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1 Introduction

Forward guidance has become commonly used by central banks around the world. Ac-

cording to macroeconomic models forward guidance is a powerful policy tool, especially

at the zero lower bound (Eggertsson and Woodford, 2003). These models show that a

recovery can be accelerated if the central bank commits from the outset to keep interest

rates at the zero lower bound for an additional period of time beyond what current eco-

nomic conditions justify. However, several authors have argued that the magnitude of

the effects of forward guidance in a workhorse New Keynesian model seems implausibly

large, especially if the announcement is about policy rates far in the future (Carlstrom et

al., 2015; Del Negro et al., 2012).

According to different macroeconomic theories, expectations play a fundamental role

in shaping the effectiveness of forward guidance. Current state of the art models make

particular theoretical assumptions about the expectation formation process in order to

study the effects of forward guidance on consumption. For example, papers have pro-

posed anticipated future credit constraints (McKay et al., 2016), inattention (Wiederholt,

2015), a lack of common knowledge (Angeletos and Lian, 2018), level-k thinking (Farhi

and Werning, 2019), finite reflection (García-Schmidt and Woodford, 2019), or myopia

(Gabaix, 2020) as reasons for the muted effects of forward guidance. Modelling expec-

tation formation in response to forward guidance is challenging, especially in a setting

with heterogeneous agents with limited cognitive abilities, which may in addition hold

different subjective models of the macroeconomy (Andre et al., 2021).

In this paper, we propose a novel approach to identify the effects of forward guidance

using a model that is agnostic about the way in which economic agents form expectations,

but instead leverages experimental estimates of the expectation adjustments in response

to forward guidance.1 To capture respondents’ subjective beliefs about the the effects of

1In a recent commentary, Monika Piazzesi calls for the use of subjective beliefs measured in surveys as an
input in theoretical models (Brunnermeier et al., 2021). For an introduction to this “temporary equilibrium
with measured expectations” approach see Piazzesi and Schneider (2016). Applications include Landvoigt
et al. (2015) and Leombroni et al. (2020).
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forward guidance in a clean way, we employ hypothetical vignettes with different pro-

jections of future interest rates, whose design is guided by a parsimonious theoretical

framework.

The main idea can be illustrated with a simple example. Many macroeconomic models

imply equations of the form

Y = γE [X (Z)] , (1)

where Y is an outcome variable (e.g. consumption), X is an endogenous variable (e.g.

permanent income), and Z is a structural shock (e.g. a policy shock). Furthermore, γ is

a coefficient and E is the subjective expectation of the agent. The marginal effect of the

structural shock on the outcome variable is

∂Y
∂Z

= γ
∂E [X (Z)]

∂Z
.

To compute the derivative ∂E[X(Z)]
∂Z , one usually makes assumptions about expectation

formation. The most common assumption is that the agent has full information rational

expectations (i.e. the agent knows the realization of the shock Z and is right about the

effect of Z on X). The alternative is to assume that the agent has incomplete information

about the realization of Z (e.g. due to inattention) or distorted beliefs about the effect of

Z on X (e.g. due to level-k thinking or some other deviation from rational expectations).

In this paper, we take a different route. We elicit directly the expectation E [X (Z)] for

alternative policies and can thereby compute the effect of the shock Z on the outcome

variable Y without making assumptions about expectation formation.

The specific macroeconomic model that we build on is a New Keynesian model with

heterogeneous agents. The assumptions about preferences, budget constraints, asset struc-

ture and borrowing constraints are similar to the assumptions in McKay et al. (2016). The

expectation side of the model is new. Rather than making theoretical assumptions about

expectation formation, we feed experimentally estimated adjustments of all those expec-

tations appearing in the consumption functions into the model. For example, consider a
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household who is currently not borrowing constrained and holds the belief that it will not

be borrowing constrained in the future. The log-linearized consumption function of this

type of household has the following form. Current consumption is a linear function of

three terms: the expectation of the discounted sum of current and future real income, the

expectation of the discounted sum of current and future real interest rates, and the expec-

tation of end-of-previous-period real bond holdings (Angeletos and Lian, 2018). This is an

example of equation (1) but with multiple terms on the right-hand side of the equation. In

the survey, we elicit all expectations that appear on the right-hand side of this consump-

tion function for a baseline policy and an alternative policy. Substituting the difference

in expectations across policies into the consumption function we can assess the effect on

consumption of implementing one policy instead of another policy. As part of the survey,

we also elicit a household’s subjective probability of being borrowing constrained in the

future and whether the household is currently borrowing constrained. This allows us to

substitute the expectation difference into the consumption function that is adequate for

this type of household. Aggregating across households yields the aggregate consumption

response on impact of the announcement that the central bank has decided to move from

the baseline policy to the alternative policy.

Informed by the model, we empirically study how households adjust their policy rate,

inflation and income expectations in response to changes in the Fed’s projection about the

future federal funds rate. To do so we leverage hypothetical vignettes, which provide us

with tight control over our respondents’ information sets. The vignettes make sure that

all respondents observe the change in the Fed projection, fix beliefs about the source of the

shock, and provide information on the current Federal Funds rate.2 In our experiments,

respondents first complete a hypothetical scenario in which they are asked to imagine that

at the next Fed meeting the projected federal funds rate for the year 2023 remains constant

at 0.1 percent. They are then asked about their expectations about the future development

2By contrast, expectation adjustments around Fed announcements as measured in observational data
are more difficult to interpret, as households’ information sets are typically unobserved. In particular, it
is unclear which fraction of households have heard at all of a Fed announcement, and which fraction of
households have heard about the source of a policy change.
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of the federal funds rate, the inflation rate, and their nominal household income under

the scenario of an unchanged Fed projection. Second, respondents are asked to think

about an alternative hypothetical scenario, in which the projected federal funds rate for

the year 2023 increases from 0.1 percent to 0.5 percent at the next Fed meeting. We vary

across respondents whether the change in the federal funds rate is due to a change in

the Fed’s outlook on the broader economy, is due to a change in the composition of the

Fed committee, or is not attributed to any specific reason. We then elicit our respondents’

expectations about the future development of the federal funds rate, the inflation rate as

well as their income under this alternative hypothetical scenario of a change in the Fed’s

projection. Moreover, we collect a rich set of additional variables to measure households’

attention to Fed announcements and their expectations about future credit constraints.

Finally, we designed a dedicated survey module to identify hand-to-mouth consumers

(Kaplan et al., 2014), whose behavior does not respond to expectations adjustments.

We first present the reduced form results from our experiments. First, we confirm that

the increase in the Fed’s projection about the future interest rate substantially increases

respondents’ expectations about the federal funds rate. While respondents upward adjust

their federal funds rate expectations for 2021 by 0.05 percentage points (p < 0.01), and

for 2022 by 0.08 percentage points (p < 0.01), the effect peaks for the expected rate in

2023, with an increase by 0.19 percentage points (p < 0.01), and then reverts back to close

to zero in 2026 and 2030, consistent with the long-term projections remaining unchanged

across the scenarios. The increase by 0.19 percentage points corresponds to approximately

50 percent of the difference in Fed projections across scenarios. This in turn suggests that

respondents attach positive probability to a state where the Fed will ex-post not increase

the future federal funds rate as projected. Second, we document substantial downward

adjustments of inflation expectations in response to the increase in the projected federal

funds rate in 2023. Expectations decrease most strongly for inflation on impact in 2021,

and less strongly for the later time-periods. The effect size of the inflation expectation

adjustment in 2021 of 0.25 percentage points (p < 0.01) is sizable compared to the first

stage adjustment of the federal funds rate. Third, there is a muted average response of
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nominal income expectations over all relevant time horizons. Together, the significant

effects on inflation expectations and the muted response of nominal income expectations

imply that the Fed announcement increases respondents’ expected real income. Finally,

using an additional experiment, we show that neither expectations about future credit

constraints nor expectations about the nominal value of respondents’ home change in

response to the change in the Fed projection.

Our respondents’ expectation adjustment does not systematically vary depending on

whether the source of the change in the Fed’s projection is described to be (i) endogenous

to current economics conditions, (ii) exogenous to current conditions, or (iii) exogenous

to current conditions and also reflected in stock market movements, or whether (iv) we

provide no reason for the change in the projection. The similar expectations adjustments

across arms highlight the robustness of our main findings, and showcase that households

do not form their expectations as posited by a large class of theoretical models, which

would predict sharp differences in expectation adjustment depending on whether a pol-

icy change is endogenous or exogenous.

Both the result that households do not adjust their nominal income expectations and

the finding that expectation adjustments do not depend on the reason for the policy

change highlight the value of an approach that feeds measured expectations into mod-

els and makes no theoretical assumptions about the expectation formation process.

We next turn to the model-based consumption responses, which we obtain from di-

rectly feeding the estimated expectation adjustments of the relevant behavior types into

the theoretical model. Thus, we calculate the effects of adjustments in the Fed’s projec-

tion on consumption based on how non-hand-to-mouth households actually adjust their

expectations in response to changes in the Fed’s projection. Assuming an intertemporal

elasticity of substitution of 1
2 , our estimates imply a consumption decrease among non-

hand-to-mouth households who are certain that they will not be credit constrained in the

future by 0.39 percentage points (p < 0.05). This overall effect masks opposing effects

working through intertemporal substitution, lowering consumption by 0.82 percentage

points (p < 0.01), and higher expected real income, increasing consumption by approxi-
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mately 0.43 percentage points (p < 0.10). Our results are robust to varying assumptions

about the rate at which expectation adjustments converge to zero beyond the horizons

we measure in our survey. We also study the consumption response among non-hand-

to-mouth households attaching positive probability to future credit constraints focusing

on two corner cases – i) that they behave as if they expected no constraints, and ii) that

they behave as if they were certain to be constrained in the next period. While in case i)

their consumption would increase by 0.54 percent, in case ii) their consumption would be

unchanged.

Focusing on case ii) for this group of households, we calculate a direct effect of the

change in the Fed’s projection due to expectation adjustment on overall consumption in

the economy of -0.19 percent. Any additional effect on consumption depends on assump-

tions about how quickly the reduction in consumption due to the expectation adjustment

is reflected in changes in income.

We contribute to a literature assessing the effects of forward guidance (Eggertsson and

Woodford, 2003), as well as a series of papers analyzing potential mechanisms that could

explain small effects of forward guidance (Del Negro et al., 2012). McKay et al. (2016)

provide a theoretical framework highlighting that anticipated future credit constraints

imply a more muted consumption response to changes in forward guidance. Angeletos

and Lian (2018) show that without the common knowledge assumption, forward guid-

ance has less powerful effects than in standard theories. Gabaix (2020) models agents’

partial myopia toward distant atypical events using a new microfounded “cognitive dis-

counting” parameter, which substantially limits the effectiveness of forward guidance.

Wiederholt (2015) studies the effects of forward guidance when expectations adjust slug-

gishly and are dispersed. We offer a new approach to assess the effectiveness of forward

guidance that combines a parsimonious model with survey-based estimates of expecta-

tion adjustments, while making no theoretical assumptions on the way expectations are

formed. Our findings suggest that changes in forward guidance lead to changes in ex-

pected inflation with flat nominal income expectations, which may result in a more muted

consumption response than implied by canonical models (Eggertsson and Woodford,
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2003) due to opposing effects working through intertemporal substitution and changes

in expected real income. In addition, the inflation expectation adjustments in the survey

are smaller compared to those in canonical models.

Our approach also has a range of desirable features for policy-makers. First, our ap-

proach predicts the effects of policy changes based on current expectation adjustments,

current hand to mouth-status, current perceived probability of becoming credit constrained

in the future and current attention to monetary policy across the population. Thus, our

approach captures rich state-dependence in the consumption response to policy changes.

This should allow to more precisely predict effects of policy changes on behavior than

models that are calibrated based on historical data. Second, our rich background ques-

tions allow to quantify the role of different channels in the pass-through of changes in

communication to economic behavior, such as the role of hand-to-mouth behavior or inat-

tention among fractions of the population. Third, the flexibility of our approach enables

practitioners to vary the way in which announcements are communicated. This in turn

opens a possibility for policymakers to use such surveys to predict effects of different

policy options on economic behavior before committee meetings.

We also contribute to a literature studying households’ expectation formation in the

context of monetary policy (Coibion et al., 2020b; D’Acunto et al., 2021; Link et al., 2020).3

For instance, Coibion et al. (2019) examine how households’ inflation expectations re-

spond to the provision of different pieces of information about monetary policy in the

US. Coibion et al. (2020a) use large-scale surveys to examine how information about in-

flation and policy rates at different horizons affects household expectations. Andre et al.

(2021) characterize a large degree of heterogeneity in people’s subjective models of the

macroeconomy with a particular focus on the associations that come to people’s minds

when thinking about macroeconomic shocks. Our paper differs from this literature in

3Our work also relates to a growing empirical literature studying the way households form expectations
about macroeconomic variables (Armona et al., 2019; Bachmann et al., 2015; Bailey et al., 2018; Cavallo et
al., 2017; Coibion et al., 2018; Fuster et al., 2020; Kuchler and Zafar, 2019; Roth and Wohlfart, 2020; Roth et
al., 2021). For a review of the broader literature on information provision experiments, see Haaland et al.
(2021).
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three main ways: first, our measurement of expectations and behavioral types is directly

guided by the insights of a simple macroeconomic model. This allows us to directly iden-

tify the elasticities of expectations and fractions of behavioral types that are relevant in

the model. Second, we directly use our estimated elasticities of expectations as inputs in

our model to quantify the impact of monetary policy on consumption. Finally, we shed

new light on the importance of beliefs about the sources of changes in the Fed projec-

tion. Our estimates thereby allow us to characterize whether respondents’ expectation

formation process depends on whether they perceive a policy change as “endogenous”

or “exogenous”. Our findings suggest that, in contrast to canonical models, the reasons

for policy changes play a minor role in households’ expectation adjustments.

Our paper proceeds as follows. Section 2 presents a model of consumption responses

to monetary policy announcements. Section 3 provides an overview of our survey design.

In Section 4 we discuss reduced-form evidence from our main experiment and the ro-

bustness experiment. In Section 5 we present the model-implied consumption responses.

Section 6 concludes.

2 Theoretical framework

This section presents a model of how households adjust their consumption in response

to policy announcements on future interest rates. The assumptions about preferences,

budget constraints and borrowing constraints are similar to the assumptions in McKay

et al. (2016). In Section 5, we use this model together with our experimentally estimated

expectation adjustments to predict consumption responses to forward guidance.
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2.1 Assumptions

The economy is populated by a unit continuum of households, indexed by i ∈ [0, 1], with

preferences given by

Ei,t

[
∞

∑
s=t

βs−t

(
C1−γ

i,s

1− γ
− vi (Ni,s)

)]
, (2)

where Ci,s is consumption of household i at time s and Ni,s is labor supply of household

i at time s. The disutility of labor function vi : R+→ R is twice continuously differen-

tiable, strictly increasing, and convex, and may differ across households. The preference

parameters satisfy β ∈ (0, 1) and γ > 0.

Households can save, or borrow up to a borrowing limit. Households can save by

holding a positive amount of a liquid asset (e.g., a nominal government bond) with gross

nominal interest rate Rt between periods t and t+ 1. Households can borrow by holding a

negative amount of the liquid asset with gross nominal interest rate Rdebt
t between periods

t and t + 1. For now, we assume that Rt = Rdebt
t .

There are firms in the economy that generate profit. Households therefore have divi-

dend income. For now, we assume that households cannot trade their stakes in the firms.

The flow budget constraint of household i in period t reads

PtCi,t + Bi,t = Rt−1Bi,t−1 + Wi,tNi,t + Di,t − Ti,t, (3)

where PtCi,t is the consumption expenditure of household i in period t, Pt is the consumer

price index in period t, and Bi,t are the household’s holdings of the liquid asset between

periods t and t+ 1. Turning to the right-hand side of the flow budget constraint, Wi,tNi,t is

labor income, Di,t is dividend income, and Ti,t are tax payments of household i in period

t. The wage rate and the dividend income may differ across households. The tax payment

can be any function of income and wealth, so long as it does not affect the consumption

Euler equation.
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The borrowing constraint of household i in period t reads

Bi,t ≥ −Li,t (4)

where the borrowing limit Li,t may differ across households, can depend on the entire

history of the economy, and is taken as given by household i. A special case is a borrowing

limit of zero in every period and every state of the world.

The expectation operator in equation (2) is assumed to satisfy linearity and the law of

iterated expectations. Formally, for any two random variables X and Y,

Ei,t [X + Y] = Ei,t [X] + Ei,t [Y] , (5)

and

∀s > t : Ei,t [Ei,s [X]] = Ei,t [X] . (6)

Furthermore, we assume that for any binary random variable Z

Ei,t[X] = θi,tEi,t[X|Z = 1] + (1− θi,t)Ei,t[X|Z = 0], (7)

where θi,t denotes household i’s period-t subjective probability of the event Z = 1. We

make no other assumptions about the expectation operator.

We assume that in period t, each household chooses consumption Ci,t so as to maxi-

mize its objective (2) subject to its budget constraint (3) and its borrowing constraint (4),

given its subjective beliefs about the future paths of all relevant variables.

2.2 Terminology

Note that in period t, each household belongs to exactly one of the following three groups:

• Group 1: The household’s borrowing constraint is binding in period t.

• Group 2: The household’s borrowing constraint is not binding in period t, and the
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household believes that the borrowing constraint will not be binding in the future.

• Group 3: The household’s borrowing constraint is not binding in period t, and

the household believes that the borrowing constraint is binding in the future with

strictly positive probability.

Following the literature, we will refer to households in group 1 as “hand-to-mouth”

households. We distinguish between these three groups because households in differ-

ent groups have different consumption functions, which we turn to next.

2.3 Consumption functions

The consumption of a household in group 1 (i.e., the consumption of a hand-to-mouth

household) is given by the flow budget constraint and the binding borrowing constraint

Ci,t =
1
Pt

(Rt−1Bi,t−1 + Wi,tNi,t + Di,t − Ti,t + Li,t) . (8)

The household consumes all liquid wealth, all after-tax income, as well as all available

credit.

The consumption function of a household in group 2 can be derived from the present

value budget constraint in real terms

∞

∑
s=t

Qt,sCi,s =
Rt−1

Πt
B̃i,t−1 +

∞

∑
s=t

Qt,s
(
W̃i,sNi,s + D̃i,s − T̃i,s

)
,

where B̃i,t−1 ≡
Bi,t−1
Pt−1

, W̃i,s ≡
Wi,s
Ps

, D̃i,s ≡
Di,s
Ps

, T̃i,s ≡
Ti,s
Ps

, Qt,t ≡ 1, and Qt,s ≡ ∏s
k=1

(
Rt+k−1
Πt+k

)−1
,

the consumption Euler equation in period t

C−γ
i,t = Ei,t

[
β

Rt

Πt+1
C−γ

i,t+1

]
,

and the period-t belief that the consumption Euler equation will also hold with equality
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in future periods s > t

Ei,t

[
C−γ

i,s

]
= Ei,t

[
Ei,s

[
β

Rs

Πs+1
C−γ

i,s+1

]]
.

Log-linearizing the last three equations around the steady state of the non-stochastic

version of the economy (where households may be ex-ante different and therefore may

have different initial wealth levels B̃i, different labor income W̃iNi, different dividend

income D̃i, and different tax payments T̃i) and rearranging yields

ci,t =

1
Ci
Ỹi

(1− β) Ei,t
[
∑∞

s=t βs−tỹi,s
]

+

[(
1
β − 1

)
B̃i
Ỹi

1
Ci
Ỹi

− 1
γ

]
βEi,t

[
∑∞

s=t βs−t (rs − πs+1)
]

+
(

1
β − 1

)
B̃i
Ỹi

1
Ci
Ỹi

Ei,t
[
rt−1 − πt + b̃i,t−1

]
.

(9)

Here Ỹi,t denotes real labor income plus real dividend income minus real tax payments

Ỹi,t ≡ W̃i,tNi,t + D̃i,t − T̃i,t,

and lower-case letters denote log-deviations from the steady state of the non-stochastic

version of the economy (e.g., ci,t = ln (Ci,t)− ln (Ci) and ỹi,t = ln
(
Ỹi,t
)
− ln

(
Ỹi
)
).4 Con-

sumption of a household who is not borrowing constrained in period t and does not

expect to be borrowing constrained in the future depends on three expectations: perma-

nent non-interest income (the first term in equation (9)), the income and substitution effect

linked to expected real interest rates (the second term in equation (9)), and the perceived

beginning-of-period real liquid wealth (the third term in equation (9)).

4The definition of the variable b̃i,t−1 is b̃i,t−1 = ln
(

B̃i,t−1
)
− ln

(
B̃i
)

if B̃i > 0, b̃i,t−1 = ln
(∣∣B̃i,t−1

∣∣) −
ln
(∣∣B̃i

∣∣) if B̃i < 0, and b̃i,t−1 = 0 if B̃i = 0.
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Combining the two interest income terms and the non-interest income term yields

ci,t =

1
Ci
Ỹi

(1− β) Ei,t

[
∑∞

s=t βs−t
(

1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

)]
− 1

γ βEi,t
[
∑∞

s=t βs−t (rs − πs+1)
]

+ 1
Ci
Ỹi

(1− β) 1
β

B̃i
Ỹi

Ei,t
[
b̃i,t−1

]
.

(10)

The consumption of a household who is not borrowing constrained in period t and does

not expect to be borrowing constrained in the future depends on permanent income,

the intertemporal substitution term, and the perceived end-of-previous-period real liq-

uid wealth.

Turning to the effect of policy announcements on consumption, let 4ci,t = cPolicy1
i,t −

cPolicy2
i,t denote the difference between consumption under policy announcement 1 and

consumption under policy announcement 2 and let 4Ei,t [X] = EPolicy1
i,t [X]− EPolicy2

i,t [X]

denote the difference between the expectation of variable X under policy announcement

1 and the expectation of the same variable under policy announcement 2. Equation (10)

implies that

4ci,t =

1
Ci
Ỹi

(1− β)4Ei,t

[
∑∞

s=t βs−t
(

1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

)]
− 1

γ β4Ei,t
[
∑∞

s=t βs−t (rs − πs+1)
]

+ 1
Ci
Ỹi

(1− β) 1
β

B̃i
Ỹi
4Ei,t

[
b̃i,t−1

]
.

(11)

For a household in group 2, differences in consumption across policy announcements are

determined by differences in expectations across policy announcements. The key idea of

this paper is to elicit these differences in expectations with a survey and to compute the

effect of policy announcements on consumption from equation (11).

The consumption function of a household in group 3 looks different because of the

positive subjective probability of being borrowing constrained in the future. Since the

borrowing constraint of a household in group 3 is not binding in period t, the household’s
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consumption Euler equation holds with equality in period t

C−γ
i,t = Ei,t

[
β

Rt

Πt+1
C−γ

i,t+1

]
.

Let θi,t denote household i’s subjective probability in period t of being borrowing con-

strained in period t + 1. Using this notation, one can write the consumption Euler equa-

tion in period t as

C−γ
i,t = θi,tEb

i,t

[
β

Rt

Πt+1
C−γ

i,t+1

]
+ (1− θi,t) En

i,t

[
β

Rt

Πt+1
C−γ

i,t+1

]
,

where Eb
i,t denotes the expectation conditioning on a binding borrowing constraint in pe-

riod t + 1, while En
i,t denotes the expectation conditioning on a non-binding borrowing

constraint in period t + 1.

Consumption in the case of a binding borrowing constraint in period t + 1 is given by

the flow budget constraint and the consumption function of a group 1 household

Ci,t+1 =
Rt

Πt+1

(
Rt−1

Πt
B̃i,t−1 + Ỹi,t − Ci,t

)
+ Ỹi,t+1 + L̃i,t+1.

See equations (3) and (8). Log-linearizing the last two equations around the steady state

of the non-stochastic version of the economy and combining these two equations yields

ci,t = −
1
γ

Ei,t [rt − πt+1] + θi,tEb
i,t

[
xi,t+1 −

1
β

ci,t

]
+ (1− θi,t) En

i,t [ci,t+1] ,

with

xi,t+1 ≡
B̃i
Ci

β2

(
rt − πt+1 + rt−1 − πt + b̃i,t−1

)
+

Ỹi−Ci
Ci

β
(rt − πt+1)+

Ỹi

Ci

(
1
β

ỹi,t + ỹi,t+1

)
+

L̃i

Ci
l̃i,t+1.

To illustrate the implications of beliefs about future binding borrowing constraints for

current consumption, consider the limit as θi,t converges to one, that is, the household
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believes that the borrowing constraint (4) will very likely be binding in the next period.

The last two equations then imply

ci,t =

1
Ci
Ỹi

1
1+β Ei,t

[
∑t+1

s=t βs−t
(

1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

)]
− 1

γ
β

1+β Ei,t [rt − πt+1]

+ 1
Ci
Ỹi

1
1+β Ei,t

[
1
β

B̃i
Ỹi

b̃i,t−1 + β L̃i
Ỹi

l̃i,t+1

]
.

(12)

Comparing equation (12) to equation (10) shows that the anticipation of a binding bor-

rowing constraint in the next period has several implications. First, the relevant defini-

tion of “permanent” income becomes the expected average income up to and including

the period in which the borrowing constraint becomes binding. Second, the intertempo-

ral substitution term depends only on the expected real interest rate up to the period in

which the borrowing constraint becomes binding. Third, the expectation of the future

real value of the borrowing limit affects current consumption.

The effect of the policy announcement on consumption then equals

4ci,t =

1
Ci
Ỹi

1
1+β4Ei,t

[
∑t+1

s=t βs−t
(

1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

)]
− 1

γ
β

1+β4Ei,t [rt − πt+1]

+ 1
Ci
Ỹi

1
1+β4Ei,t

[
1
β

B̃i
Ỹi

b̃i,t−1 + β L̃i
Ỹi

l̃i,t+1

]
,

(13)

where 4ci,t is the difference between consumption under policy announcement 1 and

consumption under policy announcement 2 and 4Ei,t [X] is the difference between the

expectation of variable X under policy announcement 1 and the expectation of the same

variable under policy announcement 2.

For households in group 2 and households in group 3, differences in consumption

across policy announcements are determined by differences in expectations across policy

announcements. However, the consumption function of a household in group 2 differs

from the consumption function of a household in group 3. The key idea of the paper is
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to elicit differences in expectations across policy announcements for an individual house-

hold with a survey and to compute the effect of the policy announcement on the con-

sumption of the household from the consumption function of this type of household.

3 Experimental design and data

In this section we present our main experimental design and our data. The full experi-

mental instructions are provided in Appendix B.1.

3.1 Samples

For our main survey we collect a sample of 2,218 respondents that is representative of

the US population in terms of education, gender, age, region, and household net income.

The survey was conducted as an online survey shortly before the regular FOMC meet-

ing on March 16/17 2021 in collaboration with the panel data provider Luc.id, which is

commonly used in economic research (Haaland et al., 2021).

3.2 Experimental design: Main survey

3.2.1 Combining theory and empirics

According to our model, expectations about the federal funds rate, the inflation rate, and

household income are the key expectations that should shape the consumption response

to changes in Fed projections. In our survey, we elicit the response of exactly these ex-

pectations over different relevant forecast horizons. Moreover, we include tailored ques-

tions to measure current hand-to-mouth status, attention to Fed announcements, and the

perceived probability of becoming credit constrained, which all matter for households’

spending responses in the model.
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3.2.2 Demographics, introduction and definitions

In the beginning of our survey, we elicit a basic set of demographic characteristics. Then,

we provide our respondents with basic definitions of the inflation rate as well as the

federal funds rate. In particular, we explain to our respondents that the Federal Reserve

(Fed) controls the federal funds rate and that besides choosing the current rate, the Fed

publishes projections of where this interest rate will be in the coming years. We then

fix beliefs about the current level of the federal funds rate (0.1 percent) as well as the

projection by the Fed according to which the rate will still be 0.1 percent at the end of

2023.

3.2.3 Baseline scenario

Respondents are then asked to imagine the following hypothetical scenario:

Please imagine that at the next meeting of the Fed on March 16/17 2021, the

Fed announces that the current federal funds rate will remain unchanged at

0.1 percent. Moreover, the Fed announces that its projection about the future

federal funds rate at the end of 2023 remains unchanged at 0.1 percent.

We then elicit the respondents’ own expectations under this hypothetical scenario5, such

as their expectations about the future federal funds rate at the end of the years 2021, 2022,

2023, 2026 and 2030, and their expectations about annual inflation in 2021, 2022 and 2023,

as well as their average expected inflation rate for the years 2024-2026. We also elicit

our respondent’s expectations about their average annual household income in nominal

dollar terms in 2021, 2022-2023, as well as 2024-2026.
5To make it clear to respondents that we are interested in their expectations conditional on learning

about the Fed announcement we explicitly ask them about their expectations “if they learned about the
Fed’s announcement”.
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3.2.4 Alternative scenario

Respondents are then asked to imagine an alternative scenario about the Fed’s projec-

tions. Specifically, respondents receive the following set of instructions:

We will now ask you to consider the following alternative hypothetical sce-

nario. Please imagine that at their next meeting on March 16/17 2021, the

Fed announces that the current federal funds rate will remain unchanged at

0.1 percent. However, the Fed announces that its projection about the future

federal funds rate at the end of 2023 increases from 0.1 percent to 0.5 percent.

Note: The Fed’s longer-run projection about the federal funds rate remains

unchanged.

We then re-elicit respondents’ own expectations regarding the federal funds rate, the in-

flation rate, and their net household income under this alternative hypothetical scenario

using the same time horizons as in the baseline scenario.

3.2.5 Beliefs about the source of the change in the Fed projection

To probe the robustness of our findings, we cross-randomize respondents into four differ-

ent groups receiving different messages on the source of the change in the Fed projection:

In the “no-reason” group, respondents are not provided with a reason for why the pro-

jection changes. In the “endogenous” group, respondents are told that the change in

the projection is due to a change in the Fed’s outlook on the broader development of the

economy. In the “exogenous” group, participants are told that the change in the Fed’s pro-

jection occurred because the composition of the committee changed before the meeting.

Moreover, respondents in the “exogenous” group are additionally told that the change in

the projection is not due to a change in the Fed’s outlook on the broader development of

the economy. In the “exogenous-stock” group respondents receive the same instructions

as respondents in the “exogenous” group, but are additionally told that in response to the

Fed announcement, the S&P 500 stock market index falls by one percent. This last treat-
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ment arm allows us to study whether our findings differ when we provide additional

information that might be important for households’ learning about Fed announcements

in the real world.

3.2.6 Measuring inattention

A key variable in the consumption response to Fed announcements is the fraction of

households that are inattentive to such announcements, and may therefore not adjust

their consumption in response to such events. To quantify the fraction of inattentive

households, we ask our respondents to think of announcements by the Federal Reserve

in general. We then ask them how long it would typically take until they hear of a Fed

announcement on a scale ranging from “less than seven days” to “typically I would never

hear of such an announcement”. Similarly, we measure people’s attention to stock market

movements in response to Fed announcements.

3.2.7 Identifying hand-to-mouth consumers

In our model, only non-hand-to-mouth households will adjust their consumption in re-

sponse to changes in expectations. Therefore, it is critical for us to identify hand-to-mouth

consumers (Kaplan et al., 2014). Following the approach in Kaplan et al. (2014), we use

a series of questions on balance sheet variables to identify liquidity constraints. Specif-

ically, we ask respondents about their household’s liquid wealth in the last days before

the main earner’s last income receipt as well as their total revolving credit card debt and

overall combined credit limit for all credit cards owned by the household.

3.2.8 Anticipated credit constraints

Another key variable in our model is households’ perceived likelihood of becoming credit

constrained in the future (McKay et al., 2016). To measure anticipated credit constraints

we ask our respondents about the probability that their household will be in a situation

where it would like to borrow more money on its credit cards, but would be unable to
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do so. We elicit the probability of being credit constrained at some point until the end of

2021, at some point until the end of 2022, or at some point until the end of 2026.

3.2.9 Additional characteristics

Finally, we elicit an additional set of characteristics, including respondents’ numeracy,

their risk and time preferences, their perceived exposure to macroeconomic fluctuations

as well as their household’s savings rate in 2020.

3.2.10 Discussion of the design

Our design leverages differences in predictions across two alternative hypothetical sce-

narios – i.e. within-subject variation – to identify the effects of changes in projections

of the federal funds rate. We believe that within-subject variation is particularly suited

for our purposes for several reasons: First, our within-design helps us to control for

individual-level fixed effects, and thus strengthens our statistical power, and deals with

individual-specific measurement error. Second, it allows us to characterize the distribu-

tion of treatment effects at the individual level. Third, in our within-design it is salient

to respondents that there is a change in the Fed’s projections. Since in our model we

are interested in expectation formation among households if they are attentive to Fed

announcements, our design thus matches the theory closely. Our design provides us

with estimates of how individuals would adjust their expectations if they heard about the

change in the Fed’s projections, regardless of whether they are usually attentive to Fed

announcements. Setting equal to zero the consumption responses of households who

self-report to be usually inattentive to Fed announcements, we obtain an estimate of the

consumption stimulus due to forward guidance when only attentive households adjust

their expectations.

One alternative approach to study the consumption response to Fed announcements

would be to directly elicit respondents’ beliefs about their household spending under

both the baseline and the alternative scenario. Compared to our approach of measuring
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expectation adjustments and feeding those into a model, this alternative approach has

several disadvantages.

First, if one elicits directly respondents’ beliefs about their household spending un-

der the baseline and the alternative policy scenario, it will be difficult to interpret the

responses since it is not clear what the respondents “hold fixed”. Would the responses

reflect how much their consumption would change if monetary policy was the only thing

that changed? Or how much their consumption would change after everybody else had

also changed their consumption, leading to a change in output, income and inflation in

the economy? By eliciting directly respondents’ beliefs about the effects of the policy

on aggregate outcomes such as inflation and individual outcomes such as their after-tax

income we circumvent this problem.

Moreover, according to standard theory, the consumption of group 2 and group 3

households not only depends on the beliefs measured in our survey, but it depends on

nothing else than these beliefs. That is, the expectations changes in equations (11) and

(13) are sufficient statistics for the consumption changes in equations (11) and (13). This

also means that all general equilibrium effects on the consumption of group 2 and group

3 households operate through these expectations.

Over time agents might receive additional information and change their consumption

because they revise these beliefs, so what we measure is the response of consumption to

the policy announcement on impact of the announcement.

Second, self-reported data on household spending is known to be subject to a high

level of measurement error, even for recall of past spending levels (Ahmed et al., 2006;

Battistin, 2003; Bound et al., 2001; Browning et al., 2003). In the context of self-reported

expectations of future spending, Galashin et al. (2021) document a very noisy relation-

ship between spending plans and realized spending as measured in credit card data. By

contrast, our approach highlights the consumption response to empirically estimated ex-

pectation adjustments as it is implied by standard models.

Third, another advantage of measuring expectation adjustments as an input for model-

implied consumption changes is that we can vary other inputs, such as the degree of at-
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tention to Fed announcements or the degree of liquidity constraints, and examine how

such changes affect predicted consumption responses.

3.3 Sample restrictions and summary statistics

3.3.1 Sample restrictions

We drop respondents in the top and bottom percentiles of response time, as very short

or very long response times may indicate inattention to our survey, reducing the sample

size from 2,218 to 2,175 for the main survey.

Point forecasts of macroeconomic variables elicited in household surveys are known

to often include extreme outliers, which may reflect typos or inattention to the survey

questions. Even if extreme outliers reflect true beliefs, they could be driving predicted

consumption responses according to our model, which features averages taken over in-

dividual survey responses, which are sensitive to outliers. We deal with this concern by

excluding outliers in elicited point forecasts.

Since our model is calibrated using individual-level data (see Section 5), we require

a sample for which all relevant expectations variables are available. Specifically, we ex-

clude responses predicting a federal funds rate higher than 10 percent for any horizon

(corresponding to the 97th or 98th percentile in the main survey depending on the hori-

zon), responses predicting an inflation rate higher than 10 percent for any horizon (97th

or 98th percentile), and responses predicting cumulative income growth of less than -70

percent or higher than 200 percent for any horizon (first and 98th or 99th percentile). In

addition, we set to missing those who predict extreme differences in beliefs across the

two hypothetical scenarios, as such extreme differences likely indicate typos. Specifically,

we set to missing those predicting absolute effects on the federal funds rate and on the

inflation rate of more than 5 percentage points or absolute effects on cumulative income

growth of more than 50 percentage points. Again, these cutoffs mostly correspond to the

bottom first or second or top 98th or 99th percentiles across variables and horizons.

Even though these steps are not restrictive individually, and even though there is
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strong overlap of groups containing outliers across survey questions, our focus on a com-

mon sample implies that these procedures result in dropping 14.8 percent of responses in

the main survey. None of our reduced-form results and our model-based estimates are

sensitive to the exact cutoffs used, and our reduced-form results are very similar if we use

all available non-outlier observations for each forecast and horizon instead of focusing on

the smaller common sample. Throughout, we obtain similar results if we winsorize out-

liers instead.

3.3.2 Summary statistics

Table A.1 Panel A shows summary statistics of the remaining sample of 1,854 respondents

for the main survey, including benchmarks from the 2019 American Community Survey.

Our sample closely resembles the population according to the targeted variables gender,

age, education, income and region even after our sample restrictions. Moreover, the table

indicates that our sample is broadly balanced across the survey arms providing different

explanations for the hypothetical change in the Fed’s projections.

4 Reduced-form evidence

4.1 Descriptive results

We first provide descriptive evidence on the distributions of hand-to-mouth status, antic-

ipated probabilities of becoming credit constrained, and attention to Fed announcements

in our data.

Hand-to-mouth status We classify hand-to-mouth households using a similar proce-

dure as Kaplan et al. (2014). Among those who report to have carried over positive credit

card debt from the last billing cycle (27.3 percent), we classify those as hand-to-mouth

who carried over credit card debt of more than 80% of their combined limit on all cards

(8.41 of the full sample). Among those who report not to have carried over any credit
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card debt, we classify those as hand-to-mouth who report liquid wealth holdings before

the last income receipt of the main earner of less than their monthly household net income

(18.4 percent). Together, this procedure yields a fraction of 26.8 percent hand-to-mouth

households, which is very close to previous findings (Kaplan et al., 2014).6

Anticipated credit constraints The anticipated probability of becoming credit constrained

plays a key role for the consumption response to Fed announcements among non-hand-

to-mouth households according to our model. Figure 1 displays the distributions of the

perceived percent chance of becoming credit constrained over different horizons among

non-hand-to-mouth households in our sample. The figure highlights that a majority (60.5

percent) attach zero probability to becoming credit constrained at any point until the end

of 2026.

Inattention to Fed announcements Figure 2 provides histograms of non-hand-to-mouth

respondents’ self-reported time until they typically hear about Fed announcements (Panel

A) or the stock market reaction to such announcements (Panel B). 81 percent of respon-

dents report that it typically takes at most four weeks until they learn about Fed an-

nouncements. The fraction is somewhat higher (86 percent) for the self-reported time

until respondents hear of stock market movements in response to Fed announcements,

in line with the idea that households may be more attentive to stock market movements

than to Fed announcements, e.g. due to higher news coverage. Finally, Table A.2 provides

an overview of the numbers of respondents in different cells according to their hand-to-

mouth status, their perceived chance of becoming credit constrained and their attention

to Fed announcements. Attention to Fed announcements is substantially higher among

non-hand-to-mouth households, in line with the idea that these households’ decisions

depend on their expectations about the future, such as the expected real interest rate.

6In the model only households with a binding borrowing constraint are “hand-to-mouth”, but in the
empirical implementation we also assume that households at the zero kink are “hand-to-mouth” and thus
do not respond to expectations.
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4.2 Reduced-form results from the vignettes

According to our model, the consumption of hand-to-mouth households does not depend

on their expectations, for given labor income and given hand-to-mouth status. Only the

expectation adjustment of non-hand-to-mouth households should matter for the direct

consumption effects of forward guidance. Therefore, we focus on the expectation adjust-

ments of the 1,357 households that are classified as non-hand-to-mouth (73% of our final

sample). Our results for expectations are qualitatively similar if we instead use the full

sample. We measure the effect of the change in the Fed’s projections on a respondent’s

expectations as the difference between a respondent’s reported expectations under the

“rise” and under the “baseline” scenario.

Table 1 illustrates the results for the first stage. It confirms that respondents substan-

tially update their federal funds rate expectations when going from the baseline to the rise

scenario. While the average federal funds rate expectations increase by 0.05 percentage

points for 2021 (p < 0.01) and by 0.08 percentage points for 2022 (p < 0.01), the effect

peaks for 2023 with an increase by 0.19 percentage points (p < 0.01), and then reverts

back to close to zero in 2026 and 2030, consistent with the fact that the Fed’s longer-run

projection does not change across the scenarios. The increase by 0.19 percentage points

corresponds to approximately 50 percent of the difference in Fed projections across sce-

narios. This in turn suggests that respondents attach positive probability to a state where

the Fed will ex-post not increase the future federal funds rate as projected.7

Columns 1-4 of Table 2 highlight substantial downward adjustments in average infla-

tion expectations in response to the increase in the projected federal funds rate in 2023.

Inflation expectations decrease by 0.25 percentage points for 2021 (p < 0.01), by 0.18 per-

centage points for 2022 (p < 0.01), and somewhat less strongly for the later time periods.

The size of the adjustment of inflation expectations is substantial compared to the first-

stage adjustment of expectations about the federal funds rate. Moreover, these findings

highlight that households expect most of the changes in inflation to occur early on after

7Another potential reason for the less than one-to-one pass-through of projections to expectations is that
a fraction of respondents may be inattentive to our survey and may just quickly click through the questions.
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the announcement, while effects are less pronounced for 2023, when the effect on the fed-

eral funds rate expectations is highest. The substantial effects on federal funds rate and

inflation expectations already suggest an important role of the intertemporal substitution

mechanism in households’ consumption responses.

Columns 5-7 of Table 2 display results on nominal income expectations. The table re-

veals a very muted average response of income expectations over all relevant time hori-

zons. These effects are very precisely estimated and the minimum detectable effect sizes

for a power of 80% and a significance threshold of 5% are below 1 percentage point. This

suggests a limited relevance of adjustments of nominal income expectations.

Table 3 displays results on real income expectations. Consistent with the fall in infla-

tion expectations and the muted response of nominal income expectations, we observe

a significant increase in real income expectations for some horizons. Expectations about

cumulative real income growth increase by 0.52 percentage points for the years 2022-2023

(p < 0.01), and by 0.60 percentage points for the years 2024-2026 (p < 0.01). These

reduced-form results already suggest reductions in consumption due to intertemporal

substitution may be partially offset by positive effects on real income expectations.

Robustness to different beliefs about the shocks To probe the robustness of our find-

ings, we varied the source of the change in the Fed’s increased projection for the year

2023. Panel B of Tables 1-3 highlight that households’ expectation adjustment does not

systematically vary depending on whether the source of the change is described to be

(i) endogenous to current economic conditions, (ii) exogenous to current conditions, or

(iii) exogenous to current conditions and also reflected in stock market movements, or

whether (iv) no reason for the change is given. The lack of differences across the differ-

ent sources of the shock underscores the robustness of our main findings, and showcases

that households do not form their expectations as posited by a large class of theoretical

models, which would predict sharp differences in expectation adjustments depending on

whether a policy change is endogenous or exogenous.
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Robustness to sample definition In some of our projections of consumption responses

in Section 5 we assume that only households that report to typically hear about Fed an-

nouncements within four weeks adjust their consumption. Appendix Tables A.4-A.6 dis-

play reduced-form results on expectation adjustments restricting the sample to non-hand-

to-mouth households who are attentive to Fed announcements. Although there are some

small quantitative differences compared to the baseline results focusing on all non-hand-

to-mouth households, the patterns are overall very similar.

4.3 Robustness experiment

We conducted an additional robustness experiment (n=392) in March 2021 in collabora-

tion with Luc.id with a sample representative of the US population in terms of education,

gender, age, region, and household net income.8 Our design is identical to our main

experiment except that we elicit different expectations in the hypothetical scenarios. In

the robustness experiment, we elicit expectations about the future federal funds rate, the

probability that the household will be borrowing-constrained in the future, and the value

of the household’s main residence under the baseline scenario of a constant Fed projection

and under the alternative scenario of a rise in the projected Fed funds rate.9

We use our robustness experiment to examine whether non-hand-to-mouth house-

holds update their expectations about future credit constraints and the value of their main

residence in response to changes in Fed projections. These expectations play an impor-

tant role in the effects of forward guidance according to influential models (Kaplan et al.,

2018; McKay et al., 2016). Table A.3 in the online appendix shows similar first stage effects

on expectations about the federal fund rate in the robustness experiment as in the main

8We apply the same sample restrictions as in the main survey to our initial sample of 478 respondents
in the robustness survey. This results in dropping 8 respondents in the top and bottom percentiles of
response time, and dropping 78 respondents providing outlier responses. We define outliers according to
respondents’ predicted federal funds rate as in the main survey (described in Section 3.3.1), and according to
whether they predict home price growth less than -90 or greater than 900 percent, or absolute differences in
expected home price growth across scenarios of more than 150 percent. See Table A.1 Panel B for summary
statistics and tests of balance across arms for the robustness survey.

9In Appendix B.2, we provide the full set of instructions.
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survey. Table 4 shows that neither respondents’ perceived likelihood of becoming credit

constrained nor their home price expectations change in response to the change in the

Fed projection. The estimated effects are close to zero, and relatively precisely estimated

given the high statistical power in our within-design.

5 Consumption counterfactuals with measured expectations

In this Section, we feed the measured expectations adjustments from Section 4 into our

model outlined in Section 2, and discuss the implied consumption changes in response to

the Fed announcement.

Expected path of federal funds rate, inflation and income The survey elicits each house-

hold’s expected path for the federal funds rate, the inflation rate, and own income under

the baseline policy announcement and under the alternative policy announcement.

Let Ei,t [rs] denote household i’s expectation in period t of the federal funds rate in

period s. Let 4Ei,t [rs] = Ea
i,t [rs]− Eb

i,t [rs] denote the difference between the expectation

under the alternative policy announcement and the expectation under the baseline pol-

icy announcement. The survey elicits each household’s expectation in quarter t=2021:Q1

of the federal funds rate at the end of five years (2021, 2022, 2023, 2026, and 2030) un-

der the two policy announcements. Hence, from the survey, one can directly compute

4Ei,t
[
r2021:Q4

]
, 4Ei,t

[
r2022:Q4

]
, 4Ei,t

[
r2023:Q4

]
, 4Ei,t

[
r2026:Q4

]
, and 4Ei,t

[
r2030:Q4

]
. We

interpolate the answers for those quarters s that we do not ask about with the following
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formula:

4Ei,t [rs] =



0

4Ei,t
[
r2021:Q4

]
4Ei,t

[
r2022:Q4

]
4Ei,t

[
r2023:Q4

]
4Ei,t

[
r2026:Q4

]
ρs−(t+39)4Ei,t

[
r2030:Q4

]

s = t, t + 1, t + 2

s = t + 3, . . . , t + 6

s = t + 7, . . . , t + 10

s = t + 11, . . . , t + 22

s = t + 23, . . . , t + 38

s ≥ t + 39

. (14)

This formula contains two assumptions. First, the difference in the expectation under

the two policy announcements starts in the quarter for which it is expressed for the first

time. Second, the effect of the announcement in 2021:Q1 on the expected federal funds

rate in quarter s converges to zero at rate ρ from quarter 2030:Q4 onwards.

Turning to inflation, let Ei,t [πs] denote household i’s expectation in period t of the

inflation rate in period s. Let4Ei,t [πs] = Ea
i,t [πs]− Eb

i,t [πs] denote the difference between

the expectation under the alternative policy announcement and the expectation under the

baseline policy announcement. The survey elicits each household’s expectation in quarter

t=2021:Q1 of the annual inflation rate over the year 2021, over the year 2022, over the year

2023, and over the period 2024-2026. We compute the expected quarterly inflation rates

with the following formula:

4Ei,t [πs] =



1
44Ei,t [π2021]

1
44Ei,t [π2022]

1
44Ei,t [π2023]

1
44Ei,t [π̄2024−2026]

ρs−(t+23) 1
44Ei,t [π̄2024−2026]

s = t, . . . , t + 3

s = t + 4, . . . , t + 7

s = t + 8, . . . , t + 11

s = t + 12, . . . , t + 23

s ≥ t + 24

. (15)

This formula also contains two assumptions. First, the household expects the price level
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to grow at a constant rate within a year and within the period 2024-2026. The expected

quarterly inflation rate thus equals (1/4) times the expected annual inflation rate. Second,

the effect of the policy announcement in quarter t=2021:Q1 on the expected inflation rate

in quarter s converges to zero at rate ρ from quarter 2026:Q4 onwards.

Turning to own nominal income, let Ei,t [yi,s] = Ei,t

[
Yi,s−Yi,t−1

Yi,t−1

]
denote household i’s

expectation in period t of the percentage difference between own nominal income in pe-

riod s and own nominal income in period t− 1. Assuming that households know their

own past nominal income, we have Ei,t [yi,s] =
Ei,t[Yi,s]−Yi,t−1

Yi,t−1
. Let 4Ei,t [yi,s] = Ea

i,t [yi,s]−

Eb
i,t [yi,s] denote the difference between the expectation under the alternative policy an-

nouncement and the expectation under the baseline policy announcement. The survey

elicits each household’s expectation in quarter t=2021:Q1 of own nominal income in the

year 2021, average own nominal income in the years 2022-2023, and average own income

in the years 2024-2026 under the two policy announcements. Hence, from the survey, one

can directly compute4Ei,t [yi,2021] =
4Ei,t[Yi,2021]

Yi,2020
,4Ei,t [ȳi,2022−2023] =

4Ei,t[Ȳi,2022−2023]
Yi,2020

, and

4Ei,t [ȳi,2024−2026] =
4Ei,t[Ȳi,2024−2026]

Yi,2020
. To arrive at expectations of quarterly own nominal

income, we use the following formula:

4Ei,t [yi,s] =



4Ei,t [yi,2021]

4Ei,t [ȳi,2022−2023]

4Ei,t [ȳi,2024−2026]

ρs−(t+23)4Ei,t [ȳi,2024−2026]

s = t, . . . , t + 3

s = t + 4, . . . , t + 11

s = t + 12, . . . , t + 23

s ≥ t + 24

. (16)

This formula contains two assumptions. First, if the household expects annual nominal

income in 2021 to be x% higher in the year 2021 than in the year 2020, then the household

expects quarterly nominal income to be x% higher in each quarter of the year. Second,

the effect of the policy announcement in quarter t=2021:Q1 on the expected own nominal

income in quarter s converges to zero at rate ρ from quarter 2026:Q4 onwards.

Finally, the expectation of own real income is determined by the expectation of own
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nominal income and the expectation of the rate of inflation

Ei,t [ỹi,s] = Ei,t [yi,s]−
s

∑
k=t

Ei,t [πk] ,

where Ei,t [ỹi,s] is the expectation of household i in period t=2021:Q1 of the percentage

difference between own real income in quarter s and own real income per quarter in

2020. The last equation implies

4Ei,t [ỹi,s] = 4Ei,t [yi,s]−
s

∑
k=t
4Ei,t [πk] , (17)

where 4Ei,t [ỹi,s] is the difference between the real income expectation under the alter-

native policy announcement and the real income expectation under the baseline policy

announcement.

Consumption response of non-hand-to-mouth anticipating no constraints For a non-

hand-to-mouth, attentive household who does not expect to be borrowing constrained in

the future, the impact of the policy announcement on consumption then equals

4ci,t =

1
Ci
Ỹi

(1− β)∑∞
s=t βs−t4Ei,t [ỹi,s]

− 1
γ β ∑∞

s=t βs−t (4Ei,t [rs]−4Ei,t [πs+1])

+ 1
Ci
Ỹi

(1− β) 1
β

B̃i
Ỹi
4Ei,t

[
b̃i,t−1

]
,

(18)

if the household has positive liquid wealth (B̃j > 0), and

4ci,t =

1
Ci
Ỹi

(1− β)∑∞
s=t βs−t4Ei,t [ỹi,s]

− 1
γ β ∑∞

s=t βs−t (4Ei,t [rs]−4Ei,t [πs+1])

+ 1
Ci
Ỹi

(1− β) 1
β

B̃i
Ỹi

(
4Ei,t

[
b̃i,t−1

]
+ ∑∞

s=t βs−t (4Ei,t [rs−1]−4Ei,t [πs])
)

,

(19)
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if the household has negative liquid wealth (B̃j < 0). The difference between these two

equations is due to the fact that expected interest income is part of expected income for

a household with positive liquid wealth, while expected interest payments are part of

expected expenditure for a household with negative liquid wealth.

Table 5 shows the cross-sectional distribution of 4ci,t computed from the survey an-

swers, assuming a quarterly discount rate of β = 0.99, an intertemporal elasticity of sub-

stitution of 1
γ = 1

2 , and no effect of the policy announcement on the expectation of past

real liquid wealth and of the past policy rate, 4Ei,t
[
b̃i,t−1

]
= 0 and 4Ei,t [rt−1] = 0. We

assume that expectation adjustments beyond the measured horizons go to zero at rate

ρ = 0.9. Moreover, we weight each respondent’s consumption growth by the respon-

dent’s overall household spending in 2020.

Panel A of Table 5 shows the consumption response among non-hand-to-mouth house-

holds attaching a zero probability to becoming credit constrained at any point until the

end of 2022, assuming that all of these households react to the Fed announcement. On

average, our model calibrated using the survey-based expectation adjustments predicts

a reduction of consumption by 0.39 percent (p < 0.05) in response to the hypothetical

increase in the projected federal funds rate in 2023 from 0.1 to 0.5 percent. This average

effect shrouds opposing effects of intertemporal substitution and changes in expected

real income. While the intertemporal substitution mechanism lowers consumption by

0.82 percentage points (p < 0.01), the income effect channel increases consumption by

approximately 0.43 percentage points (p < 0.10) and effects working through higher ex-

pected real interest payments reduce consumption by 0.001 percentage points (p < 0.10).

Panel B of Table 5 reports the average expectation adjustment assuming that the sub-

set of respondents that self-report that they usually learn about Fed announcements only

after four weeks or later (or never) would not adjust their expectations and spending at

all. Under this assumption, consumption on average decreases by 0.42 percent (p < 0.05).

While the intertemporal substitution mechanism lowers consumption by 0.69 percentage

points (p < 0.01), the income effect channel increases consumption insignificantly by

approximately 0.27 percentage points and effects working through real interest rate pay-
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ments lead to an insignificant decrease by 0.001 percentage points. Thus, consistent with

inattentive respondents not reacting to the announcement both the income and intertem-

poral substitution mechanism are smaller in absolute magnitude in Panel B. Yet, since

these two mechanisms go into opposite directions, the overall consumption response is

very similar across Panels A and B.

Table 6 highlights that our findings on the consumption adjustment of non-hand-to-

mouth households attaching a zero probability to becoming credit constrained is very

similar if we vary the rate ρ at which we assume expectation adjustments beyond the

measured horizons to go to zero.

Consumption response of non-hand-to-mouth anticipating constraints For a non-hand-

to-mouth, attentive household who expects to be borrowing constrained with probability

one in the next period, the impact of the policy announcement on consumption equals

4ci,t =

1
Ci
Ỹi

1
1+β (4Ei,t [ỹi,t] + β4Ei,t [ỹi,t+1])

− 1
γ

β
1+β (4Ei,t [rt]−4Ei,t [πt+1])

+ 1
Ci
Ỹi

β
1+β

L̃i
Ỹi
(4Ei,t [li,t+1]−4Ei,t [πt+1])

+ 1
Ci
Ỹi

1
1+β

1
β

B̃i
Ỹi
4Ei,t

[
b̃i,t−1

]
,

(20)

if the household has positive liquid wealth (B̃j > 0), and

4ci,t =

1
Ci
Ỹi

1
1+β (4Ei,t [ỹi,t] + β4Ei,t [ỹi,t+1])

− 1
γ

β
1+β (4Ei,t [rt]−4Ei,t [πt+1])

+ 1
Ci
Ỹi

β
1+β

L̃i
Ỹi
(4Ei,t [li,t+1]−4Ei,t [πt+1])

+ 1
Ci
Ỹi

1
1+β

1
β

B̃i
Ỹi

(
4Ei,t

[
b̃i,t−1

]
+ ∑t+1

s=t βs−t (4Ei,t [rs−1]−4Ei,t [πs])
)

,

(21)

if the household has negative liquid wealth (B̃j < 0). The only difference between these

two equations is a small difference in the last term and is due to the fact that expected
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interest income is part of expected income for a household with positive liquid wealth,

while expected interest payments are part of expected expenditure for a household with

negative liquid wealth.

Table 7 shows the cross-sectional distribution of 4ci,t computed from the survey an-

swers, assuming a quarterly discount rate of β = 0.99, an intertemporal elasticity of sub-

stitution of 1
γ = 1

2 , and no effect of the policy announcement on the expectation of past

real liquid wealth and of the past policy rate, 4Ei,t
[
b̃i,t−1

]
= 0 and 4Ei,t [rt−1] = 0. In

addition, we assume no differential effect of the two policy announcements on the expec-

tation of the nominal borrowing limit, 4Ei,t [li,t+1] = 0, implying that deflationary ex-

pectations raise the expectation of the real value of the borrowing limit. We again weight

each respondent’s consumption growth by the respondent’s overall household spending

in 2020.

The table shows the consumption responses of non-hand-to-mouth households at-

taching a positive probability to becoming credit constrained until the end of 2022 for

two corner cases. Panel A shows the consumption responses of these households if they

behaved as if the probability of becoming credit constrained was zero. Panel B shows the

consumption responses if they behaved as if the probability of becoming constrained was

100% already in t + 1 (using the derivations above). These two can be thought of as cor-

ner cases that should give a broad idea about where the overall consumption response of

these households might be. Both panels assume that all households in this group adjust

their expectations and consumption.

Panel A shows that if these households behaved as if they perceived a zero percent

chance of being constrained, they would increase consumption by 0.54 percent (p < 0.05).

The positive overall response is driven by large expected real income effects of 1.76 per-

cent (p < 0.01) and somewhat smaller intertemporal substitution effects of -1.21 percent

(p < 0.01). Panel B highlights that if these households behaved as if they knew with

certainty that they will become credit constrained in the next period, they would re-

duce consumption by an insignificant 0.02 percent. The muted overall response masks

intertemporal substitution effects of -0.02 percent (p < 0.01), insignificant real income ef-
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fects of -0.11 percent, and effects working through higher expected interest payments on

debt of 0.01 percent (p < 0.01), which are balanced by positive effects working through a

higher expected real credit limit of 0.13 percent (p < 0.01).

Table A.7 highlights insignificant overall consumption increases by 0.31 percent or by

0.12 percent for the two corner cases if we assume that among the group of non-hand-to-

mouth households anticipating credit constraints only those who report to typically learn

about Fed announcements within four weeks or less react.

Overall direct consumption effects from expectations adjustments We can use the es-

timates for the groups of non-hand-to-mouth households attaching a zero probability to

future credit constraints (48 percent of the sample) and of non-hand-to-mouth house-

holds perceiving a strictly positive probability of such constraints (25 percent of the sam-

ple) to obtain an estimate of the overall direct consumption effects from expectations

adjustments in response to the policy announcement. For this exercise we assume that

those predicting a positive probability of constraints behave as if they faced a 100 percent

chance of constraints in the next period. The overall consumption response is given by

the following formula:

4c̄t = Fraction HTMt × 0 (22)

+ Fraction non-HTM 0% constr.t ×4c̄unconstr
t

+ Fraction non-HTM >0% constr.t ×4c̄constr
t

If all non-hand-to-mouth households react, the overall consumption response is given

by:

4c̄t = 0.27× 0 (23)

+ 0.48× (−0.394)

+ 0.25× (−0.021)

= −0.194

If only those non-hand-to-mouth households who typically learn about Fed announce-
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ments within four weeks react, the overall consumption response is given by:

4c̄t = 0.27× 0 (24)

+ 0.48× (−0.417)

+ 0.25× (0.117)

= −0.171

Thus the overall average consumption response due to the expectation adjustment

in response to the increase in the projection about the 2023 federal funds rate will be -

0.194 percent if all non-hand-to-mouth households react, and -0.171 if only those who are

attentive to Fed announcements react.

Further discussion In addition to these effects working through expectation adjust-

ments, there could be additional effects if households’ incomes decrease in response to

lower consumption due to the expectation adjustment. Such effects could affect the con-

sumption response of non-hand-to-mouth households, and also lead to a consumption

response among hand-to-mouth households. However, if the reduced consumption is

mostly reflected in an increase in inventories and lower capacity utilization of capital and

labor, such income effects will be small. Moreover, there could be additional adjustments

in expectations, which have further effects on non-hand-to-mouth households’ consump-

tion. However, given that in the short-term no new data (e.g. on GDP) will become

available, such additional expectation adjustments should only matter in the medium-

term.

6 Conclusion

We study the effects of forward guidance combining a model with experimentally es-

timated adjustments of expectations. Informed by the model, we conduct experiments

with representative samples of the US population to study how households adjust their

expectations in response to changes in the Fed’s projections about future interest rates.
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Respondents significantly downward adjust their inflation expectations in response to

learning about an increase in the Fed’s projection about the federal funds rate three years

in the future, and they expect inflation to respond most strongly immediately after the

announcement. By contrast, respondents do not adjust their nominal income expecta-

tions. Our model-based estimates highlight a small average consumption response to

forward guidance due to opposing effects from intertemporal substitution and changes

in expected real income.

Our approach of calibrating theoretical models based on tailored survey-based adjust-

ments of expectations has many potential applications. In particular, our approach would

be well-suited to study the consumption response to other policies, such as fiscal policy

measures that aim to change income expectations and which may also alter inflation ex-

pectations.
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Main figures

Figure 1: Perceived probability of being credit constrained
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Notes: This figure displays histograms of respondents’ perceived probability of being credit constrained at
any point in time over the indicated horizons. The sample is restricted to non-hand-to-mouth households.

Figure 2: Time until learned about Fed announcements or stock market reaction
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Panel A: Fed announcements
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Panel B: Stock market reaction

Notes: This figure displays histograms of respondents’ estimates of the time it typically takes until they
hear about Fed announcements (Panel A) or the stock market reaction to such announcements (Panel B).
The sample is restricted to non-hand-to-mouth households.
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Main tables

Table 1: Reduced-form results: Adjustment of expectations about federal funds rate
∆ Expected federal funds rate

(percentage points)

(1) (2) (3) (4) (5)
2021 2022 2023 2026 2030

Panel A: Pooled

Mean expectation adjustment 0.049∗∗∗ 0.076∗∗∗ 0.189∗∗∗ 0.032 0.001
(0.012) (0.014) (0.018) (0.024) (0.027)

Panel B: By arm

Change endogenous (a) 0.048∗∗ 0.093∗∗∗ 0.179∗∗∗ 0.079∗ 0.050
(0.024) (0.026) (0.029) (0.043) (0.051)

Change no explanation (b) 0.016 0.034 0.148∗∗∗ -0.009 0.005
(0.021) (0.023) (0.034) (0.043) (0.049)

Change exogenous (c) 0.057∗∗∗ 0.092∗∗∗ 0.218∗∗∗ 0.073 0.072
(0.022) (0.028) (0.040) (0.049) (0.054)

Change exogenous stocks (d) 0.072∗∗ 0.084∗∗∗ 0.210∗∗∗ -0.016 -0.113∗

(0.030) (0.032) (0.042) (0.053) (0.062)

p-value(a=b) 0.318 0.089 0.479 0.151 0.532
p-value(b=c) 0.169 0.116 0.182 0.208 0.363
p-value(a=c) 0.765 0.967 0.439 0.926 0.767
p-value(c=d) 0.693 0.851 0.893 0.216 0.025

R-squared 0.01 0.02 0.07 0.00 0.01

SD expectation adjustment 0.45 0.51 0.68 0.87 1.01
Observations 1,357 1,357 1,357 1,357 1,357

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s own expectations about the federal
funds rate at different horizons. Panel A shows results pooling across the four arms. Panel B shows results
separately for each of the four arms providing respondents with different reasons for the change in the Fed’s
projections. Arm “Change endogenous” attributes the change in the Fed’s projections to a change in the
Fed’s broader economic outlook. Arm “Change no explanation” does not give an explanation for the change
in projections. Arm “Change exogenous” attributes the change in the Fed’s projections to a change in the
composition of the Fed’s committee before the next meeting. Arm “Change exogenous stocks” features the
same explanation as “Change exogenous” and in addition explains that the stock market drops by 1 percent
in response to the Fed’s projections. The sample is restricted to non-hand-to-mouth households. Robust
standard errors are in parentheses. * denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table 2: Reduced-form results: Adjustment of expectations about inflation and nominal
income growth

∆ Expected inflation rate
(percentage points)

∆ Expected cumulative
income growth

(percentage points)

(1) (2) (3) (4) (5) (6) (7)
2021 2022 2023 2024-26 2021 2022-23 2024-26

Panel A: Pooled

Mean expectation adjustment -0.250∗∗∗ -0.184∗∗∗ -0.044 -0.139∗∗∗ -0.057 0.062 -0.157
(0.024) (0.028) (0.036) (0.040) (0.163) (0.173) (0.198)

Panel B: By arm

Change endogenous (a) -0.192∗∗∗ -0.157∗∗∗ -0.033 -0.076 0.287 0.438 0.373
(0.044) (0.052) (0.073) (0.077) (0.318) (0.363) (0.434)

Change no explanation (b) -0.333∗∗∗ -0.249∗∗∗ -0.120∗ -0.178∗∗ -0.758∗∗ -0.785∗∗ -0.998∗∗

(0.046) (0.055) (0.069) (0.081) (0.303) (0.319) (0.392)

Change exogenous (c) -0.215∗∗∗ -0.132∗∗ -0.031 -0.196∗∗ 0.465 0.642∗ 0.173
(0.047) (0.058) (0.078) (0.082) (0.352) (0.343) (0.396)

Change exogenous stocks (d) -0.265∗∗∗ -0.197∗∗∗ 0.001 -0.120 -0.229 -0.059 -0.222
(0.053) (0.059) (0.069) (0.078) (0.324) (0.343) (0.352)

p-value(a=b) 0.028 0.224 0.389 0.360 0.018 0.011 0.019
p-value(b=c) 0.071 0.148 0.395 0.871 0.009 0.002 0.036
p-value(a=c) 0.726 0.756 0.986 0.283 0.707 0.683 0.733
p-value(c=d) 0.475 0.435 0.762 0.502 0.147 0.149 0.455

R-squared 0.08 0.03 0.00 0.01 0.01 0.01 0.01

SD expectation adjustment 0.88 1.03 1.33 1.46 5.99 6.36 7.30
Observations 1,357 1,357 1,357 1,357 1,357 1,357 1,357

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s expectations about inflation and the cu-
mulative growth of nominal household net income compared to 2020 at different horizons. Panel A shows
results pooling across the four arms. Panel B shows results separately for each of the four arms providing
respondents with different reasons for the change in the Fed’s projections. Arm “Change endogenous”
attributes the change in the Fed’s projections to a change in the Fed’s broader economic outlook. Arm
“Change no explanation” does not give an explanation for the change in projections. Arm “Change exoge-
nous” attributes the change in the Fed’s projections to a change in the composition of the Fed’s committee
before the next meeting. Arm “Change exogenous stocks” features the same explanation as “Change exoge-
nous” and in addition explains that the stock market drops by 1 percent in response to the Fed’s projections.
The sample is restricted to non-hand-to-mouth households. Robust standard errors are in parentheses. *
denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table 3: Reduced-form results: Adjustment of expectations about real income growth
∆ Expected cumulative

real income growth
(percentage points)

(1) (2) (3)
2021 2022-23 2024-26

Panel A: Pooled

Mean expectation adjustment 0.193 0.518∗∗∗ 0.600∗∗

(0.164) (0.183) (0.248)
Panel B: By arm

Change endogenous (a) 0.479 0.803∗∗ 0.906∗

(0.319) (0.378) (0.515)

Change no explanation (b) -0.425 -0.144 0.058
(0.309) (0.342) (0.514)

Change exogenous (c) 0.680∗ 1.004∗∗∗ 0.943∗

(0.356) (0.378) (0.502)

Change exogenous stocks (d) 0.036 0.403 0.479
(0.329) (0.355) (0.455)

p-value(a=b) 0.042 0.064 0.244
p-value(b=c) 0.019 0.024 0.218
p-value(a=c) 0.674 0.706 0.958
p-value(c=d) 0.184 0.246 0.493

R-squared 0.01 0.01 0.01

SD expectation adjustment 6.06 6.72 9.15
Observations 1,357 1,357 1,357

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s expectations about the cumulative
growth of real household net income compared to 2020 at different horizons. Expected real income growth
is constructed from the respondents’ expectations about nominal income growth and about inflation. Panel
A shows results pooling across the four arms. Panel B shows results separately for each of the four arms
providing respondents with different reasons for the change in the Fed’s projections. Arm “Change endoge-
nous” attributes the change in the Fed’s projections to a change in the Fed’s broader economic outlook. Arm
“Change no explanation” does not give an explanation for the change in projections. Arm “Change exoge-
nous” attributes the change in the Fed’s projections to a change in the composition of the Fed’s committee
before the next meeting. Arm “Change exogenous stocks” features the same explanation as “Change exoge-
nous” and in addition explains that the stock market drops by 1 percent in response to the Fed’s projections.
The sample is restricted to non-hand-to-mouth households. Robust standard errors are in parentheses. *
denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table 4: Robustness experiment: Adjustment of expectations about nominal home value
growth and probability of being credit constrained

∆ Expected probability
credit constrained

(percentage points)

∆ Expected cumulative
home value growth
(percentage points)

(1) (2) (3) (4)
2021 2021-22 2021-26 2023

Panel A: Pooled

Mean expectation adjustment 0.025 0.516 0.240 0.284
(0.659) (0.811) (0.527) (1.217)

Panel B: By arm

Change endogenous (a) -0.372 0.006 -0.018 -0.958
(0.746) (1.005) (0.568) (2.342)

Change no explanation (b) 0.811 2.711 0.735 2.559
(1.579) (2.132) (1.731) (2.713)

Change exogenous (c) -1.289 -1.094 -0.432 1.220
(1.557) (1.910) (0.849) (2.401)

Change exogenous stocks (d) 1.299 1.065 0.867 -1.561
(1.097) (1.065) (0.997) (2.292)

p-value(a=b) 0.499 0.252 0.680 0.327
p-value(b=c) 0.344 0.185 0.545 0.712
p-value(a=c) 0.596 0.611 0.686 0.517
p-value(c=d) 0.175 0.324 0.322 0.403

R-squared 0.01 0.01 0.00 0.01

SD expectation adjustment 11.38 14.00 9.09 21.01
Observations 298 298 298 298

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s expectations about the cumulative
growth of the nominal value of their main residence until 2023 compared to 2020 and the probability of
becoming credit constrained over different horizons. Panel A shows results pooling across the four arms.
Panel B shows results separately for each of the four arms providing respondents with different reasons
for the change in the Fed’s projections. Arm “Change endogenous” attributes the change in the Fed’s
projections to a change in the Fed’s broader economic outlook. Arm “Change no explanation” does not give
an explanation for the change in projections. Arm “Change exogenous” attributes the change in the Fed’s
projections to a change in the composition of the Fed’s committee before the next meeting. Arm “Change
exogenous stocks” features the same explanation as “Change exogenous” and in addition explains that the
stock market drops by 1 percent in response to the Fed’s projections. The sample is restricted to non-hand-
to-mouth households in the robustness experiment. Robust standard errors are in parentheses. * denotes
significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table 5: Model-based results: Predicted consumption response to interest rate announce-
ment among non-hand-to-mouth households with zero perceived chance of credit con-
straints

Predicted consumption response (percent)

Mean Median SD p10 p25 p75 p90 N

Panel A: All non-HTM react:

Overall response among non-HTM -0.394∗∗ -0.55 4.41 -5.63 -2.29 1.79 5.29 895
(0.179)

- Real income effects 0.430∗ -0.05 6.19 -6.49 -2.54 2.54 10.60 895
(0.245)

- Intertemporal substitution effects -0.823∗∗∗ -0.34 3.61 -6.28 -2.18 0.83 3.17 895
(0.141)

- Effects from interest payments -0.001∗ 0.00 0.02 0.00 0.00 0.00 0.00 895
(0.001)

Panel B: Only attentive non-HTM react:

Overall response among non-HTM -0.417∗∗ -0.06 4.06 -5.11 -2.01 1.19 4.51 895
(0.168)

- Real income effects 0.269 0.00 5.69 -5.86 -1.77 1.59 8.42 895
(0.229)

- Intertemporal substitution effects -0.685∗∗∗ -0.08 3.32 -5.59 -1.44 0.50 2.67 895
(0.131)

- Effects from interest payments -0.001 0.00 0.02 0.00 0.00 0.00 0.00 895
(0.001)

Notes: This table shows the immediate consumption responses to the hypothetical increase in the Fed’s
projection of the future federal funds rate at the end of 2023 from 0.1 to 0.5 percent according to the model,
which is calibrated using the survey-based changes in expectations. The table focuses on consumption
responses of non-hand-to-mouth households with a zero perceived probability of being credit constrained
at some point until the end of 2022. We assume effects on expectations to converge to zero at a quarterly
rate ρ = 0.9 for horizons beyond those measured in the survey. In Panel A all of the included households
are assumed to react. In Panel B only those included households who report that they typically learn about
Fed announcements within four weeks (68 percent) are assumed to react, while the consumption response
is set to zero among those included households that report that it typically takes longer than four weeks
or that they typically never hear about Fed announcements (32 percent). Each of the three terms of the
consumption response is winsorized at -15 percent and 15 percent. The overall consumption response is
the sum of the winsorized individual terms. All statistics are weighted by the respondents’ total household
spending in 2020. Robust standard errors are in parentheses. * denotes significance at 10 pct., ** at 5 pct.,
and *** at 1 pct. level.

45



Table 6: Model-based results: Predicted consumption response to interest rate announce-
ment among non-hand-to-mouth households with zero perceived chance of credit con-
straints: Different values of ρ

Predicted consumption response (percent)

Mean Median SD p10 p25 p75 p90 N

All non-HTM react:
ρ = 0.1:
Overall response among non-HTM -0.416∗∗∗ -0.60 3.80 -4.76 -2.08 1.40 4.35 895

(0.153)
- Real income effects 0.250 -0.07 5.50 -5.55 -2.15 2.14 8.51 895

(0.217)
- Intertemporal substitution effects -0.666∗∗∗ -0.33 3.07 -5.06 -1.91 0.75 2.79 895

(0.120)
ρ = 0.5:
Overall response among non-HTM -0.410∗∗∗ -0.59 3.87 -4.88 -2.09 1.43 4.48 895

(0.156)
- Real income effects 0.273 -0.07 5.58 -5.66 -2.21 2.15 8.69 895

(0.220)
- Intertemporal substitution effects -0.683∗∗∗ -0.34 3.12 -5.16 -1.95 0.77 2.79 895

(0.122)
ρ = 0.8:
Overall response among non-HTM -0.399∗∗ -0.55 4.09 -5.11 -2.21 1.55 5.01 895

(0.165)
- Real income effects 0.339 -0.09 5.83 -6.07 -2.42 2.37 9.47 895

(0.230)
- Intertemporal substitution effects -0.738∗∗∗ -0.33 3.30 -5.54 -1.95 0.81 2.90 895

(0.129)
ρ = 0.9:
Overall response among non-HTM -0.394∗∗ -0.55 4.41 -5.63 -2.29 1.79 5.29 895

(0.179)
- Real income effects 0.430∗ -0.05 6.19 -6.49 -2.54 2.54 10.60 895

(0.245)
- Intertemporal substitution effects -0.823∗∗∗ -0.34 3.61 -6.28 -2.18 0.83 3.17 895

(0.141)
ρ = 0.95:
Overall response among non-HTM -0.437∗∗ -0.50 4.91 -6.19 -2.61 2.06 5.61 895

(0.200)
- Real income effects 0.538∗∗ -0.06 6.72 -7.34 -2.75 3.01 12.52 895

(0.267)
- Intertemporal substitution effects -0.973∗∗∗ -0.36 4.21 -7.65 -2.38 0.97 3.58 895

(0.163)
Notes: This table shows the immediate consumption responses to the hypothetical increase in the Fed’s
projection of the future federal funds rate at the end of 2023 from 0.1 to 0.5 percent according to the model,
which is calibrated using the survey-based changes in expectations. The table focuses on consumption
responses of non-hand-to-mouth households with a zero perceived probability of being credit constrained
at some point until the end of 2022. The table varies the quarterly rate ρ at which we assume effects on
expectations to converge to zero for horizons beyond those measured in the survey. Throughout, all of
the included households are assumed to react. Each of the three terms of the consumption response is
winsorized at -15 percent and 15 percent. The overall consumption response is the sum of the winsorized
individual terms. All statistics are weighted by the respondents’ total household spending in 2020. Robust
standard errors are in parentheses. * denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table 7: Model-based results: Predicted consumption response to interest rate announce-
ment among non-hand-to-mouth households with positive perceived chance of credit
constraints (corner cases)

Predicted consumption response (percent)

Mean Median SD p10 p25 p75 p90 N

Panel A: Assume 0% ever constrained:

Overall response 0.537∗∗ 0.01 4.83 -5.15 -1.88 3.50 6.32 462
(0.254)

- Real income effects 1.756∗∗∗ 0.02 6.84 -5.82 -1.63 5.67 12.90 462
(0.361)

- Intertemporal substitution effects -1.216∗∗∗ -0.21 4.39 -7.10 -3.42 0.77 3.62 462
(0.233)

- Effects from interest payments -0.003 0.00 0.04 -0.00 0.00 0.00 0.00 462
(0.002)

Panel B: Assume 100% constrained in t+1:

Overall response -0.021 0.00 5.26 -4.70 -0.18 0.76 4.16 462
(0.308)

- Real income effects -0.114 0.00 5.21 -4.78 -0.15 0.65 4.12 462
(0.306)

- Intertemporal substitution effects -0.024∗∗∗ 0.00 0.06 -0.12 -0.06 0.00 0.02 462
(0.003)

- Effects from real credit limit 0.131∗∗∗ 0.00 0.70 -0.04 0.00 0.05 0.39 462
(0.045)

- Effects from interest payments -0.014∗∗∗ 0.00 0.10 0.00 0.00 0.00 0.00 462
(0.005)

Notes: This table shows the immediate consumption responses to the hypothetical increase in the Fed’s
projection of the future federal funds rate at the end of 2023 from 0.1 to 0.5 percent according to the model,
which is calibrated using the survey-based changes in expectations. The table focuses on consumption re-
sponses of non-hand-to-mouth households with a positive perceived probability of being credit constrained
at some point until the end of 2022. We assume effects on expectations to converge to zero at a quarterly
rate ρ = 0.9 for horizons beyond those measured in the survey. Panel A shows model-based predicted
consumption responses if these households never expected to become credit constrained. Panel B shows
model-based predicted consumption responses if these households perceived a 100% chance of becoming
credit constrained in period t+1 (i.e. one quarter after the survey). In both panels, all of the included house-
holds are assumed to react, independently of their self-reported attention to Fed announcements. Each of
the three terms of the consumption response (four terms in Panel B) is winsorized at -15 percent and 15
percent. The overall consumption response is the sum of the winsorized individual terms. All statistics are
weighted by the respondents’ total household spending in 2020. Robust standard errors are in parentheses.
* denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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A Additional tables

Table A.1: Summary statistics and balance check
ACS Online Sample

(1) (2) (3) (4) (5) (6) (7) (8) (9)

2019
Mean

Full
Sample
Mean

Full
Sample
Median

Full
Sample

SD

Change
endo-

genous
Mean

Change
no expla-

nation
Mean

Change
exo-

genous
Mean

Change
exog.
stocks
Mean

p-value
(5) = (6) =
(7) = (8)

Panel A: Main experiment

Female 0.51 0.51 1.00 0.50 0.48 0.54 0.51 0.50 0.426
Age 47.78 52.60 60.00 15.23 51.36 52.59 53.95 52.63 0.082
At least bachelor’s degree 0.31 0.41 0.00 0.49 0.40 0.40 0.39 0.42 0.876
Log(Household net income) 11.06 11.06 11.13 0.81 11.13 11.03 11.00 11.09 0.239
Northeast 0.17 0.19 0.00 0.39 0.22 0.19 0.19 0.17 0.363
Midwest 0.21 0.28 0.00 0.45 0.24 0.30 0.29 0.28 0.180
South 0.38 0.31 0.00 0.46 0.31 0.30 0.29 0.34 0.460
West 0.24 0.22 0.00 0.41 0.23 0.20 0.23 0.21 0.647

Main earner employed 0.62 1.00 0.48 0.65 0.62 0.59 0.63 0.366
Log(Household liquid wealth) 9.61 9.77 2.85 9.59 9.54 9.67 9.64 0.913
Log(Household credit card debt) 2.14 0.00 3.62 2.16 2.12 2.08 2.19 0.969
Prob. credit constrained 2021-22 15.68 0.00 29.68 16.48 16.25 15.78 14.27 0.656

Observations 1,854 1,854 1,854 490 441 439 484
Panel B: Robustness experiment

Female 0.51 0.52 1.00 0.50 0.58 0.44 0.46 0.59 0.071
Age 47.78 51.60 50.00 15.79 50.98 52.56 51.47 51.54 0.927
At least bachelor’s degree 0.31 0.31 0.00 0.47 0.33 0.32 0.34 0.26 0.585
Log(Household net income) 11.06 10.77 10.98 1.41 10.84 10.85 10.90 10.92 0.455
Northeast 0.17 0.20 0.00 0.40 0.16 0.21 0.23 0.19 0.603
Midwest 0.21 0.20 0.00 0.40 0.16 0.21 0.19 0.24 0.514
South 0.38 0.40 0.00 0.49 0.45 0.41 0.34 0.43 0.341
West 0.24 0.20 0.00 0.40 0.23 0.17 0.25 0.14 0.169

Main earner employed 0.56 1.00 0.50 0.61 0.54 0.55 0.54 0.707
Log(Household liquid wealth) 9.26 9.77 2.89 9.15 9.22 9.45 9.20 0.881
Log(Household credit card debt) 2.46 0.00 3.69 2.69 2.34 2.20 2.64 0.742

Observations 392 392 392 95 84 113 100

Notes: This table shows summary statistics for the main experiment (Panel A) and for the robustness exper-
iment (Panel B). The p-value in Column 9 refers to the null hypothesis that the means across the fours arms
in Columns 5-8 are equal.
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Table A.2: Numbers of respondents in different groups
Number of respondents

Learn
≤4 weeks

Learn
>4 weeks

Learn
never All

HTM at credit limit 101 12 43 156

HTM at zero kink 236 45 60 341

Non-HTM 0% chance constrained 742 42 111 895

Non-HTM > 0% chance constrained 357 67 38 462

All 1,436 166 252 1,854
Notes: This table shows the numbers of respondents in different groups according to hand-to-mouth-status,
the perceived probability of being credit constrained at some point until the end of 2022, and the time it
typically takes until the respondent learns about Fed announcements.
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Table A.3: Robustness experiment: Adjustment of expectations about federal funds rate
∆ Expected federal funds rate

(percentage points)

(1) (2) (3) (4) (5)
2021 2022 2023 2026 2030

Panel A: Pooled

Mean expectation adjustment 0.064∗∗ 0.066∗ 0.176∗∗∗ 0.022 -0.024
(0.027) (0.033) (0.037) (0.049) (0.059)

Panel B: By arm

Change endogenous (a) 0.103 0.101 0.263∗∗ 0.188 0.231∗

(0.091) (0.112) (0.103) (0.123) (0.135)

Change no explanation (b) 0.032 0.004 0.134∗∗∗ -0.041 -0.056
(0.032) (0.035) (0.040) (0.085) (0.095)

Change exogenous (c) 0.052 0.039 0.092 -0.017 -0.066
(0.044) (0.051) (0.068) (0.093) (0.102)

Change exogenous stocks (d) 0.069∗∗∗ 0.115∗∗∗ 0.226∗∗∗ -0.037 -0.189
(0.022) (0.044) (0.062) (0.082) (0.127)

p-value(a=b) 0.461 0.410 0.247 0.126 0.083
p-value(b=c) 0.700 0.572 0.594 0.846 0.943
p-value(a=c) 0.618 0.616 0.168 0.184 0.080
p-value(c=d) 0.732 0.260 0.147 0.871 0.452

R-squared 0.02 0.02 0.08 0.01 0.02

SD expectation adjustment 0.46 0.58 0.63 0.84 1.01
Observations 298 298 298 298 298

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s own expectations about the federal
funds rate at different horizons. Panel A shows results pooling across the four arms. Panel B shows results
separately for each of the four arms providing respondents with different reasons for the change in the Fed’s
projections. Arm “Change endogenous” attributes the change in the Fed’s projections to a change in the
Fed’s broader economic outlook. Arm “Change no explanation” does not give an explanation for the change
in projections. Arm “Change exogenous” attributes the change in the Fed’s projections to a change in the
composition of the Fed’s committee before the next meeting. Arm “Change exogenous stocks” features
the same explanation as “Change exogenous” and in addition explains that the stock market drops by 1
percent in response to the Fed’s projections. The sample is restricted to non-hand-to-mouth households in
the robustness experiment. Robust standard errors are in parentheses. * denotes significance at 10 pct., **
at 5 pct., and *** at 1 pct. level.
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Table A.4: Reduced-form results among respondents that are attentive to Fed announce-
ments: Adjustment of expectations about federal funds rate

∆ Expected federal funds rate
(percentage points)

(1) (2) (3) (4) (5)
2021 2022 2023 2026 2030

Panel A: Pooled

Mean expectation adjustment 0.056∗∗∗ 0.078∗∗∗ 0.196∗∗∗ 0.040 0.023
(0.013) (0.015) (0.021) (0.026) (0.030)

Panel B: By arm

Change endogenous (a) 0.032 0.087∗∗∗ 0.158∗∗∗ 0.056 0.067
(0.028) (0.030) (0.035) (0.050) (0.057)

Change no explanation (b) 0.024 0.033 0.155∗∗∗ 0.006 0.037
(0.020) (0.023) (0.037) (0.047) (0.057)

Change exogenous (c) 0.069∗∗∗ 0.097∗∗∗ 0.234∗∗∗ 0.087∗ 0.082
(0.023) (0.030) (0.045) (0.051) (0.056)

Change exogenous stocks (d) 0.097∗∗∗ 0.092∗∗∗ 0.236∗∗∗ 0.015 -0.083
(0.030) (0.035) (0.047) (0.056) (0.066)

p-value(a=b) 0.811 0.155 0.954 0.472 0.706
p-value(b=c) 0.137 0.095 0.174 0.248 0.572
p-value(a=c) 0.300 0.815 0.179 0.668 0.854
p-value(c=d) 0.469 0.916 0.973 0.338 0.057

R-squared 0.02 0.03 0.08 0.00 0.01

SD expectation adjustment 0.43 0.50 0.69 0.86 0.99
Observations 1,099 1,099 1,099 1,099 1,099

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s own expectations about the federal
funds rate at different horizons. Panel A shows results pooling across the four arms. Panel B shows results
separately for each of the four arms providing respondents with different reasons for the change in the Fed’s
projections. Arm “Change endogenous” attributes the change in the Fed’s projections to a change in the
Fed’s broader economic outlook. Arm “Change no explanation” does not give an explanation for the change
in projections. Arm “Change exogenous” attributes the change in the Fed’s projections to a change in the
composition of the Fed’s committee before the next meeting. Arm “Change exogenous stocks” features the
same explanation as “Change exogenous” and in addition explains that the stock market drops by 1 percent
in response to the Fed’s projections. The sample is restricted to non-hand-to-mouth households who report
that they typically learn about Fed announcements within four weeks or less. Robust standard errors are
in parentheses. * denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table A.5: Reduced-form results among respondents that are attentive to Fed announce-
ments: Adjustment of expectations about inflation and nominal income growth

∆ Expected inflation rate
(percentage points)

∆ Expected cumulative
income growth

(percentage points)

(1) (2) (3) (4) (5) (6) (7)
2021 2022 2023 2024-26 2021 2022-23 2024-26

Panel A: Pooled

Mean expectation adjustment -0.205∗∗∗ -0.137∗∗∗ 0.016 -0.084∗ -0.012 0.130 -0.087
(0.026) (0.031) (0.040) (0.043) (0.190) (0.196) (0.222)

Panel B: By arm

Change endogenous (a) -0.121∗∗ -0.080 0.070 0.006 0.266 0.423 0.517
(0.049) (0.056) (0.084) (0.085) (0.393) (0.442) (0.490)

Change no explanation (b) -0.311∗∗∗ -0.217∗∗∗ -0.081 -0.120 -0.632∗ -0.688∗∗ -0.742∗

(0.051) (0.062) (0.076) (0.090) (0.341) (0.344) (0.442)

Change exogenous (c) -0.169∗∗∗ -0.086 0.027 -0.134 0.577 0.897∗∗ 0.261
(0.050) (0.062) (0.083) (0.086) (0.415) (0.393) (0.461)

Change exogenous stocks (d) -0.223∗∗∗ -0.165∗∗∗ 0.041 -0.094 -0.247 -0.102 -0.393
(0.056) (0.064) (0.076) (0.084) (0.367) (0.374) (0.381)

p-value(a=b) 0.008 0.102 0.182 0.307 0.084 0.048 0.057
p-value(b=c) 0.048 0.137 0.337 0.913 0.025 0.002 0.117
p-value(a=c) 0.497 0.937 0.715 0.245 0.586 0.423 0.704
p-value(c=d) 0.475 0.376 0.901 0.739 0.137 0.066 0.274

R-squared 0.06 0.02 0.00 0.00 0.01 0.01 0.00

SD expectation adjustment 0.86 1.02 1.32 1.43 6.31 6.51 7.37
Observations 1,099 1,099 1,099 1,099 1,099 1,099 1,099

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s expectations about inflation and the cu-
mulative growth of nominal household net income compared to 2020 at different horizons. Panel A shows
results pooling across the four arms. Panel B shows results separately for each of the four arms providing
respondents with different reasons for the change in the Fed’s projections. Arm “Change endogenous”
attributes the change in the Fed’s projections to a change in the Fed’s broader economic outlook. Arm
“Change no explanation” does not give an explanation for the change in projections. Arm “Change exoge-
nous” attributes the change in the Fed’s projections to a change in the composition of the Fed’s committee
before the next meeting. Arm “Change exogenous stocks” features the same explanation as “Change exoge-
nous” and in addition explains that the stock market drops by 1 percent in response to the Fed’s projections.
The sample is restricted to non-hand-to -mouth households who report that they typically learn about Fed
announcements within four weeks or less. Robust standard errors are in parentheses. * denotes significance
at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table A.6: Reduced-form results among respondents that are attentive to Fed announce-
ments: Adjustment of expectations about real income growth

∆ Expected cumulative
real income growth
(percentage points)

(1) (2) (3)
2021 2022-23 2024-26

Panel A: Pooled

Mean expectation adjustment 0.193 0.463∗∗ 0.406
(0.192) (0.207) (0.274)

Panel B: By arm

Change endogenous (a) 0.387 0.589 0.635
(0.394) (0.459) (0.568)

Change no explanation (b) -0.322 -0.120 0.107
(0.349) (0.367) (0.580)

Change exogenous (c) 0.746∗ 1.139∗∗∗ 0.757
(0.421) (0.433) (0.556)

Change exogenous stocks (d) -0.024 0.265 0.141
(0.371) (0.384) (0.492)

p-value(a=b) 0.178 0.228 0.515
p-value(b=c) 0.051 0.027 0.418
p-value(a=c) 0.534 0.384 0.878
p-value(c=d) 0.170 0.131 0.407

R-squared 0.00 0.01 0.00

SD expectation adjustment 6.38 6.86 9.07
Observations 1,099 1,099 1,099

Notes: This table shows the effect of the hypothetical increase in the Fed’s projection of the future federal
funds rate at the end of 2023 from 0.1 to 0.5 percent on respondent’s expectations about the cumulative
growth of real household net income compared to 2020 at different horizons. Expected real income growth
is constructed from the respondents’ expectations about nominal income growth and about inflation. Panel
A shows results pooling across the four arms. Panel B shows results separately for each of the four arms
providing respondents with different reasons for the change in the Fed’s projections. Arm “Change endoge-
nous” attributes the change in the Fed’s projections to a change in the Fed’s broader economic outlook. Arm
“Change no explanation” does not give an explanation for the change in projections. Arm “Change exoge-
nous” attributes the change in the Fed’s projections to a change in the composition of the Fed’s committee
before the next meeting. Arm “Change exogenous stocks” features the same explanation as “Change exoge-
nous” and in addition explains that the stock market drops by 1 percent in response to the Fed’s projections.
The sample is restricted to non-hand-to-mouth households who report that they typically learn about Fed
announcements within four weeks or less. Robust standard errors are in parentheses. * denotes significance
at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Table A.7: Model-based results: Predicted consumption response to interest rate an-
nouncement among non-hand-to-mouth households with positive perceived chance of
credit constraints (corner cases): Only attentive households

Predicted consumption response (percent)

Mean Median SD p10 p25 p75 p90 N

Panel A: Assume 0% ever constrained:

Overall response 0.314 0.00 4.39 -4.40 -1.30 2.01 5.53 462
(0.230)

- Real income effects 1.102∗∗∗ 0.00 5.99 -4.99 -0.68 3.13 10.97 462
(0.309)

- Intertemporal substitution effects -0.786∗∗∗ 0.00 3.75 -6.07 -1.63 0.25 2.73 462
(0.196)

- Effects from interest payments -0.001 0.00 0.03 -0.00 0.00 0.00 0.00 462
(0.001)

Panel B: Assume 100% constrained in t+1:

Overall response 0.117 0.00 4.62 -3.59 0.00 0.42 3.12 462
(0.276)

- Real income effects 0.074 0.00 4.58 -3.34 0.00 0.36 1.92 462
(0.274)

- Intertemporal substitution effects -0.016∗∗∗ 0.00 0.05 -0.11 -0.01 0.00 0.01 462
(0.003)

- Effects from real credit limit 0.069∗∗∗ 0.00 0.50 -0.02 0.00 0.01 0.20 462
(0.025)

- Effects from interest payments -0.010∗∗ 0.00 0.09 0.00 0.00 0.00 0.00 462
(0.004)

Notes: This table shows the immediate consumption responses to the hypothetical increase in the Fed’s
projection of the future federal funds rate at the end of 2023 from 0.1 to 0.5 percent according to the model,
which is calibrated using the survey-based changes in expectations. The table focuses on consumption re-
sponses of non-hand-to-mouth households with a positive perceived probability of being credit constrained
at some point until the end of 2022. We assume effects on expectations to converge to zero at a quarterly
rate ρ = 0.9 for horizons beyond those measured in the survey. Panel A shows model-based predicted
consumption responses if these households never expected to become credit constrained. Panel B shows
model-based predicted consumption responses if these households perceived a 100% chance of becoming
credit constrained in period t+1 (i.e. one quarter after the survey). In both panels, only those included
households who report that they typically learn about Fed announcements within four weeks (77 percent)
are assumed to react, while the consumption response is set to zero among those included households
that report that it typically takes longer than four weeks or that they typically never hear about Fed an-
nouncements (23 percent). Each of the three terms of the consumption response (four terms in Panel B) is
winsorized at -15 percent and 15 percent. The overall consumption response is the sum of the winsorized
individual terms. All statistics are weighted by the respondents’ total household spending in 2020. Robust
standard errors are in parentheses. * denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.

8



B Experimental instructions

B.1 Experimental instructions: Main experiment

B.1.1 Attention
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B.1.2 Demographics
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B.1.3 Definitions
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B.1.4 Predictions in the baseline scenario

12



13



B.1.5 Transition between baseline and rise scenario
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B.1.6 Between-subject variation in sources of change in the Fed Projection

Exogenous

Exogenous with stocks
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Endogenous

No reason
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B.1.7 Main predictions rise scenario
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B.1.8 Inattention to Fed annoucements
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B.1.9 Hand-to-mouth module
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B.1.10 Additional characteristics
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B.2 Experimental instructions: Robustness experiment

B.2.1 Predictions in the baseline scenario

26



B.2.2 Transition between baseline and rise scenario
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B.2.3 Between-subject variation in sources of change in the Fed Projection

Exogenous

Exogenous with stocks
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Endogenous

No explanation
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B.2.4 Predictions in the rise scenario
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