, leading to a response
profile that converges toward the FIRE outcome.

In contrast, the other two models—the basic inattention model (A1 = 0.25, red dashed line) and
the cognitive discounting model (purple dash-dotted line)—show persistent under-reaction to the
forward guidance shock. Their IRFs remain well below the FIRE benchmark throughout the horizon,
indicating that the behavioral frictions embedded in these belief structures substantially impair the
anticipatory component of aggregate demand. In both cases, forward-looking expectations are too
attenuated to generate significant pre-emptive responses, thereby weakening the effectiveness of for-

ward guidance.
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7 Theory Meets Evidence

This section circles back to the motivating evidence on expectations. We first ask whether the various
theories reviewed in this paper have testable differences, and whether we should care about them. We

then zero in on how to discipline one’s preferred theory.

7.1 Testable differences—and should we care?

Throughout, we have emphasized a set of predictions that are shared by various kinds of informa-
tional friction and bounded rationality. But are there testable differences between these theories?
And what's the “best” theory we should add to the mainstream business-cycle paradigm?

We offer a relatively sharp answer to the first question and a more nuanced one to the second.
On the one hand, the available evidence on expectations seems to favor dispersed noisy information,
along the lines of Woodford (2003), perhaps augmented with overconfidence and/or over-extrapolation
(Angeletos, Huo, and Sastry, 2021; Bordalo et al., 2020; Kohlhas and Broer, 2023). This claim is based

on the following three observations:

1. In response to aggregate shocks, the gap between actual outcomes and the average forecast
thereof is large on impact but decays with the time since a shock has hit the economy (Coibion
and Gorodnichenko, 2012; Angeletos, Huo, and Sastry, 2021). This pattern is inconsistent with
the basic forms of level- k thinking, cognitive discounting, or sparsity reviewed earlier as well as
with any kind non-stationary learning (e.g., agents growing more sophisticated or learning how
to play equilibrium). Instead, it requires some form of stationary learning, along the lines of

noisy or sticky information, or Assumption 2.'®

2. While average forecasts under-react to aggregate shocks (Coibion and Gorodnichenko, 2012;
Angeletos, Huo, and Sastry, 2021), individual forecasts do not follow a comparable pattern; if
anything, individual forecasts appear to over-react to individual information as measured by
past revisions (Bordalo et al., 2020; Bianchi, Ilut, and Saijo, 2024; Bianchi, Ludvigson, and Ma,
2024; Halperin and Mazlish, 2025). This pattern rejects level- k thinking and cognitive discount-
ing, because these theories predict a commensurate under-reaction in average and individual
forecasts. But it is consistent with dispersed noisy information, because this theory predicts
more under-reaction in average forecasts. The same is true for sticky information and for our

preferred specification, Assumption 2.

18Coibion and Gorodnichenko (2012) further argue that the evidence favors noisy information a la Woodford (2003) and
Angeletos and Huo (2021) over sticky information a la Mankiw and Reis (2002): consistent with the former and in contrast
to the latter, the cross-sectional dispersion of forecasts does not systematically increase in response to aggregate shocks.
However, we see the two theories as close substitutes to each other, for the reasons discussed in Section 4.4.
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On the other hand, the following three observations justify a more “forgiving,” and more flexible, atti-

tude towards all the theories under consideration:

3. There is now ample evidence that real-world firms and consumers are unaware of valuable
public information, follow heuristics, and are sensitive to nudges, framing and narratives. The
“noise” in expectations therefore has to be interpreted flexibly—as the product of not only dis-
persed private information (Lucas, 1972) or rational inattention (Sims, 2003) but also as a rep-

resentation of bounded rationality.

4. Although some theories let attention be endogenous to policy, there is not enough evidence to
discipline this endogeneity. Treating the level of noise, or the 1’s and the G’s in Assumption 2,

as exogenous parameters is thus a useful benchmark (although by no means the “truth”).

5. Although both of the facts about forecast errors mentioned above are important, only the first
one is directly relevant for the class of linearized models used in this paper and much of the
macroeconomics literature: within this class, the economy’s IRFs to any aggregate shock is dis-
ciplined exclusively from the predictability of average forecasts (the focal point of Coibion and
Gorodnichenko (2012) and Angeletos, Huo, and Sastry (2021)), and not by the predictability of
individual forecasts (the focal point of Bordalo et al. (2020)).

These observations motivate the more nuanced answer we offer to the second question raised earlier.
Insofar as one abstracts from the macroeconomic effects of time-varying uncertainty or disagree-
ment, one may pick among the available theories, or devise new substitutes thereof, with the follow-
ing three main criteria in mind: (1) tractability; (2) a meaningful distinction between direct/PE and
indirect/GE effects; and (3) a good fit to the IRF of average forecast errors to aggregate shocks. Our

preferred specification, Assumption 2, meets all these criteria.

7.2 Calibrating the friction

We now turn to a different question: how to discipline the key parameters in Assumption 2. The basic
answer is this: by the covariation between actual outcomes and corresponding average forecasts (as
measured in surveys), conditional on the shock of interest.

To fix ideas, return to the setting of Section 4, suppose that the only uncertainty is a policy shock
realized at ¢ = 0, and focus on the agents’ expectations of r;. In this case, we have that Eplry) = AZ ™
for all h = 0. This means that {/IZ } can be identified from the “ratio” of two IRFs: the IRF of the average
subjective forecasts of r; to an identified monetary shock; and the IRF of the actual r; to the same

shock. A similar point applies to {/lfl}: this can be identified by the IRF of actual output and of the
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corresponding average forecasts to the same shock. In principle, one could therefore estimate a com-
pletely flexible time pattern for the two A’s. In practice, though, it seems more reasonable to impose
a parsimonious structure, as that in Assumption 2.

Note next that, at least in principle, one can estimate a separate set of A’s for each identified
shock—and one can thus shed light on whether there is more or less informational friction in response
to, say, monetary policy or TFP shocks. The key is to exploit the covariation between actual outcomes
and average forecasts, or average forecast errors, conditional on identified shocks. See Coibion and
Gorodnichenko (2012) and Angeletos, Huo, and Sastry (2021) for concrete applications of this ap-
proach. A different approach that relies on the unconditional moments of average forecast errors
(e.g., Coibion and Gorodnichenko, 2015; Bordalo et al., 2020) is harder to map to the theory, unless (i)
the informational friction happens to be of the same size and persistence for all the aggregate shocks
or (ii) the relevant data happen to be dominated by a single shock.

A third approach, rooted in the rational-inattention tradition (Sims, 2003; Mackowiak, Matejka,
and Wiederholt, 2023), seeks an appealing middle ground. It disciplines the cross-shock and cross-
variable variation in the information parameters (1’s) by positing that these parameters are selected as
the outcome of a meta-problem that trades off the costs and benefits of attention (see, e.g., Guerreiro,
2023). The guiding premise is that attention responds to incentives and is context dependent.

A small but expanding empirical literature corroborates such a middle ground. Chiang (2024) and
Flynn and Sastry (2024) present evidence consistent with attention varying over the business cycle for
professional forecasters and firms, respectively. Mitman et al. (2022) and Guerreiro (2023), drawing
on the Survey of Consumer Expectations, show that attention covaries systematically with household
characteristics—especially with exposure to shocks. Link et al. (2025) measure households’ attention
to macroeconomic shocks and document a systematic relation to exposure to aggregate conditions.
Weber et al. (2025) use randomized experiments across time and countries to show that households
are more attentive to inflation when it is high and less attentive when it is low. Finally, Coibion, Gorod-
nichenko, and Kumar (2018) and Afrouzi, Flynn, and Yang (2024) demonstrate that heterogeneity in
firms’ incentives helps account for heterogeneity in their attention to inflation. These findings sug-
gest, not only that attention is heterogeneous, but also that it is endogenous to the economic environ-
ment, in particular to macroeconomic policy. While our methods can be extended to accommodate

such endogeneity, the latter’s quantitative importance remains an important open question.

8 Conclusion

In this paper, we reviewed and synthesized a class of appealing alternatives to FIRE, including noisy or

sticky information, rational inattention, sparsity, level-k thinking and cognitive discounting. We dis-

41



tilled the common essence of these theories and developed a new specification (Assumption 2), which
tractably and flexibly accommodates this essence in a large class of linear(ized) macroeconomic mod-
els, ranging from the textbook RANK to realistic HANK. We emphasized the interaction of the friction
in information or rationality with other forces that regulate the GE feedback, or the strategic com-
plementarity, such as the magnitude of the MPC and the slope of the Keynesian cross. We reviewed a
variety of applied lessons for business cycles, monetary policy and fiscal policy. And we briefly discuss
how to discipline the theory with survey evidence on expectations.

Throughout, we focused on how frictions in information or rationality impact the propagation of
traditional demand and supply shocks, such as shocks to monetary and fiscal policy or shocks to firm
costs, leaving outside the topic of how such frictions can also give rise to noise- or sentiment-driven
fluctuations (Angeletos and La’O, 2010, 2013; Benhabib, Wang, and Wen, 2015; Bui, Huo, Levchenko,
and Pandalai-Nayar, 2015; Huo and Takayama, 2015; Ilut and Saijo, 2021; Lorenzoni, 2009; Flynn and
Sastry, 2025). Combining the two mechanisms, one can reach a certain sweet spot: the economy can
simultaneously feature subdued responses to fundamentals such as shocks to TFP and monetary or
fiscal policy, and excess volatility due to forces akin to animal spirits. Furthermore, as emphasized
in Angeletos, Collard, and Dellas (2018, 2020), such sentiment-driven fluctuations can generative
positive co-movement in hours, consumption and investment without either TFP shocks or nominal
rigidity—put differently, they can help rationalize demand-driven business cycles along the flexible-
price core of the New Keynesian framework. This in turn can not only improve this framework’s overall
empirical performance but also explain why the actual business cycles may be best described as the
product of shocks to “aggregate demand” even if monetary policy is optimally set. Further exploring
the joint quantitative relevance of the two key mechanisms described here—fundamental inertia and
non-fundamental volatility—remains a fruitful direction for future research.

We conclude with an obvious warning: notwithstanding the advantages of our preferred speci-
fication (Assumption 2), this is not a panacea. First, the precise translation between Assumption 2
and its various cousins (noisy information, level-k thinking, etc) is not invariant to policy parameters.
Second, this assumption abstracts from the likely endogeneity of the informational friction, which
instead is a central theme of the literature on Rational Inattention (Sims, 2003; Mackowiak, Matejka,
and Wiederholt, 2023). Third, this assumption rules out confusion—rational or otherwise—of differ-
ent aggregate shocks (Chahrour and Gaballo, 2018; Liu and Zhang, 2024). Fourth, this assumption
also rules out “diagnostic expectations” and related forms of over-extrapolation (Bordalo et al., 2019,
2020; Angeletos, Huo, and Sastry, 2021; Bianchi, Ilut, and Saijo, 2024). Finally, our analysis abstracts
from the role of policy communication (e.g., Amador and Weill, 2010; Chahrour, 2014; Bassetto, 2019;
Angeletos and Sastry, 2021) and the related evidence on information treatments (e.g., Coibion, Gorod-
nichenko, and Ropele, 2020; Coibion, Gorodnichenko, and Weber, 2022; Coibion and Gorodnichenko,
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2026). While these limitations may take center stage in some contexts, it seemed reasonable to ab-
stract from them for the questions in this paper. Furthermore, while the available survey evidence
helps calibrate the relevant information parameters along the lines discussed in the previous section,
it offers relatively little guidance on counterfactuals (i.e., on how these parameters may or may not
change with changes in the monetary policy rule or the structure of the economy). Finally, one can
readily combine Assumption 2 with misspecified beliefs about the structure of the economy or the
underlying shock process; for instance, over-extrapolation can be accommodated by letting the per-
ceived persistence p differ from the actual persistence p, and then discipline the difference from the
relevant fact in Angeletos, Huo, and Sastry (2021). All in all, we therefore believe that our paper’s lens
and tools provide researchers with an efficient technology for augmenting macroeconomic models
with realistic adjustment frictions in expectations, for understanding their PE and GE effects, and for
quantifying their bite on actual outcomes. But there is ample room for further research in under-

standing how the additional forces just mentioned interact with those at the heart of this paper.
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Online Appendices for

From RANK to HANK, without FIRE

George-Marios Angeletos Joao Guerreiro Dalton Rongxuan Zhang

A Aggregate demand and supply without FIRE

In this appendix, we show how to derive the building blocks of our baseline model—equations (1)
and (2), our versions of the IKC and the Phillips curve, or of “aggregate demand” and “aggregate sup-
ply”, respectively. Throughout, we will use uppercase variables to indicate levels; unless indicated

otherwise, lowercase variables denote log-deviations from the economy’s deterministic steady state.

Equation (1): aggregate demand without FIRE

We start with our model’s household block, which is basically the same OLG setting as that studied in
Section VII o Angeletos and Huo (2021).! The economy is populated by a unit continuum of house-
holds. A household survives from one period to the next with probability w € (0, 1] and is replaced by
anew one whenever it dies. Households have standard separable preferences regarding consumption
and labor, and do not consider the utility of future households that replace them. The expected utility

of any (alive) household i in period ¢ € {0, 1,...} is hence

(&)

Z (ﬁw)k [u(Ci rri) —v(Lirei)] |
k=0

where C; ;1 and L; ;. denote household i’s consumption and labor supply in period ¢ + k (condi-
L1+%
1+1

Households can save and b((T)rrow through an actuarially fair, risk-free, real annuity, backed by gov-

_1
tional on survival), u(C) = Cll_”l'l, v(L)=1t

ernment bonds. Conditional on survival, households receive a real return R;/w. Households further-
more receive labor income and dividend income W;L; ; and Q; (both in real terms). We furthermore
assume that all households receive identical shares of dividends, and abstract from heterogeneity in
labor supply, with labor supply intermediated by labor unions that demand identical hours worked

from all households L; ; = L;. Therefore, Y; = W;L; + Q; is the household’s total real income. This

YAngeletos and Huo (2021, Section VII) accommodate multiple types of households, with different life expectancies
(different w’s) and therefore different MPCs. Here, we assume a single type of households, all with the same w below. See
also Angeletos and Lian (2018) for the special case of w =1 (i.e., infinite horizons, albeit with incomplete information).
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setup implies that the steady state of our model is the same as its RANK counterpart. In particular, the
steady-state rate of interest (in the steady state around which we log-linearize) is 1.

R,

A (A;,+Yie=Ciy),

it+1 =
~—~—
annuity

where A; ; denotes household i's real wealth at the beginning of date ¢ (exclusive of social fund pay-

ments). Log-linearizing the household budget yields, for k = 0,
A r+k+1 = ﬁ_w (di,mc + Vit+k — Ci,t+k) )

Household i’s optimal consumption in period ¢ + k for k = 0 satisfies the following Euler equation:

Ry
u (Ci,t) = Ei,t ﬁa); u' (Ci,t+1) .
This is the same as the textbook counterpart, except that E; ; need not coincide with FIRE. After log-
linearization, this becomes

Ciy=—0r+E; [Ci,t+1] .
Log-linearizing i’s intertemporal budget constraint, substituting the above, and solving for ¢; ;, we
arrive at the following expression for i’s optimal consumption function (log-linearized around the
steady state):

Ci,t = (1 - ,50)) (ai,t +Es Ii (ﬁw)k (J/i,t+k)
=0

) - Bowk,;

Z (ﬁw)krﬁkl
k=0

Finally, by adding shocks to intertemporal preferences (or life expectancy), we can readily generalize

the above to

> (Bw) revk
k=0

Vit (26)

i (Bw)* (vi,+1) ] ) — Bowk,

k=0

Cit= (1 - ﬁ(,l)) (ai,t + [El’

where v; ; is an exogenous shock.

Equation (26) is a natural extension of the Permanent Income Hypothesis (PIH) and of the con-
sumption function assumed in RANK. In this benchmark, equation (26) together with market clear-
ing is equivalent to the familiar Euler equation. Here, we have unpacked the individual consumption
function that lies behind the aggregate Euler equation, and have extended it with arbitrary subjective

expectations. To see the connection between equation (26) and the familiar Euler equation, note that
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RANK is nested by letting w = 1, abstracting from idiosyncratic shocks, and imposing E; ; = Ey, where

E; stands for the FIRE operator. Equation (26) then becomes

Cr = (1 _ﬁ) (at+ [E: [ %O:()ﬁkyt+k

) - 0 BE; [£32 B k] + 01

Next, combine this equation with market clearing (y; = ¢; and a; = 0) and separate the period- ¢ terms

on the right-hand side from all future terms to arrive at

ci=(1—Pe,—oPri+E; |(1- BT Brersr

— o BE; [Zi‘;lﬁkmk +uv;

[E; [Cr+1—Vet1]

Finally, rearrange to get

* ~
ce=—0re+E; [cr] + Uy,

where 7; = v, — E}[v;41]. This explains, not only how the consumption function (26) relates to the
familiar Euler equation in RANK, but also how that this equation has a subtler meaning than the one
found in textbook treatments: the aggregate Euler equation is, in effect, a recursive representation of
the Intertemporal Keynesian Cross (IKC) under FIRE. Let us now construct the IKC away from FIRE.
Temporally, we allow for the possibility that interest rates and incomes may differ across individuals.

Aggregating (26) across i, we obtain the following expression for aggregate consumption:

¢t =(1-pw)a:+(1-po) Z(ﬂw)k fEi,t[y,-,Hk]di —U,Ba)Z(,Bw)k fEi,t[ri,Hk]di +v;  (27)
k=0 N _ k=0 N _

-

avg. sentiment about y avg. sentiment about r

where x; = [ x; ,di for any x € {c,a, y, 1, v}. In this equation, [ E;;[y; +xldi and [ E;[r; ;x| di cap-
ture the role of “consumer sentiment” in shaping aggregate spending in the economy. The following
subtlety is then important to note. The sentiment variables seen in equation (27) are the average ex-
pectations of individual income and real rates. These are distinct from the following variants, which

measure the average expectations of the corresponding aggregate variables:

Etyt+kEfEi,t[yt+k]di and Etrt+kEfEi,t[rt+k]di- (28)

In equation (27), we ask each consumer how she feels about her own economic outlook; in the variants
defined above, we instead ask each consumer how she feels about the aggregate outlook.

Although conceptually distinct, these two kinds of consumer sentiment are positively correlated
in practice. In line with much of the related literature, we thus abstract from any difference between

these measures: welet [ E; [y r+k] di = E¢yirxand [ E; ¢ [ri s+ di = E;714 k. Using this restriction in
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(27) and imposing market clearing (¢; = y; and a; = 0), we arrive equation (1), which is the applicable

version of the DIS equation or the IKC away from FIRE.

Equation (2): aggregate supply without FIRE

Let us now turn attention to the supply side of our baseline model, which mirrors that in Section VI of

Angeletos and Huo (2021). As usual, inflation is given by
m=1-0)(p = pi-1), (29)

where p} = [ P;,td Jj is the average reset price and 0 is the Calvo parameter. For any firm j that gets to
adjust its price in period ¢, the optimal rest price equals a markup over the expected nominal marginal

cost during the lifespan of the new price. Expressed in log-deviations, the optimal reset price is

+00
;.= (1-BO)Ej. > (BOF (mcj ek + Prak) (30)

k=0
where E;; is the firm’s subjective expectation, mc;j  is firm’s real marginal cost, p; is the aggregate
price level, and @ is the probability that a firm can not adjust its price in any given period. Subtracting
p:—1 from both sides of (30), using the simplifying assumption p;_; is known at ¢, aggregating across

J, and combining with (29), we reach the following version of the NKPC:

o0

= 7?{ OZO: (ﬁQ)kai,r [meci k] dj} + 18 (ﬁg)kﬁt”tﬂc (31)

k=0 k=1

where kK = —(1_9)él_ﬁ9)

is the slope of the New Keynesian Phillips curve (NKPC) with respect to marginal
costs and where [ E; ;[mc; +] dj captures “producer sentiment” about marginal costs. Similarly to
the consumer counterpart, this is the average expectation about individual costs, which in principle
could differ from the average expectations sentiment about aggregate costs. But we again assume
that the two forms of sentiment coincide, so that we can replace [ E; ; [mc,-,t+ k] d j with E;[mc;4x], the
average expectation of the aggregate real marginal cost. Finally, we express the aggregate real marginal
cost as mc; = (y; + ii;, where { > 0 is the elasticity of the real marginal cost with respect to output and
ii; is an exogenous TFP or cost-push shock. Marginal cost depends on aggregate output because, in
the standard New Keynesian model, it is tied to the real wage, which in turn varies with output through

households’ labor supply decisions. Combining and defining x = ¥{ and u; = z"zo(ﬁ{?)kft[uﬁk], we

arrive at equation (2), the version of the NKPC stated in the main text.
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B Proofs for Sections 3-5

In this Appendix we collect the proofs of all the formal results stated in Sections 3-5. The proofs for

Section 6 are contained in Appendix C below.

Proof of Proposition 1

The proof follows from the main text.

Proof of Proposition 2

This follows from Proposition 3 and Section VII in Angeletos and Huo (2021).

Proof of Proposition 3

In this proof, we solve for the impulse response function to an unanticipated monetary policy inno-
vation. See Section 6 for further discussion of the general stochastic economy. The proof proceeds
in two steps. First, we show that the impulse response function can be expressed as a modified in-

tertemporal Keynesian cross (IKC). Then, we use this equivalence to derive the impulse responses.

First Part We begin by noting that the optimal consumption rule of both informed and uninformed

households satisfies

S (b0)* yea

k=0

)

type _ type type
¢ip = (1-pw) (am +E,

type
) —0pwE;;

Z (Pw) krt+k
k=0

where type € {I, U} denotes informed and uninformed households. Aggregating across types and us-

ing market clearing, aggregate consumption satisfies

Z (,B(U)erk

k=0

cr=APct+(1-AP)cl = (1-Bw)E, —0PwE;

3 (60)* yiek
k=0

We proceed by a guess-and-verify approach. Guess that each household follows
Ci,t = Q1qj,r + Q2 Elt-?’tpe[mr],

with (a1, @,) to be determined in equilibrium. With bonds in zero net supply, ¢; = a2 E;[m;] and
E?;pe[ct] =ay Elt.ytpeft[m ¢]. Since each household believes that any other agent learns the realization
of m; with probability 18, Elt.ytpeft [my] = A8E; ;[m;]. At the same time, the actual fraction of informed

households that observe m; is AP, so E;[m;] = AP m;. This implies that expected future income and
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interest rates satisfy E;[c;41] = A8azE [m;ix) = A8ci and E;[myyi] = APm, k. Substituting these

expressions into the aggregate consumption function gives

Z (,Bw)k/lp Miyk
k=0

i (,Bw)k A8 crpk

k=0

¢t =(1-po) +0fw

M

The economy is therefore equivalently characterized by a modified IKC, featuring dampened expected

paths for income and interest rates.

Second Part Now to solve for the impulse responses, we substitute the conjecture into the modified
IKC. Using the law of motion for the monetary policy shock, r;,x = —m . = —p¥m;, the aggregate

consumption condition becomes

> (Bwp) AP m;
k=0

axAPm; = (1- o) +0fw

" (Bwp)* @A A8 m;
k=0

-1
1bw ¢ ) obo_ Finally, matching coefficients in the individual policy rule

" 1-Bwp 1-Bwp
confirms a; = 1 — fw. Therefore, the aggregate consumption response satisfies

Solving gives a, = (1

1-pow 1 opw
=|1- A8 AP my.
“ ( 1-fwp ) 1—pop” "

Proof of Corollary 1

From the proof of Proposition 3, aggregate demand under Assumption 1 satisfies

¢t =(1-pw)

+ 0 fw

i (ﬂw)k A8ciik
k=0

Z (,Bw)k/lpmmk] .
k=0

With market clearing y; = ¢;, rearranging the above equation in a recursive form gives

B oBwAP _— Bw B
By Proposition 3 and using E;m;+, = pm;, we obtain
1-pw 1 oBw
E =(1= A8 —— AP .
tYe+1 ( 1- Bwp ) 1 pup pmy

Substituting this expression into the previous equation and using r; = —m; yields

Ye=—0ri+arkyi,
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ere Bw (/1’j + p) - (1 - (1 - ﬁa)) /lg)
— P 18 =
af—A(/l JA8) = I .

Setting (A”,A8) = (1,1) gives af = A(1,1) = 1 and hence y; = —or; + E; y;+1. Finally, note that

Gaf_l—ﬁwp—(l—ﬁw)/lg> day 1-Pw ~0

AP Bwp (AP)? " 0A8 PwAPp
And

azaf 3 A8 -1 62af _ 1

< 0.

= <0, =—
0AP 0w  Bp(AP)2w? 08 0w Bp AP w?
Hence the slope of A in either AP or A8 is larger when w is smaller. That is, the same information

friction has a stronger effect when households have higher marginal propensities to consume.

Proof of Proposition 4

Here we spell out the details of each of the set of popular theories discussed in Section 4.3 and we
show how they can all be mapped to a pair of coefficients (17, A8), as in our preferred specification.

That is, in all cases, the aggregate consumption response is given by

1-fw /lg)_l oPw 1P

=|1-
c ( 1-Pwp 1-PBwp

What changes across the different theories is merely the specific value of the pair (17, 18). Through-

out, we employ the method of undetermined coefficients to solve for the equilibrium response.

(1) Noisy information without learning. Each household observes a private signal m; = mg + u;,

where u; ~ A (0, 0%), and forms a posterior belief

Aggregating across households, the average belief about the monetary policy innovation is

-2

E(lmgl = mo = Amy.

¢
O¢ 24 0;2
We proceed by a guess-and-verify approach, conjecturing that aggregate consumption takes the form

¢; = aE;[m;] with a to be determined in equilibrium. Substituting this conjecture into the aggregate
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consumption function,

aEmi=(1-Pw)E;| Y. (,Bwp)kaft[mt] +0PwE;

k=0

o k
Z (Bwp) m;
k=0

To solve for a, we need to determine E;E;[m;.]. With dispersed information (and hence a lack of
common knowledge), the average belief about others’ average expectation becomes E/E;ip Myl =
AE; i lmei] = /lpkE[mt]. Since there is no learning over time, Epirlme gl = pkﬁt[mt]. Substituting

these relations simplifies the system to

_ 1— _ _
acE[m;] = ﬂEtaAmt + ﬂEtmt.
1-Bwp 1-Bwp
Solving for a gives
o= (1_ 1-Bw /1)_1 oPfw
B 1-Bwp 1-Bwp’
and hence
— 1-pw -1 opw
Ct:afEt[mt] = (]_— l_ﬁﬁwpﬂz) 1_f3wpﬂlmt.
0,2

This corresponds to equation (P4) with A? =18 =1 = Therefore, noisy signals symmetrically

o 2+a7%"
attenuate both partial equilibrium and general equilibrium effects.

(2) Overconfidence. Asbefore, household i observes a private signal m; = mo+u;, with u; ~ A (0, Ui).

The true signal precision is o,2. However, under overconfidence, each household believes its own sig-

-2

52 > 0,2, Bayesian updating then gives the perceived posterior

nal is more precise, assigning o

-2
, o
E; ([mol = AP m;, with AP = %
OOWH +U€

Aggregating across agents gives the average first-order expectations as
Et[mo] = /lpl’}’l().

To solve for equilibrium, we again need to determine the average second-order expectations E; E;[1my].

-2

Since, for any j # i, each household i believes that j receives a signal with precision o g ., individual

second-order expectations satisfy

0.—2

Ei[Ejlmol] = Ei; [Amg],  with  A8=——-00s _ )p,

-2 -2
Uothers t0e

Furthermore, since i is uninformed about the idiosyncratic noise u; in j’s information, E; ;[m;] =
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E; ;[my]. Combining and aggregating across i, we conclude that average second-order expectations

satisfy

EE[mg] = ASE[mg].

Compared to the textbook case studied above (with noisy information but no overconfidence), the
main change here is therefore to disentangle the responsiveness of second-order beliefs from that of
first-order beliefs. Finally, applying the same method of undetermined coefficients as in the previous
case yields

Apmt.

:(1_ 1-pw /lg)_l oPw
1-PBwp 1-Bwp
Hence, Proposition 3 holds with the pair (A”,A8) defined above and overconfidence amplifies the

partial equilibrium effect relative to the general equilibrium effect, with A¥ > 18.

(3) Level-k thinking. Let cf denote the consumption of a level-k thinker in period ¢. First, for k =0,
level-0 agents are entirely unresponsive and continue to consume at the steady-state level ¢? = 0 for
all r. Next, for k = 1, we assume that level-k agents best respond to the belief that all other agents are
level-(k —1) thinkers. More precisely, they choose consumption under the correct belief that real rates

will be 7, = —m;,r = —p*m; and the incorrect belief that their income will be yt = ct ~1. Formally

cf = (- po)| ¥ (o)t | + opo| ¥ (Bw)" m.].

h=0 h=0

For example, for k = 1 thinker, the perceived income path is flat (¢! = 0). Substituting the flat income

path into the level-1 thinker consumption function gives

1 _ Opw
1-Bwp

mg.

My, p. Substitut-

Similarly, for k = 2 thinker, their perceived income at time ¢+ h is y? = ct h =T g op

ing this into the level-1 thinker consumption function gives

2 1-Bw \ oPfw
Ct_(1+1—ﬁa)p)1—ﬁwpmt
By induction,
K 1-fw )s oPw _1-po oPw
“ ( (l—ﬂwp 1-Bwp ( 1-Bwp ®) 1—pop "
where
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0, k=0,

/’l,g:Ak: _Bw \k-
) k>0.

Thus AP =1, 18§ = A(k) 1 1 as k — oco. Hence, as the depth of reasoning increases, agents internal-
ize a larger portion of the general equilibrium feedback, and the equilibrium converges to the FIRE

benchmark as the depth of reasoning approaches infinity.

(4) Representative inattentive agent. There is a representative household who perfectly understands
the structure of the economy but holds distorted beliefs about the policy shock. Specifically, let E; de-

note the FIRE operator and E; the household’s subjective expectation. The household believes
Eim;] = pErme,  pe(0,1).

With a representative household, the law of iterated expectations implies that average beliefs equal
individual beliefs under the same (subjective) expectation. Hence, under the linear conjecture c; =
aE;[my¢], E¢scryr = aE¢Ey My k] = ¢+ That is, households hold correct expectations about future
income, thanks to common knowledge. Substituting the conjecture into the aggregate consumption

condition,

cr=01-Pw) Y (o) crp+opw Y (Pw)pm i,
k=0 k=0

and solving by the same undetermined coefficients procedure as before yields

B 1-pw -1 ofw
Ct_(l_l—ﬁwp) 1-Bwp

Hmiyg,

Therefore, the general equilibrium effect remains identical to that under FIRE, while the partial-
equilibrium effect is distorted. The mapping to our two-parameter representation is A” = u, A8 = 1.
In conclusion, a representative inattentive agent dampens the partial equilibrium response while pre-

serving the full general equilibrium effect.

(5) Sparsity. Itis natural to suppose that households must “try hard” to acquire or process informa-
tion about income and interest rates in order to form forecasts. Sparsity provides such a formulation.
Following Gabaix (2014, 2016) and Guerreiro (2023), we assume that households must learn about
distinct objects separately and choose attention to minimize a loss that combines (i) second-order

utility losses from inattention relative to full information rational expectations benchmark, Cy,, 1 (),
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and (ii) a cognitive cost Gy, ) (). Accordingly, attention to output and to interest rates is chosen via

ps = argmin ¢y 1,Cy (1) + Gy (1) pP = argmin ¢ (o 1, Cr (1) + Gr (1)

Once (u8, ") are optimally pinned down, equilibrium forecasts take the same form as before:

Etyeen :/ngt+h’ Eiresn :,Up”t+h-

Substituting the optimally chosen u8” into the aggregate consumption condition yields

ci=(1-0) | 3 (po) uyies| o kiww)kum].
=0 =0

That is, aggregate consumption is analogous to that in a FIRE economy, but with dampening factors
u& and u” applied to future output and interest rates, respectively. Using standard techniques of

matching coefficients under the FIRE equilibrium then yields

1-pw -1 ofw
l—ﬁwpug) 1-Bwp

Hence, this maps to equation (P4) with A = uP, 18 = u8. In other words, Endogenous attention

cr = (1— uPmy.

attenuates the partial equilibrium and general equilibrium effect according to the optimal allocation

of cognitive effort.

(6) Cognitive discounting. Another well-known deviation from rationality is cognitive discounting
(Gabaix (2020)), under which households discount future variables toward their steady-state values.
More concretely, they discount the law of motion of state variables, thereby underestimating their

persistence. In our framework, this means households perceive

0 = up, pne©,1),

so they believe policy shocks are less persistent than they truly are. Therefore, their prediction about
future income is E;m j = (up)k m;, where E; denotes the household’s subjective expectation. Now
applying the same guess-and-verify approach with ¢; = a¢E;m;. Note that E;y;r = « (up)k m; =

1*y,+k, so the aggregate consumption function becomes,

Z (,Bwlvl)erk

k=0

S (Bon)* yeok

k=0

¢t =(1-po) —ofw

Solving by the same undetermined coefficients method as before yields
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1-Bw -1 oPw 1-Bw -1 ofw
ce=| 1—/30)10#) 1-popn’ ( 1- fwp w) = pup
This is equivalent to (P4) with AP = A8 = A(u) = f_‘;ﬂ‘j’ppu € (0,1]. In other words, cognitive discounting

symmetrically attenuates both partial equilibrium and general equilibrium feedback.

(7) Confusion between idiosyncratic and aggregate shocks. In this economy, households now face

both aggregate and idiosyncratic shocks:
_ r _ y
T’i,t—"t"‘fl’,p J/i,t—J/t"‘fl-,t,

where the idiosyncratic components follow independent AR(1) processes with persistences (pr, py).
Households observe their idiosyncratic shocks perfectly, but they confuse aggregate shocks as if they

were idiosyncratic. In other words, they believe that future income and interest rates follow

k k
Yitek = PyYi,0r Tit+k = Py Ti,t

rather than the true aggregate processes. Given these beliefs, each household’s consumption evolves

according to

cie=1-pw) Y (Bwpy)yii+opo Y (Bwp,)m,.

k=0 k=0

Aggregating across households gives

¢ =(1-pPw) Z (ﬁwpy)kyt + 0w Z (,Bwpr)kmt.
k=0 k=0

Applying the standard matching of undetermined coefficients as in the FIRE benchmark yields

1-fw ofw _ 1-pow opw

_1 _
=11- — A _ofo_ |
Ct ( l—ﬁa)py) l—ﬁwprmt ( l_ﬁ(,()p g(Py)) l—ﬁa)p p(pr)mp
where
1= pop 1-pwp
A ( ’ ):—y A ( ’ ):—.
plO:Pr 1- Bwp, g\PPy - pap,

Note thatif p, > p or p, > p, the partial equilibrium or general equilibrium responses exceed those un-
der FIRE. In other words, confusing idiosyncratic and aggregate shocks can amplify macroeconomic
propagation, akin to over-extrapolation Angeletos, Huo, and Sastry (2021), whenever persistence of
idiosyncratic shocks is larger than that of the aggregate shocks. The same is possible if we replace

cognitive discounting with over-extrapolation or diagnostic expectations.
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Proof of Corollary 2

The result follows directly from Proposition 4. In the representative inattentive agent case, A” < 1
and A& =1, attenuating only the partial equilibrium channel. Under level-k reasoning, A” = 1 and
A& < 1, dampening the general equilibrium feedback while preserving the partial equilibrium effect.

All remaining theories correspond to (A7, A8) € (0,1]* and therefore imply af < 1.

Proof of Proposition 5

The proof uses a simple guess-and-verify process, similar to that used in Proposition 3. Suppose that
the equilibrium satisfies y; = a,E,m;, for some deterministic {a172,- We can then compute the fore-

casts of future income as follows:

E; [J’t+h] =Ei|anErinMesn| = QrnEErynMyp = “t+h/v;/1§+hmt+h» (33)

where the last step uses Assumption 2. Note that this step amounts to replacing the second-order
forecast operator E,E,. j, with the product )Lf Af ., Intuitively, the average forecast at ¢ of the average
forecast at ¢ + h translates to the fraction of informed agents at ¢ (i.e., /l': ) times what these agents
believe that the fraction of informed agents will be at ¢ + & (i.e., A‘f )+ Next, note that the (first-order)

forecasts of the underlying shock satisfy

Eilmyp) = A myp. (34)
We can thus rewrite (33) as follows:
= Et TS AY = "
Et[yien) = at+hﬂ?/1§+h% = §+h/1p—tat+hEt+hmt+h = /1§+h/1p—t%+h, (35)

t+h t+h t+h

where the last steps uses our guess that y;., = a WE renMish. Replacing (35) and (34) into the origi-
nal, FIRE version of the IKC (1), we then arrive at the modified IKC (15). The argument is completed

by noting that solving (15) is equivalent to verifying our initial guess.

Proof of Spending Multiplier (17)

Leveraging Proposition 4, we know that various deviations from FIRE can be summarized as

Eyisk=AYViitr  EtVisk = APyiir.
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Substituting these expectations into equation (16), together with y; = c; + g, and the balanced budget

t; = g yields

Vi—8t=C = (1 —,Bw(l _U(/’)) i (ﬁw)kl‘gJ’Hk— (1 _,5‘“) i (:Bw)kflpgmk-

k=0 k=0

We proceed by a guess-and-verify approach, conjecturing that the spending multiplier is constant

and satisfies % = for all . Then,

o k o k
y=1+(1-po(1-0¢)) ). (fw) Aypg - (1-pw) Y- (Bw) A7 pg

k=0 k=0

This simplifies to
1-pw(l-0o 1-
v=1+ p ( ¢)/1g _(ﬁ)ap
1-pwpg 1-pPwpg
Defining oz = l;ﬁ‘;g and ¢ = 1_@2’) oe o¢, the expression further simplifies to the desired representa-
tion
’{/j = i

Proof of Transfer Multiplier (18)
Under the stated assumptions y; = 0 for £ = 1. At time 0,

¥o=(1-Pw) (A8y+eo) - (1 - fw) pwAP 1,
and since t; = f~ ¢, then

(1-pw)eo— (1 - pw) PwA? B e _ (1-pw)
1-(1-pw)As8 1-(1-pw)

Yo = 18 [I—M’w]eo

Therefore,
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C Appendix to Section 6

This Appendix complements our analysis of HANK models in Section 6. We start by illustrating the
derivation of the log-linearized aggregate consumption function of a canonical, incomplete-markets,
model. We next derive our generalized IKC and prove Propositions 6 and 7. We finally show how to

accommodate a general feedback rule for monetary policy.

The aggregate consumption function

Consider a standard incomplete-markets consumption block, which will constitute the household
sector of the canonical HANK model, as in Auclert, Rognlie, and Straub (2024). The economy is pop-
ulated by a continuum of infinitely lived households indexed by i € [0, 1]. At each date ¢, household
i chooses consumption c; ; and forms a plan over future consumption to maximize expected lifetime
utility:

Ei:

> ﬂhu(Ci,Hh)] , (36)
h=0

where f denotes the subjective discount factor, u (c) is the utility function which satisfies the standard
properties, and E; ;[-] denotes household i’s expectations at time ¢.

Idiosyncratic labor productivity follows a finite-state Markov process {z; ;} with transition matrix
I1, and let 7 (z) denote the stationary distribution over productivity states. The productivity process
is normalized so that }_, 7 (z) z = 1. At time ¢, household i enters the period with financial assets a; ;
and earns labor income z; ;Y;, where Y; denotes aggregate output (or equivalently, aggregate labor
income).

The household’s period budget constraint is given by

ait+h

—— =Zit+hYe+h + Qitrh-1
1+ It ! !

Ci,t+h +

subject to a borrowing constraint a; ;.5 = a, where r; denotes the real interest rate and a the exoge-
nous borrowing limit. For simplicity, we assume a simple ad-hoc borrowing limit, but we could allow
for more general, endogenous, borrowing constraints.

Throughout the analysis, we assume that households observe the current values of z; ; and x; =
(Y;, 1), ensuring they can always satisfy their borrowing constraints (Carroll et al., 2020). We further

assume that z; ;, the household’s idiosyncratic state, and

bii = (x1,{Ei [xt+h]}(;,il) = ({Eis [xt+h]}20:0),
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the realized history of the aggregate outcomes and her forecasts about their future path, are sufficient
statistics for her entire subjective beliefs about the future. This means, in particular, that there is
no independent variation in higher moments of subjective beliefs beyond that spanned by b; ;. The
solution to the household’s problem can then be expressed in terms of the following policy functions

for consumption and saving:
Cit= C(ai,t—l; bz’,t;Zi,t), and a; ; = a(ai,t—l; bi,t;zi,t)-

Recursive substitution of past assets reveals that consumption at date ¢ depends on the history of

idiosyncratic shocks and belief sequences:
* t, ,t

where b! = {bi,s}zz_oo zi = {2is}

s—_oo- The dependence on the initial asset a; -, vanishes under stan-

dard ergodicity assumptions. To focus on the first-order aggregate dynamics of the economy, we
linearize individual consumption decisions with respect to bl? (but not with respect to zl?) around a
steady state characterized by x; = E; ; [x;+] = x*° for all £ and h. The first-order approximation takes

the form:

Cir=0a ( ) Z ZYS;,( )El t+s [Yers+nl + Z Zysh( )El t+s [Tees+nl- (37)

$§=—00 h=0 —00 hh=0

Notice that the consumption function is not linearized with respect the history of idiosyncratic shocks,
thus preserving the effect of cross-sectional heterogeneity.

Aggregate consumption is given by integrating over the continuum of agents:

1
Cr = f a(z;)di+ Z 5 ysh( 1) Eijres Yessenldi+ Z 5 | Yon (@) Eirsreesenl di (38)

§=—00 h=0 §=—00 h=0

In general, this aggregate consumption function diverges from that in (21), due to its dependence on

the higher-order moments of the belief distribution. Specifically, for aggregate income we have:

[ 70 D) B sl i =7 s Wi+ Cov (12, (&), Bsns Wivssn),

where ?Zh fo Vs, h( )dz and E;is[Yiesen) = fol E; t+s[Yris+nl- A similar property applies for real
interest rates. The covariance term captures the dimension of belief heterogeneity that is relevant for
aggregate dynamics—namely, the extent to which cross-sectional variation in beliefs aligns with the

marginal propensities that govern individual behavioral responses.
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To simplify the analysis, we assume that beliefs are orthogonal to idiosyncratic shocks, so that all

covariance terms are zero. It follows that in this case:

0 oo 0 oo
Ci=a+ ), 7?;1 ‘Eres Yeasenl + > > Ysn ‘Eres[Trasenl, (39)
§=-00 h=0 §=—00 h=0
where a = fol a (zf) di. Clearly, this not only fits assumption (21), but also reveals how heterogeneity
influences the aggregate dynamics by regulating the “loads” ?zh and 7; ,, with which the consensus
forecasts enter aggregate consumption.

The derivation above proceeds under the assumption that individual consumption functions are
differentiable with respect to aggregate variables, thereby allowing for the linearization in equation
(37). However, this condition is stronger than necessary. For the purpose of characterizing aggregate
consumption dynamics, it suffices that the aggregate consumption function is differentiable with re-

spect to the sequence of aggregates.

Proof of Proposition 6

First, note that, we can express expectations as a cumulative sum of forecast revisions:

t
E¢[xeen) = Eo[Xenl + Y FRy [xgp], fort=0,1,2,...

=1

So, aggregate demand can be written as

_ r+s 0 0
Ctzcg({{Eo [Xt+s+nl + ZFRT [xt+s+h]} } ),
h=0

=1 s=—t

o0 t
Ci=% ({Eo e} (PR, [x]}m}to) =% ({ {EO [xs] + iﬁ, [x;] } } )

s=k) k=0
where we have suppressed the notation for realizations and expectations prior to date 0 since these
are held constant at steady state.
Note that

oo 0 ({Eo [xs]}zo,{{ﬁr [xs]}c:;};o) :minz{t,s} 0€ ({{Ek_[xs }Zk}:c: ) _ M,

0Eq (Y] 0Eq (Y] =0 OE) Y]
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and

I R e e [T

— = — = — =M,
OEq [rs] OEq [rs] kzo 0Ey [1s] b

where the derivatives are evaluated around steady state.

Furthermore, for s > 7,

N — o] N o) t
6Ct ) 0%€ ({EO [XS]}SZO’{{FRT [xS]}S:T}TZO) 0 ( t ) ift<t
OFR, [Ys] OFR; [Y,] - s B )
T s T s me t,s afk[ys] k=0 lftz T
and
N — t
o 6%({50 e} PR} ) 0) 0 o fi<a
OFR; 1] OF Ry I1] y it e[l ;;k[]}] i ifr=1.

Now note that

[0 A [

z " E

OFR. Y, = OEL Y] E;,, 1Yl
— e} -7
minit—t,s-7) 0€ ({{Ek [x§]}§=l%}1%:0)
= — = Mp—1,5-1
=0 OE} [Ys—]

and similarly

Cac, s acg({{E,; [xd}:iic};:o) min{rr.s1] acg({{E,; [xg]}:iic};:o)

Z — =

OFR: 1)) i OEj [1s] (=0 0E k47 [15]
-7
mintir,s-r} 0 ({{Ek [xS]} k}k 0)
- kz:‘b aEk [rs—7] e

Now, note that the response of the vector of aggregate demand C = [C;] to a change in time zero
expectations is given by
dC=M-Eo[dY]+M-Eqldr].
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The change in aggregate demand to forecast revisions at time 1 is given by

0 05« — 0;x —
dC = | FR, [dY] + | FR, [dr]
Oooxl M Oooxl
and generally to forecast revisions at time h
Onxn  Opx — O0nxn Opx —
dc=| " Tl FRoayyi+ | " T UFR, 1dr).
Ocox nn M Ocox h M?

Grouping together terms implies (24).

The Generalized IKC with Constant Expectations

In the special case where agents do not revise their expectations over time, the generalized IKC ex-
pression simplifies considerably. Specifically, suppose that agents form a fixed view of the future at
time zero and maintain these expectations thereafter. That s, for all =0 and % > 0, forecast revisions
satisfy FR, [dx:+p] = 0. Under this restriction, the model reduces to a setting in which expectations

are constant over time and all deviations from realized outcomes manifest as forecast errors.

Corollary C.1 (Generalized IKC under Fixed Expectations). Suppose that consumers do not update

their expectations of future aggregates after time zero:
{Erldxe Yy = {EldXrynl}y,, VYE=0.
Then, the generalized IKC representation simplifies to:
dC=M-E|dY|+&-{dY ~E(dYl}+ M -Eldr]+&"-{dr-Eldrl}, (40)

where the forecast-error Jacobians & and &" are given by:

Myo O 0O ... M, 0 0

My Mg O ... M, M, O
&= ,and & = 1r,0 (:’0 .

Mo Mo Moo ... M,, M, M,,

This result highlights that, under fixed expectations, all deviations from anticipated paths enter

through contemporaneously realized forecast errors. The resulting consumption dynamics can be

69



captured by a convolution of these errors with the first column of the original Jacobian matrices.

Proof of Proposition 7

First, note that under assumption 4, people have constant expectations about the future E; ; [d Y] =
EioldY:ipl and E; ¢ [drisp] = Ejoldrep]. It follows from Proposition 6, that we can write the con-

sumption of the informed, d C"f and of the uninformed, dC?, as follows:
dci"f:ME""f[dY]+£-(dY—Ei"f [dY])+M’-dr 41)

and
dc’=&-dy +&" -dr, (42)

respectively. The equilibrium is given by
dy = APdc™ +(1-AP)ac® (43)

and the expectations of the informed solve:

EM [dy) = A8E" | dc™ | + (1-A8) B [dC?). (44)
Combining (41) and (42) with (43), we obtain
Ay =&-dY +&"-dr+ AP {(M- &) E" (dY) + (M - &")-dr, (45)
and combining (41) and (42) with (44), we obtain
EM (dY)=&-E™ [dY]+ 6" -dr + A5 {(M- &) E™ (dY|+ (M - &")-dr}. (46)

Note that, combining (45) and (46), now implies that

(I-8&E™ [dY]|-&-dr (I-8)dY-&"-dr
A8 B AP

< APE [dY) = A8dY +.4°&" - (AP - A) dr,
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where we assume that (I — &) possesses an inverse .4 0 (see conditions for this in Auclert, Rognlie, and

Straub, 2024). Using this expression to replace AP E?*/ [dY] in 45, obtains
AY =&-dY +&"-dr + (M- &) [A8dY + 4 E" - (AP —A8)dr]| + AP (M" - &")-dr.
Finally, collecting terms implies that

AY ={ASM+ (1-2A8)&}dY + {APM" + (1-AP) &} dr + (M~ &) #°E" - (AP - A8) dr.

Beyond a constant real interest rate

In the baseline, we have assumed that the central bank directly sets the real interest rate. However, the
analytical framework developed above readily extends to accommodate a more conventional mone-
tary policy specification in the form of a generalized Taylor rule. Specifically, suppose the central bank

sets the nominal interest rate i = {i;}72, according to:
di=®,-dax+Dy-dY +dm,

where 7 = {n,}72, denotes the inflation rate at time 7 and dm is an exogenous monetary policy shock.
The policy matrices @, and @y allow for general dependence of the nominal interest rate on current,
lagged, or anticipated values of inflation and output. Such dependence naturally accommodates in-
terest rate smoothing and forward guidance within the Taylor rule formulation.

For tractability, we assume that price setters operate under full-information rational expectations

and that inflation dynamics are governed by a generalized Phillips curve of the form:
dn=K-dy,

where K is the reduced-form slope matrix capturing the sensitivity of inflation to output fluctuations.

Given the nominal rate path, the real interest rate can be expressed as:
dr=di—-F-dn,

where F is the forward (diagonal-shifting) operator. Substituting the Taylor rule and Phillips curve
yields:
dr=®-dY +dm

where the generalized policy transmission matrix is defined as ® = [®, — F] - K + ®y. Substituting this

71



expression into the original perfect-foresight IKC representation for aggregate consumption gives:
dC=M"*"-dY +M'" -dm,

where the modified demand sensitivity matrix is given by M = M+ M" - ®.

This augmented formulation preserves the linearity and tractability of the original IKC framework,
while allowing for a richer transmission mechanism from monetary policy to real activity. Using this
representation, one can proceed analogously to derive the generalized IKC under various deviations
from rational expectations, now applied to beliefs over dY and dm. Implicit in this extension is the
assumption that households possess first-order knowledge of the structural relationships encoded in

the Taylor rule and the Phillips curve.
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