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Abstract 
 
We study the effects of monetary policy on aggregate consumption combining a heterogeneous 
agent model with measured expectations under different policy counterfactuals. We express the 
consumption of non-hand-to-mouth households as a function of expectations only and elicit all 
expectations appearing in the consumption functions for alternative policy scenarios with tailored 
surveys. Feeding these individual-level expectations into the model illustrates that a modest 
forward guidance statement in March 2021 would have reduced aggregate consumption by 0.14 
percent on impact and an interest rate hike of 40 basis points in March 2022 would have reduced 
aggregate consumption by 0.30 percent on impact. 
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1 Introduction

Expectations are central for the effectiveness of both conventional and unconventional

monetary policy (Angeletos and Lian, 2018; Farhi and Werning, 2019; García-Schmidt and

Woodford, 2019; Gabaix, 2020; McKay et al., 2016; Kaplan et al., 2018). Yet, modeling

expectation formation in response to monetary policy is challenging, especially in settings

with heterogeneous agents with limited cognitive abilities, which may disagree about the

response of the economy to monetary policy shocks (Andre et al., 2022a).

In this paper, we propose an approach to identify the effects of monetary policy that

feeds estimates of expectation differences across policies – measured in tailored surveys –

into a heterogeneous agent model, and thus remains agnostic about the way expectations

are formed.1

The main idea of this paper can be illustrated with a simple example. Many macroe-

conomic models imply equations of the form:

Y = αE [X (Z)] , (1)

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

variable (e.g. lifetime income of the individual), and Z is a structural shock (e.g. a policy

shock). Furthermore, α 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

= α
∂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 agents have full-information rational

expectations: agents know the realization of the shock Z and are right about how the

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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distribution of X moves with Z (Christiano et al., 2005; Smets and Wouters, 2007; Eggerts-

son and Woodford, 2003; McKay et al., 2016; Kaplan et al., 2018). One alternative is to

assume that agents have incomplete information about the realization of Z, e.g. due to

sticky information (Mankiw and Reis, 2002), exogenous noisy signals (Woodford, 2003),

rational inattention (Sims, 2003; Mackowiak and Wiederholt, 2009), or sparsity (Gabaix,

2014). The other alternative is to assume that agents have distorted beliefs about the effect

of Z on X, e.g. due to level-k thinking (Farhi and Werning, 2019), reflexive expectations

(García-Schmidt and Woodford, 2019), diagnostic expectations (Bordalo et al., 2019), or

adaptive learning (Evans and Honkapohja, 2012). In this paper, we take a different route.

We directly elicit the expectation E [X (Z)] for alternative policies and agents’ attentive-

ness at the individual level. We can thereby compute the effect of the shock Z on the

outcome variable Y without making assumptions about expectation formation.

We implement this idea in the context of a Heterogeneous Agent New Keynesian

model. The assumptions about preferences, asset structure, and borrowing constraints are

similar to the assumptions in McKay et al. (2016). Consider a 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 the expectation of lifetime in-

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

the expectation of end-of-previous-period real liquid wealth (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 consumption 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 becoming borrowing

constrained in the future and whether the household is currently borrowing constrained.

This allows us to substitute the expectation differences into the consumption function that

is adequate for this type of household. Aggregating across households yields the differ-
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ence in aggregate consumption across policies on impact. This approach captures both

direct effects of monetary policy, which operate through the expected real interest rate

path, and indirect effects of monetary policy, which operate through the expected income

path. In sum, at a given point in time we feed the empirical joint distribution of hand-to-

mouth status, subjective probability of becoming borrowing constrained, and expectation

differences across policies into a standard consumption model to compute how aggregate

consumption would vary across policy alternatives.

This approach can be used to study the effects of conventional and unconventional

monetary policy. To illustrate this point, we elicited the expectations that appear in the

consumption functions for alternative forward guidance statements in March 2021 and

for alternative interest rate decisions in March 2022. The elicitation was done in the days

before the FOMC meetings to capture the expectations in the relevant context. In March

2021, we studied the effects of unconventional monetary policy, since there appeared to

be broad agreement at the Federal Reserve to keep the current interest rate close to zero.

In March 2022, we examined the effects of conventional monetary policy, because FOMC

members were publicly debating the timing and the size of an interest rate increase. We

highlight our approach in detail for the unconventional monetary policy survey, and af-

terwards briefly describe our results from the conventional monetary policy survey.

In our forward guidance survey, conducted with more than 2,000 US households, we

study household expectations under different Fed projections about the future federal

funds rate. To do so, we leverage hypothetical vignettes, which provide us with tight

control over our respondents’ information sets. 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 federal funds rate, the inflation rate, and their nominal

household income under this scenario. Second, respondents are asked to think of 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 then elicit our

respondents’ expectations about the federal funds rate, the inflation rate as well as their
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income under this alternative scenario.

Respondents’ expectations differ across the two forward guidance scenarios. First, the

increase in the Fed’s projection substantially increases respondents’ expectations about

the federal funds rate in the years after the announcement. The effect peaks at 0.19 per-

centage points for the rate in 2023 and then reverts back to close to zero in 2026 and

2030, consistent with the Fed’s long-term projections remaining unchanged. Second, re-

spondents reduce their inflation expectations in response to the increase in the projected

federal funds rate in 2023. Expectations decrease by 0.25 percentage points for inflation

in 2021, on impact of the announcement, and less strongly for later time periods. Third,

there is a muted average response of nominal income expectations over all relevant time

horizons.

To compute the model-based aggregate consumption responses to the change in Fed

projections, we directly feed the estimated expectation counterfactuals of the relevant be-

havioral types into the model. Thus, we calculate the effects of adjustments in the Fed’s

projection on aggregate consumption based on how non-hand-to-mouth households ac-

tually adjust their expectations in response to changes in the Fed’s projection. This ap-

proach yields a predicted reduction of aggregate consumption by 0.14 percent on impact

of the announcement. The modest response reflects both that real income effects and

intertemporal substitution effects work in opposite directions, and that the size of the

expectation differences across policy scenarios is modest.

We also apply our approach to conventional monetary policy with a survey in March

2022 with a baseline scenario in which the Fed keeps the current federal funds rate at

0.1 percent and an alternative scenario in which the federal funds rate is increased to

0.5 percent. Respondents have higher inflation expectations in the alternative scenario,

in line with respondents interpreting the interest rate hike as a signal about the Fed’s

private information of future inflationary pressures. As in our forward guidance survey,

respondents’ expectations about their nominal household income do not differ across the

two scenarios. Based on the expectation differences measured in the survey, our model

predicts that consumption would be 0.30 percent lower in the scenario featuring a rate
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hike.

To validate our model-based consumption predictions, we conducted an additional

survey in September 2022 in which – on top of expectations – we also measure differ-

ences in spending plans across the two hypothetical scenarios. The model-based esti-

mates of consumption responses are strongly positively correlated with the survey-based

measures of spending plans, corroborating the validity of our approach.

We contribute to a literature assessing the effects of conventional monetary policy (Ka-

plan et al., 2018) and unconventional monetary policy (Eggertsson and Woodford, 2003;

Del Negro et al., 2012). To explain why forward guidance has more muted effects than

suggested by standard models, previous work has proposed anticipated future credit con-

straints (McKay et al., 2016), a lack of common knowledge (Angeletos and Lian, 2018),

level-k thinking (Farhi and Werning, 2019), reflexive expectations (García-Schmidt and

Woodford, 2019), myopia (Gabaix, 2020), or inattention (Wiederholt, 2015) as reasons.

Our paper offers a new methodological approach to assess the effectiveness of conven-

tional and unconventional monetary policy that combines a parsimonious model with

survey-based estimates of expectation differences across counterfactual policy scenarios.

The key innovation is that instead of making assumptions about expectation formation,

we use measured expectations as sufficient statistics in the model.

Our approach has a number of additional desirable features. First, the ex-ante nature

of our approach opens a possibility for policymakers to use our method to predict effects

of different policy options on aggregate outcomes before committee meetings. Second, a

key advantage of our approach compared to models calibrated based on historical data

is that it captures rich state-dependence in the consumption response to policy changes.

Specifically, it predicts the effects of policy changes based on current expectation counter-

factuals, current hand to mouth-status, current subjective probability of becoming credit

constrained in the future and current attention to monetary policy across the popula-

tion. Third, by measuring hypothetical full-information expectation differences for each

respondent, policymakers can vary other model inputs, such as the fraction of the popu-

lation that is attentive to the policy change. Finally, our approach can be flexibly tailored
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to different kinds of policy counterfactuals, including new policy measures, for which no

historical data are available.

We also contribute to a literature that empirically studies households’ expectation for-

mation in the context of monetary policy (Andre et al., 2022a,b; Coibion et al., 2020b;

D’Acunto et al., 2021; Link et al., 2023). For instance, Coibion et al. (2022) and Coibion

et al. (2020a) conduct information provision experiments to study how households’ infla-

tion expectations respond to different real-world pieces of communication about future

inflation or policy rates. Our paper differs from the existing literature in three main ways:

first, our measurement of expectations and behavioral types is directly guided by the

insights of a macroeconomic model. Second, we use our estimated elasticities of expecta-

tions as inputs in our model to quantify the impact of monetary policy on consumption.

Third, different to experiments providing actual pieces of information on monetary pol-

icy, our approach based on hypothetical policy changes can be used to predict the effects

of specific future policy options ex-ante.

2 Theoretical framework

This section presents a model of consumption differences across policy announcements

on interest rates. The assumptions about preferences, budget constraints and borrowing

constraints are similar to the assumptions in McKay et al. (2016). In Section 3, we use this

model together with our experimentally estimated expectation differences across policy

scenarios to study the effects of forward guidance. In Section 4, we use the same approach

to study the effects of conventional monetary policy announcements (i.e., announcements

about the target for the current short-term interest rate).
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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.

So far we have made no assumptions about knowledge and beliefs. We now turn to

those assumptions. We make three assumptions:

First, we assume that households understand the structure of the flow budget con-

straint, i.e., households understand that, in every period, savings equal the difference

between total after-tax income and consumption expenditure.

Second, we assume that households understand that there exists a borrowing limit in

every period. We do not restrict households’ beliefs about the sequence of future borrow-

ing limits, but we do assume that households believe that they cannot run a Ponzi scheme

along any path.

Third, the expectations operator in equation (2) and in all following equations is the

mathematical expectation computed with subjective probabilities. Formally, for any vari-

able Xt+h that the household takes as given household i’s period-t expectation of the

variable Xt+h is defined as

Ei,t[Xt+h] = ∑
st+h∈St+h

pi,t(st+h)Xi,t(st+h). (5)

Let st denote the vector of exogenous shocks that nature draws in period t. This vec-

tor contains all aggregate and idiosyncratic shocks. Let x−1 denote the vector of initial

conditions that nature drew before period zero. Let st+h = {x−1, s0, s1, . . . , st+h} denote

the exogenous history of the economy up to and including period t + h. In equation (5),

the household believes that st+h is drawn from some finite set St+h, pi,t
(
st+h) denotes

household i’s period-t subjective probability of the realization st+h given household i’s
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period-t information set, and Xi,t
(
st+h) denotes household i’s period-t subjective belief

about the value of the variable Xt+h at history st+h. We impose no restrictions on the set of

possible histories, St+h, the subjective probabilities, pi,t
(
st+h), and the subjective models,

Xi,t
(
st+h). The subscripts i and t indicate that these are the subjective probabilities and

subjective models in period t and that they can differ across households.2

For ease of exposition, we make two additional assumptions:

First, we assume that households observe their current after-tax income and their cur-

rent borrowing limit in period t.

Second, we assume that each household believes that it will observe the real gross

return on its savings in future periods.

The first assumption avoids that households accidentally hit the borrowing limit in

period t. The second assumption simplifies the derivation of the Euler equation. Both

assumptions can be relaxed, at the cost of more complex terminology and notation. In

fact, the first assumption is relaxed in Appendix A. The second assumption can be relaxed

by assuming that households believe that they will observe the real gross returns with a

certain probability, as in a sticky-information model, or by assuming that households

believe that they will receive noisy signals about the real gross returns, as in exogenous

noisy information or rational inattention models.

We assume that in period t, each household chooses consumption Ci,t and hours

worked Ni,t so as to maximize its objective (2) subject to its knowledge of the structure

of the flow budget constraint, its knowledge that there exists a borrowing limit in every

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

This decision problem is formally stated in Appendix A.

2In the special case of rational expectations, one imposes two restrictions on these objects: (i) the sub-
jective probability pi,t

(
st+h

)
equals the objective probability of the history st+h given the information set

of household i in period t, and (ii) the subjective model, Xi,t

(
st+h

)
, equals the equilibrium outcome of

variable Xt+h at history st+h.
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2.2 Terminology

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

• Group 1: The household spends all of its available resources in period t (formally,

Bi,t = −Li,t). If the borrowing limit is strictly positive, the household borrows up

to the borrowing limit; if the borrowing limit equals zero, the household carries

zero liquid wealth between t and t + 1. Following the literature, we will refer to

households in group 1 as “hand-to-mouth” households (Kaplan et al., 2014).

• Group 2: The household does not spend all of its available resources in period t

(formally, Bi,t > −Li,t), and the household believes that it will not become “hand-

to-mouth” in the future.

• Group 3: The household does not spend all of its available resources in period t

(formally, Bi,t > −Li,t), and the household believes that it will become “hand-to-

mouth” in the future with strictly positive probability.

We distinguish between these three groups because households in different 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 borrowing limit:

Ci,t =
1
Pt

(Rt−1Bi,t−1 + Wi,tNi,t + Di,t − Ti,t + Li,t) . (6)

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 lifetime
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budget constraint in real terms, which has to hold along any path,

∞

∑
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=t+1

(
Rk−1
Πk

)−1
,

and the consumption Euler equation for all horizons s− t = 1, 2, ...

C−γ
i,t = Ei,t

[
βs−t

s

∏
k=t+1

(
Rk−1

Πk

)
C−γ

i,s

]
.

Taking the subjective expectation on both sides of the lifetime budget constraint, log-

linearizing the lifetime budget constraint and the consumption Euler equation around

any point, where all variables are constant over time and R/Π = 1/β, and using the con-

sumption Euler equation to substitute for the expectation of future consumption 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

]
.

(7)

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 point around which we log-linearize

household i’s consumption function (ci,t = ln (Ci,t)− ln (Ci) and ỹi,t = ln
(
Ỹi,t
)
− ln

(
Ỹi
)
).3

The consumption of a household who is non-hand-to-mouth in period t and believes that

it will not become hand-to-mouth in the future depends on three expectations: the expec-

3The 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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tation of non-interest income (the first term in equation (7)), the income and substitution

effect linked to expected real interest rates (the second term in equation (7)), and the per-

ceived beginning-of-period real liquid wealth (the third term in equation (7)).

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

]
.

(8)

Consumption of a household in group 2 depends on expected lifetime income, the in-

tertemporal substitution term, and the perceived end-of-previous-period real liquid wealth.

This equation is derived using the same steps, but more formal notation, in Appendix A.

Turning to the effect of implementing one policy announcement rather than another

policy announcement on consumption in period t. Let 4ci,t = cPolicyA
i,t − cPolicyB

i,t denote

the difference between consumption under policy announcement A and consumption

under policy announcement B and let 4Ei,t [X] = EPolicyA
i,t [X] − EPolicyB

i,t [X] denote the

difference between the expectation of variable X under policy announcement A and the

expectation of the same variable under policy announcement B. Equation (8) 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

]
.

(9)

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 (9).

The consumption function of a household in group 3 looks different because of the
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strictly positive subjective probability of becoming a hand-to-mouth household in the fu-

ture. To illustrate the implications of beliefs about future binding borrowing constraints

for current consumption, consider a household who believes that it will become borrow-

ing constrained in the near future with a high probability. Specifically, suppose that the

subjective probability of becoming borrowing constrained in the next period equals one.

Since the household is non-hand-to-mouth in period t, the household’s consumption Eu-

ler equation has to hold with equality in period t

C−γ
i,t = Ei,t

[
β

Rt

Πt+1
C−γ

i,t+1

]
.

The household’s belief that it will become borrowing constrained in the next period with

probability one implies that, in the previous equation, we have

Ci,t+1 =
Rt

Πt+1

(
Rt−1

Πt
B̃i,t−1 + Ỹi,t − Ci,t

)
+ Ỹi,t+1 + L̃i,t+1.

Using the last equation to substitute for next period’s consumption in the previous equa-

tion yields a single equation that characterizes consumption of household i in period

t. Log-linearizing this equation around any point where the real interest rate, real non-

interest income and consumption are constant over time and R/Π = 1/β yields

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

]
,

(10)

where lower-case letters denote log-deviations from the point at which we log-linearize

household i’s consumption function (ci,t = ln (Ci,t)− ln (Ci) and ỹi,t = ln
(
Ỹi,t
)
− ln

(
Ỹi
)
).4

Comparing equation (10) to equation (8) shows that the anticipation of a binding borrow-

ing constraint in the next period has several implications. First, the relevant definition of

4Equation (10) is derived using the same steps, but more formal notation, in Appendix A.
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expected income becomes the expected average income up to and including the period

in which the borrowing constraint becomes binding. Second, the intertemporal substitu-

tion 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 real value of the

borrowing limit in the period in which the borrowing constraint becomes binding affects

current consumption.

The difference in consumption across policy announcements 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

]
,

(11)

where 4ci,t is the difference between consumption in period t under policy announce-

ment A and consumption in period t under policy announcement B and 4Ei,t [X] is the

difference between the expectation of variable X under policy announcement A and the

expectation of the same variable under policy announcement B.

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. In other words, for households in groups 2 and 3, expectation differences

across policies are sufficient statistics for consumption differences across policies. The

key idea of the paper is to elicit these differences in expectations with a survey and to

compute, for each household, the effect of implementing one policy announcement rather

than another policy announcement on consumption from the consumption function of

this type of household.

In the following sections, we assume that households do not switch group across poli-

cies at a given point in time. For the distinction between hand-to-mouth and non-hand-

to-mouth households, this is the common assumption that hand-to-mouth households

are households with a binding borrowing constraint and that small variations in policy do
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not change their hand-to-mouth status. For the distinction between group 2 and group 3

households, this is the assumption that the subjective probability of becoming borrowing

constrained in the future does not switch from zero to strictly positive across policies. In

Section 3, we demonstrate empirically that the subjective probability of becoming bor-

rowing constrained does not vary systematically across policies.

3 The effects of unconventional monetary policy

In this section we apply our approach to study the effects of unconventional monetary

policy using data from the March 2021 survey. The full experimental instructions are

provided in Appendix F.1.

3.1 Setting

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 in collaboration with the panel data provider

Luc.id, which is commonly used in economic research (Haaland et al., 2021). The data

collection took place shortly before the regular FOMC meeting on March 16/17 2021. At

the time of the survey, the current federal funds rate was near zero and the annual infla-

tion rate was 1.7 percent. There appeared to be broad agreement at the Federal Reserve

to keep the federal funds rate near zero.

3.2 Experimental design

Demographics, definitions and introduction In the beginning of our survey, we elicit

a set of demographic characteristics. Then, we provide our respondents with basic defi-

nitions 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,
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besides choosing the current rate, the Fed publishes projections of where this interest rate

will be in the coming years.

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. Note:

Further imagine, that the Fed’s projection of the federal funds rate at the end

of 2030 remains unchanged at 2.5 percent.

We then elicit the respondents’ own expectations under this hypothetical scenario, 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 respondents’ expectations about their average annual household income

in nominal dollar terms in 2021, 2022-2023, as well as 2024-2026. To 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”.

Alternative scenario Respondents are then asked to imagine an alternative scenario

about the Fed’s projections. Specifically, respondents receive the following 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.
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Note: Further imagine, that the Fed’s projection of the federal funds rate at the

end of 2030 remains unchanged at 2.5 percent.

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.

Beliefs about the source of the change in projections To illustrate how our approach

can be used to study the effects of different types of policy announcements, we cross-

randomize respondents into four 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 projection 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 projection occurred because the composition of the committee

changed before the meeting and 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.

Identifying behavioral types We also include questions measuring three dimensions of

type heterogeneity that play an important role in our model: We measure households’ (i)

hand-to-mouth status, (ii) their subjective probability of becoming credit constrained in

the future, and (iii) their level of attention to Fed announcements.

3.3 Sample restrictions and summary statistics

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,

17



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

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

These outliers could disproportionately affect predicted consumption responses accord-

ing to our model featuring averages taken over individual survey responses, which are

sensitive to outliers. We deal with this concern by excluding outliers in elicited point

forecasts.

Specifically, we exclude responses predicting a federal funds rate higher than 20 per-

cent for any horizon (corresponding to the 98th or 99th percentile in the main survey

depending on the horizon), responses predicting an inflation rate higher than 20 percent

for any horizon (98th or 99th 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 cu-

mulative 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

strong overlap of groups containing outliers across survey questions, our focus on a com-

mon sample implies that these procedures result in dropping 13.6 percent of responses in

the main survey. None of our results are sensitive to the exact cutoffs used. We examine

the robustness of the predicted consumption responses to winsorizing outliers instead of

excluding them.

Summary statistics Appendix Table A.1 Panel A shows summary statistics of the re-

maining sample of 1,871 respondents for the main survey, including benchmarks from

the 2019 American Community Survey. Our sample closely resembles the population ac-
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cording to the targeted variables gender, age, education, income and region even after

our sample restrictions.

3.4 Type heterogeneity

In this subsection, we provide descriptive evidence on the distributions of hand-to-mouth

status, subjective probabilities of becoming credit constrained, and attention to Fed an-

nouncements in our sample.

Hand-to-mouth status We classify hand-to-mouth households with a series of questions

on balance sheet variables using a similar procedure as Kaplan et al. (2014). We ask re-

spondents 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. Among those who report having

carried over positive credit card debt from the last billing cycle (27.4 percent), we classify

those as hand-to-mouth who carried over credit card debt of more than 80 percent of their

combined limit on all cards (8.5 percent of the full sample). Among those who report not

to have carried over any credit 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 (18.3 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).5

Anticipated credit constraints The subjective 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 and previous literature (McKay et al., 2016).

To measure anticipated credit constraints we ask our respondents about the probability

5In 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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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 do so. We elicit the subjective probabilities of

becoming credit constrained at some point (i) until the end of 2021, (ii) until the end of

2022, and (iii) until the end of 2026. Figure 1 displays the distributions of the subjective

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 percent)

attach zero probability to becoming credit constrained at any point until the end of 2026.

Inattention to Fed announcements 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 these 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”.

Appendix Figure A.1 provides histograms of non-hand-to-mouth respondents’ self-

reported time until they typically hear about Fed announcements. 54 percent of respon-

dents report that it typically takes at most seven days until they learn about Fed an-

nouncements.6

3.5 The effects of unconventional monetary policy on expectations

The first row of Table 1 illustrates the difference between federal funds rate expectations

under the “rise” and under the “baseline” scenario among non-hand-to-mouth house-

holds.7 It shows that respondents substantially update their federal funds rate expecta-

tions 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 per-

6Appendix Table A.6 uses survey data from March 2022 to show that this measure is correlated with
alternative measures of attention to monetary policy.

7Our results on expectation differences are qualitatively similar if we instead use the full sample.
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centage 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 Fed’s longer-run projection being constant across the scenarios. The

increase by 0.19 percentage points corresponds to approximately 50 percent of the differ-

ence in Fed projections across scenarios. This suggests that respondents attach positive

probability to a state where the Fed will not increase the federal funds rate as projected.8

The second row of Table 1 highlights that the increase in the projected federal funds

rate in 2023 is associated with lower inflation expectations. Inflation expectations de-

crease by 0.25 percentage points for 2021 (p < 0.01), by 0.17 percentage points for 2022

(p < 0.01), and somewhat less strongly for the later time periods. The size of the dif-

ferences in inflation expectations is significant. These findings highlight that households

expect most of the changes in inflation to occur early on after the announcement, while

effects are less pronounced for 2023, when the effect on the federal funds rate expectations

is highest. The size of the differences in inflation expectations is somewhat smaller than

implied by benchmark models. Overall, the effects on federal funds rate and inflation

expectations point to an important role for the intertemporal substitution mechanism in

households’ consumption responses.

The third row of Table 1 displays results on nominal income expectations. The table

reveals a muted average response of income expectations over all relevant time horizons.

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

a power of 80 percent and a significance threshold of 5 percent are below 1 percentage

point. This suggests a limited relevance of adjustments of nominal income expectations

in response to the change in Fed projections.

Varying the source of the change in projections Appendix Table A.2 displays expecta-

tion differences between the two scenarios when the source of the change is described to

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

8Another 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 just quickly click through the questions.

21



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

when (iv) no reason for the change is given. The measured expectation differences remain

largely qualitatively similar when varying the source of the shock.

Robustness experiment In our model, we assume that the subjective probability of be-

coming credit constrained does not respond to changes in monetary policy. The model

also abstracts from the effect of differences in home price expectations across scenarios on

consumption. We assess the plausibility of these assumptions using a robustness experi-

ment.

The robustness experiment (n=392) was conducted in March 2021 in collaboration

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

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

periment except that we elicit a different set of 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. In

Appendix F.2, we provide the full set of experimental instructions.9

The first row of Appendix Table A.3 shows similar effects on expectations about the

federal fund rate in the robustness experiment as in the main survey. Rows 2 and 3 of

Table A.3 show that neither respondents’ subjective probability of becoming credit con-

strained nor their home price expectations change in response to the change in the Fed

projection.

9We 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), 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.
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3.6 Consumption counterfactuals with measured expectations

In this section, we use the measured expectation differences across policy scenarios from

Section 3.5 as sufficient statistics in our model outlined in Section 2, and discuss the im-

plied consumption differences across Fed announcements.

Consumption response of non-hand-to-mouth anticipating no borrowing constraints

For a non-hand-to-mouth household who does not expect to be borrowing constrained in

the future, the difference in consumption across policies equals

4ci,t =

1
Ci
Ỹi

(1− β)∑∞
s=t βs−t4Ei,t

[
1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

]
− 1

γ β ∑∞
s=t βs−t4Ei,t [rs − πs+1]

+ 1
Ci
Ỹi

(1− β) 1
β

B̃i
Ỹi
4Ei,t

[
b̃i,t−1

] . (12)

In the literature on Heterogeneous Agent New Keynesian (HANK) models, the effects of

a change in the expected path of the nominal interest rate minus inflation on consumption

are called direct effects of monetary policy, while the effects of a change in the expected

paths of labor income, dividend income, and net tax payments on consumption are called

indirect general equilibrium effects of monetary policy (Kaplan et al., 2018). Rather than

computing the expectation differences across policies from a model, we take these from

the survey that households complete a few days before the policy meeting.

The survey elicits each household’s expected path for the federal funds rate, the infla-

tion rate, and own, total, after-tax nominal income under the baseline policy announce-

ment and under the alternative policy announcement.10 The survey measures expec-

tations about annual variables. The expectations appearing in equation (12) are about

quarterly variables. In the case of inflation expectations, we proceed as follows. When

a household reports that it expects x% inflation for a calendar year, we turn this answer

into an expectation of 1/4 x% inflation for each quarter of the year. A household might

10Appendix B provides a more detailed discussion of how the model inputs are derived from the survey
responses.
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expect all inflation to occur in the first quarter of the year and no inflation in the second

to fourth quarter of the year, but with a quarterly discount factor of β = 0.99, it matters

hardly at all how the inflation expectation for the year is translated into inflation expec-

tations for the four different quarters of the year. For this reason, we decided to elicit

expectations about annual inflation.11 In the case of nominal income expectations, we

proceed similarly. When a household reports that it expects $x nominal income for a cal-

endar year, we turn this answer into an expectation of 1/4 $x nominal income for each

quarter of the year. Again, for a quarterly discount factor of β = 0.99, it matters hardly at

all how the nominal income expectation for the calendar year is translated into nominal

income expectations for the four different quarters of the year. We therefore chose to elicit

expectations about annual income. In the case of nominal interest rate expectations, we

interpolate the expected interest rate path. If a household reports that it expects a differ-

ence in the nominal interest rate across scenarios of 5 basis points at the end of 2021 and

10 basis points at the end of 2022, we assume that the difference in the expected nominal

interest rate across scenarios equals zero in the quarters 2021:Q1-2021:Q3, 5 basis points

in the quarters 2021:Q4-2022:Q3, and 10 basis points in the quarters 2022:Q4-2023:Q3. All

expectations are elicited up to a certain horizon. We assume that expectation differences

across scenarios decay at quarterly rate ρ beyond those horizons. In the main tables we

present results for ρ = 0.1. In robustness checks we present results for different values

of ρ (0.05, 0.2, 0.5, 0.9). The value of ρ turns out to matter barely for the consumption

counterfactuals.

The left-hand side of equation (12) is the log difference in individual consumption

across policies. The first line on the right-hand side is the real income effect of monetary

policy. For a household with positive liquid wealth, the term 1
β

B̃i
Ỹi
(rs−1 − πs) is interest

11When a household expects x% inflation for a calendar year and expects the price level to grow
at a constant rate within the year, the discounted sum of expected quarterly inflation rates equals(
1 + β + β2 + β3) 1

4 x%. In the most extreme cases, where all inflation is expected to occur in the first quar-
ter of the year or all inflation is expected to occur in the fourth quarter of the year, the discounted sum
of expected quarterly inflation rates equals x% and β3x%, respectively. For conventional discount factors,
these three numbers are very similar. For example, for β = 0.99 the three numbers equal 0.985 ∗ x%, 1 ∗ x%,
and 0.97 ∗ x%.
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income, the variable ỹi,s is non-interest income, and the term4Ei,t

[
1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

]
is the difference in the expectation of own, total, after-tax real income across the two poli-

cies, relative to the value at the point around which we log-linearized the consumption

function, which we take to be household quarterly income in the year 2020. The survey

measures the expectation of nominal income. To arrive at the expectation of real income,

we deflate the household’s expectation of nominal income with the household’s expec-

tation of inflation up to that point. Turning to a household with negative liquid wealth,

the term 1
β

B̃i
Ỹi
(rs−1 − πs) is interest expenses, the variable ỹi,s is income, and the first line

on the right-hand side of equation (12) is the real income effect of monetary policy net of

the real interest expense effect of monetary policy. For a household with negative liquid

wealth, we write 4Ei,t

[
1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

]
as 4Ei,t

[
1
β

B̃i
Ỹi
(rs−1 − πs)

]
plus4Ei,t [ỹi,s].

We refer to the first term as the interest expense effect.

The second line on the right-hand side of equation (12) is the intertemporal substi-

tution effect of monetary policy. The variable Ei,t [rs] is the expectation of the log gross

nominal interest rate, which approximately equals the expectation of the net nominal in-

terest rate, which the survey elicits for both policy alternatives. The variable Ei,t [πs+1] is

the expectation of the log gross inflation rate, which approximately equals the expectation

of the inflation rate, which the survey measures for both policy scenarios.

The survey also elicits the own, total, after-tax nominal income, the household’s nom-

inal liquid wealth, and the household’s saving rate in 2020, from which we compute B̃i
Ỹi

and Ci
Ỹi

. We set the quarterly discount factor, β, to 0.99 and the intertemporal elasticity of

substitution, 1
γ , to 1

2 .

The third line on the right-hand side of equation (12) is the effect on consumption of

holding different beliefs about past real liquid wealth across policy announcements. In

complete-information HANK models, this effect equals zero. The reason is that agents

have complete information about the history of the economy and thus do not revise be-

liefs about the past after a policy announcement. Under incomplete information, house-

holds may revise beliefs about past real liquid wealth after a policy announcement, be-
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cause they may revise beliefs about the past price level after a policy announcement.12

In the main tables, we assume that households do not revise beliefs about the past price

level after a policy announcement. As a robustness exercise, we assume that households

revise beliefs about last year’s inflation as much as they revise beliefs about current year’s

inflation after a policy announcement. We view this calculation as an upper bound on the

size of this effect.

Consumption response of non-hand-to-mouth with positive subjective probability of

becoming constrained For a non-hand-to-mouth household who expects to be borrow-

ing constrained with probability one in the next period, the difference in consumption

across policies equals

4ci,t =

1
Ci
Ỹi

1
1+β ∑t+1

s=t βs−t4Ei,t

[
1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

]
− 1

γ
β

1+β4Ei,t [rt − πt+1]

+ 1
Ci
Ỹi

1
1+β

(
1
β

B̃i
Ỹi
4Ei,t

[
b̃i,t−1

]
+ β L̃i

Ỹi
4Ei,t

[
l̃i,t+1

]) . (13)

A positive subjective probability of a binding borrowing limit in the future shortens the

horizon, raises the marginal propensity to consume, and makes consumption depend

on the expectation of the real borrowing limit in the future (Kaplan et al., 2018; McKay

et al., 2016). Otherwise equation (13) resembles equation (12). We assume that the ex-

pectation of the nominal credit limit is the same across policy announcements, implying

4Ei,t
[
l̃i,t+1

]
= −4Ei,t [pt+1].13 The expectation of a higher price level then means the ex-

pectation of fewer real resources being available when the credit limit becomes binding,

which depresses current consumption.

The survey includes a series of questions on hand-to-mouth status and elicits each

household’s subjective probability of becoming borrowing constrained in the current year,

12Recall that b̃i,t−1 = bi,t−1 − pt−1, implying Ei,t
[
b̃i,t−1

]
= Ei,t [bi,t−1] − Ei,t [pt−1]. Hence, revising up

beliefs about the past price level implies revising down beliefs about past real liquid wealth.
13This assumption has a very limited quantitative influence on the predicted aggregate consumption

response and could be easily relaxed through small adjustments in the survey design.
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at some point over the next two years, and at some point over the next five years. For a

non-hand-to-mouth household with a zero subjective probability of becoming borrowing

constrained in the current year, we compute the consumption difference across policies

from equation (12). For a non-hand-to-mouth household with a strictly positive subjective

probability of becoming borrowing constrained in the current year, we take a parsimo-

nious approach: We compute the consumption difference across policies from equation

(13) if the subjective probability of becoming borrowing constrained in the current year

exceeds 50 percent, while we compute the consumption difference across policies from

equation (12) if this subjective probability is below 50 percent.14 Figure 1 reports the dis-

tributions of answers to the subjective probability questions.

Consumption response of hand-to-mouth The consumption of a hand-to-mouth house-

hold equals its available resources. The household’s consumption difference across poli-

cies is determined by the household’s income difference across policies. We assume that

the change in income for the hand-to-mouth households occurs with a delay under both

policies. The reason is the following. For the income of the hand-to-mouth households to

change, firms have to make decisions to adjust their factor inputs, which will presumably

happen after they have observed a change in demand. In the meantime, firms can meet

the reduced demand by adjusting inventories and/or factor utilization.

Aggregation We weight each household’s consumption difference across policies by the

household’s overall spending in 2020. Formally, the aggregate consumption counterfac-

tuals are computed from the equation

4ct =
I

∑
i=1

PCi

PC
4ci,t, (14)

14Empirically, the predicted aggregate consumption response remains similar if we use different cutoffs
in this probability.
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which follows from log-linearizing the definition of aggregate consumption, Ct = ∑I
i=1 Ci,t,

around any point {C, C1, . . . , CI} with C = ∑I
i=1 Ci, yielding ct = ∑I

i=1
Ci
C ci,t, taking the

difference across policies, and multiplying numerator and denominator of the ratio Ci
C by

the price level. Weighting each household’s consumption difference across policies by

the household’s overall spending in 2020 can thus be interpreted as using as a point of

log-linearization of equation (14) each household’s consumption in 2020. This is also the

point of log-linearization that we used for the individual consumption functions.15

Results Table 2 shows the model-implied consumption responses and their different

components both aggregated and by group. Panel A shows consumption responses un-

der the assumption that all households hear of the announcement. Non-hand-to-mouth

households with a subjective probability of becoming borrowing constrained of zero re-

duce their consumption by 0.475 percent in response to the increase in the projected fed-

eral funds rate (Column 2). This reflects real income effects (increasing consumption by

0.273 percent) and intertemporal substitution effects (reducing consumption by 0.747 per-

cent) working in opposite directions. The announcement leads to a 0.313 percent increase

in consumption among non-hand-to-mouth households with a positive subjective prob-

ability of facing constraints that is at most 50 percent (Column 3), which are driven by

positive real income effects outweighing negative effects from intertemporal substitu-

tion. Among non-hand-to-mouth households expecting constraints with a probability

greater than 50 percent, the announcement leads to a 0.508 percent increase in consump-

tion, which is mostly driven by a higher expected real credit limit due to lower expected

inflation (Column 4). Aggregating across the different groups yields the following overall

15Household spending in 2020 is elicited by eliciting the after-tax, total income in 2020 and the saving
rate in 2020. The saving rate in 2020 is elicited with a categorical question and allows for a negative saving
rate.
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response (Column 5):16

4c̄t = 0.21︸︷︷︸
Weighted
fraction

HTM

× 0 + 0.52︸︷︷︸
Weighted
fraction

non-HTM
0% constr.

× (−0.475) (15)

+ 0.22︸︷︷︸
Weighted
fraction

non-HTM
0% < constr. ≤ 50%

× 0.313 + 0.06︸︷︷︸
Weighted
fraction

non-HTM
> 50% constr.

× 0.508 = −0.148

Panel B presents consumption adjustments under the assumption that only attentive

households adjust their expectations in response to the announcements. The average

group-level consumption responses are somewhat attenuated under this assumption and

yield an overall predicted consumption response of −0.143 percent.

Appendix Table A.4 provides a sensitivity analysis of the model-implied consumption

responses to unconventional monetary policy. Specifically, the predicted consumption re-

sponse varies only weakly with the value ρ at which expectation differences beyond the

horizons measured in the survey are assumed to converge to zero (Panels B-E). When

winsorizing extreme expectation differences instead of excluding the corresponding ob-

servations, the predicted consumption response is close to zero (Panel F). The statistical

precision of the estimates decreases despite the larger sample size, suggesting that the

outlier observations indeed reflect inattention to the survey. Allowing agents to update

beliefs about inflation in the previous year has only negligible effects on the predicted con-

sumption responses (Panel G). Finally, the predicted consumption responses vary some-

what across treatment arms that provide respondents with different reasons for the policy

change (Panels H-K), although this should be viewed in light of the smaller underlying

samples.

In sum, we elicit the joint distribution of hand-to-mouth status, subjective probability

16Since group-level averages are calculated weighting each household’s consumption response by house-
hold spending in 2020, one needs to use the weighted fractions of households in the different groups to
obtain the overall average consumption response.
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of becoming borrowing constrained in the future, inattention to monetary policy, and ex-

pectation differences across policy alternatives ahead of a policy meeting. We use these

data to compute the effect on consumption of implementing one monetary policy rather

than another monetary policy, with a consumption model that is standard in the HANK

literature. All data are collected in the days before the policy meeting; hence the aggre-

gate consumption counterfactual is fully state contingent and available before the policy

meeting. We find that, in March 2021, the announcement of a 40 basis points higher fed

funds rate at the end of 2023 would have reduced aggregate consumption by 0.14 per-

cent on impact. The main reasons for the modest power of forward guidance are that

expectation differences across policies are of modest size (Table 1) and that intertemporal

substitution and real income effects work in opposite directions (Table 2).

4 The effects of conventional monetary policy

In this section, we apply our approach to assess the effects of conventional monetary

policy on aggregate consumption using our March 2022 survey.

Setting The survey was conducted shortly before the March 2022 meeting of the Fed-

eral Reserve. At the time of the survey, the current federal funds rate was still close to

zero, but inflation had reached very high levels (7.9 percent in February 2022). FOMC

members were publicly debating the timing and the size of an interest rate increase and

dramatically increased interest rates over subsequent months.

Sample We recruit a sample broadly representative of the US population using Prolific,

a commonly used online labor market for research studies. We apply the same sample

restrictions with respect to extreme response times and outliers in expectations using the

same cutoff values as in the main survey, which reduces the initial sample size of 838

observations to 692 observations. Again, none of our results are sensitive to the exact

sample restrictions we apply or to whether we winsorize outliers in expectations instead
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of excluding them from the sample.

Design The design of this survey closely resembles the design of the March 2021 experi-

ment (described in Section 3.2). Specifically, we elicit expectations about the federal funds

rate, inflation and household income under two policy scenarios. However, different to

our March 2021 survey, the scenarios presented to respondents now feature differences

in the current federal funds rate instead of the projected future rate. In the baseline sce-

nario, the Fed announces at their meeting in March that it keeps the current federal funds

rate unchanged near zero. In the alternative scenario, the Fed announces that it increases

the current federal funds rate to 0.5 percent. In both scenarios we tell respondents that

the Fed’s projection of the federal funds rate in 2031 remains unchanged at 2.5 percent.

As in the March 2021 survey, we collect rich data on attention to Fed announcements,

hand-to-mouth status and anticipated credit constraints. In line with the core idea of our

approach, we design the survey such that we can use the elicited expectation adjustments

together with our model to calculate the implied impact of the policy announcement on

aggregate consumption. In Appendix F.3 we provide the full experimental instructions.

The effects of conventional monetary policy on expectations We start by presenting

the effects of the policy announcement on respondents’ expectations. The first row of Ta-

ble 3 presents the differences in respondents’ expectations about the federal fund rate be-

tween the rise and the no-change scenario, respectively. In the rise scenario, participants

increase their federal funds rate expectations by approximately 0.2 percentage points for

2022, 2023 and 2024 (p < 0.01) compared to the baseline scenario. For 2027, the expecta-

tion difference declines somewhat to 0.15 percentage points (p < 0.01), and for 2031 the

expectation difference reverts back close to zero (p = 0.25). The increases in expectations

about the federal funds rate in the initial years correspond to about half of the difference

in the current federal funds rate across scenarios. This likely reflects that also under the

baseline scenario respondents expect increases in the federal funds rate in later meetings

in 2022.
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The second row of Table 3 presents the differences in respondents’ inflation expecta-

tions between the rise and the no-change scenario. It shows that households increase their

inflation expectations by 0.16 percentage points for 2022 (p < 0.01), by 0.19 percentage

points for 2023 (p < 0.01), by 0.29 percentage points for 2024 (p < 0.01) and by 0.21 per-

centage points for 2025-2027 (p < 0.01). These findings highlight that households expect

the strongest changes in inflation to occur a few years after the announcement. The in-

crease in inflation expectations suggests that respondents interpret the policy announce-

ment as a signal about the Fed’s private information of increased inflationary pressures.

Thus, adjustments of inflation expectations differ from the adjustments we measured for

the hypothetical forward guidance announcement in our March 2021 survey. Given the

very different macroeconomic environment in March 2022, e.g., given the war in Ukraine,

this suggests an important role for state-dependence in the effects of monetary policy an-

nouncements on inflation expectations. A key strength of our approach is that it flexibly

accounts for such state-dependence in expectations adjustments and identifies it before

policy meetings.

The third row of Table 3 presents the differences in respondents’ nominal income ex-

pectations between the rise and the no-change scenario. The table reveals muted and

statistically insignificant differences in expectations about cumulative nominal income

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

sizes for a power of 80 percent and a significance threshold of 5 percent are close to 1 per-

centage point. Consistent with our main evidence presented in Section 4, this suggests a

limited relevance of adjustments of nominal income expectations in response to monetary

policy announcements.

Consumption counterfactuals with measured expectations We next feed the measured

expectation differences into our model outlined in Section 2 and present the implied ag-

gregate consumption counterfactual.

Table 4 presents the model-implied consumption responses for group 2 and group 3

households. Panel A of Table 4 shows results under the assumption that all households
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react, while Panel B displays results under the assumption that only attentive house-

holds react. Assuming that all non-hand-to-mouth households react to the announce-

ment, while hand-to-mouth households do not react, our model implies an aggregate

consumption response of:

4c̄t = 0.26︸︷︷︸
Weighted
fraction

HTM

× 0 + 0.35︸︷︷︸
Weighted
fraction

non-HTM
0% constr.

× (−1.225) (16)

+ 0.36︸︷︷︸
Weighted
fraction

non-HTM
0% < constr. ≤ 50%

× (−1.292) + 0.04︸︷︷︸
Weighted
fraction

non-HTM
> 50% constr.

× 0.015 = −0.883

If only those non-hand-to-mouth households who report to typically hear about Fed an-

nouncements within seven days are assumed to react to the announcement, the overall

consumption response to the policy announcement is reduced to −0.295.

Appendix Table A.7 provides a sensitivity analysis of the model-implied consumption

responses to conventional monetary policy. The predicted responses hardly change when

varying the value ρ at which expectation differences beyond the horizons measured in the

survey are assumed to converge to zero (Panels B-E), when winsorizing extreme expecta-

tion adjustments instead of dropping the relevant observations from the sample (Panel F),

or when allowing agents to update beliefs about inflation in the previous year (Panel G).

Moreover, Appendix Table A.8 shows that the consumption responses predicted by the

model when only households that are attentive to monetary policy react (Panel B of Ta-

ble 4) do not vary meaningfully when alternative measures are used to identify attentive

households.

In sum, in March 2022 we used our approach to study the effects of conventional mon-

etary policy. At the time of the survey, inflation had reached very high levels, there was

a public debate about whether inflation was here to stay, and FOMC members were pub-

licly debating the timing and the size of an interest rate increase. We elicit the joint dis-
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tribution of hand-to-mouth status, subjective probability of becoming credit constrained

in the future, inattention to monetary policy, and expectation differences across policy

alternatives ahead of the policy meeting. We find that a 40 basis point increase in the

Fed funds rate in March 2022 would have raised household inflation expectations, con-

sistent with a signalling channel of monetary policy. The rate hike would have reduced

aggregate consumption by 0.88 percent if all households are attentive to the announce-

ment or by 0.3 percent if only those households that usually hear about monetary policy

announcements are attentive to the announcement.

5 Validation

We validate our model-based consumption predictions using an additional survey in

which respondents directly report how they would adjust their consumption under the

different scenarios. The survey was fielded approximately two weeks before the Fed

meeting in September 2022 in an environment of elevated inflation (8.3 percent in August

2022). The federal funds rate was 2.4 percent before the meeting. We collected a sample

of 1,106 US respondents with Prolific. Appendix Table A.9 provides summary statistics.

Design As in the main experiment on conventional monetary policy, we present our

respondents with two scenarios: a no-change scenario where the Fed keeps the federal

funds rate at 2.4 percent and a rise scenario where the Fed increases the federal funds

rate from 2.4 percent to 3.1 percent. Our design is identical to the March 2022 experi-

ment except that we additionally elicit differences in spending plans across the scenarios.

Appendix F.4 provides the full set of experimental instructions.

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 (Browning et al., 2003; Bound

et al., 2001).17 This measurement challenge is further complicated by the need to elicit

17In the context of self-reported expectations of future spending, Galashin et al. (2021) document a very
noisy relationship between spending plans and realized spending as measured in credit card data.
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these plans for different hypothetical scenarios. In addition, the elicitation of quantitative

spending plans would need to be in nominal dollar amounts, which will not only capture

changes in expected real spending but also differences in expected prices across the two

scenarios. This would complicate the interpretation of the elicited quantitative spending

plans (if a household expects to spend more under one scenario, this could mean that

the household expects higher consumption or that the household expects higher prices

under that scenario). We take two steps to circumvent these challenges: (i) we elicit be-

liefs about quantities purchased rather than spending in nominal terms and (ii) we elicit

consumption plans in the simplest possible way using qualitative questions.

After completing the two scenarios, we remind our respondents of the federal funds

rate in the two scenarios. We then ask our respondents to assess under which scenario

they would be more likely to make particular types of adjustments to their spending be-

havior over the next three months. The answer options are (i) in the no-change scenario,

(ii) same in both scenarios and (iii) in the rise scenario. Specifically, we ask our respon-

dents under which scenario their household would be more likely (i) to reduce purchases

of items that they consider to be non-essential, (ii) to cut back on the quality of the goods

and services consumed, e.g., to purchase store brands instead of name brands, (iii) to look

for deals to obtain the goods and services needed, e.g., to look for sales or rebates or to

make use of coupons. On top of this, we elicit a measure of adjustments to overall non-

durable purchases by asking them under which scenario their household would make

fewer purchases of non-durable goods and services, such as food, entertainment services

or clothing.

Effects on expectations Appendix Table A.10 highlights qualitatively similar differences

in expectations about the federal funds rate and inflation across scenarios as in the March

2022 survey. Different from the March 2022 survey, respondents now also expect lower

nominal income growth in response to the federal funds rate increase.18

18At the Jackson Hole conference in August 2022, the Federal Reserve Chair emphasized that higher
interest rates will also bring some pain to households and businesses. This speech by Federal Reserve
Chair Jerome H. Powell was widely covered in the news media and may have affected households’ views
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Self-reported and model-implied consumption counterfactuals To validate our ap-

proach, we compare consumption differences across scenarios as predicted by our model

with those reported by our respondents. Appendix Table A.11 displays relatively strong

model-implied consumption responses to the rate hike, amounting to−2.8percent assum-

ing that all non-hand-to-mouth households respond and amounting to −1.3 percent if

only attentive non-hand-to-mouth households respond. Figure 2 shows the self-reported

consumption responses, which provide a similar picture. 48.5 percent of respondents

consider it more likely to reduce their overall non-durable purchases in the federal funds

rate increase scenario, while 43 percent consider a reduction of non-durable purchases

equally likely across the two scenarios. Only 8.5 percent report a higher likelihood of

reducing non-durable purchases in the no-change scenario. The patterns are similar for

our other measures of consumption behavior (reducing purchases of non-essential items,

purchasing goods and services of lower quality, looking for sales or using more coupons).

Table 5 displays correlations between self-reported and model-implied consumption

adjustments across respondents. Specifically, we regress dummy variables taking value

one if a respondent reports a higher likelihood of making a specific type of downward ad-

justment to their consumption under the increase scenario on a dummy variable taking

value one if the model-implied consumption response is negative. A negative model-

implied consumption response is associated with a 12.9 percentage points greater ten-

dency to report that the household is more likely to reduce non-durable purchases under

the increase scenario (Column 1, Panel A, p < 0.01), which increases to 21.6 percentage

points when restricting the sample to non-hand-to-mouth households (Column 1, Panel

B, p < 0.01). Also our other self-reported consumption measures are strongly corre-

lated with the model-implied response, although the coefficient estimates are somewhat

smaller (Columns 2-4).

Summary Taken together, respondents’ self-reported consumption responses provide a

similar picture as the model-implied responses, and the two are strongly correlated with

ahead of the September 2022 FOMC meeting.
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each other. These findings validate our approach of using a model combined with ex-

pectation differences across scenarios measured in surveys to predict the effects of policy

changes on consumption.

Our model-based approach has a range of advantages compared to eliciting consump-

tion responses in the survey. First, it allows us to circumvent the problems related to

eliciting real vs nominal consumption and related to measurement error in self-reported

spending data outlined above, enabling us to make quantitative predictions about con-

sumption responses. Second, we can vary other model inputs, such as the degree of

attention to Fed announcements or the degree of liquidity constraints, and examine how

such changes affect predicted consumption responses. Finally, our approach circumvents

a problem related to how respondents interpret questions about consumption in the con-

text of our hypothetical vignettes. Specifically, it is not clear what the respondents “hold

fixed”. Do the responses reflect how much respondents’ consumption would change if

monetary policy was the only thing that changed? Or do the responses reflect how much

their consumption would change after everybody else has also changed their consump-

tion, leading to a change in output, income and inflation in the economy? By contrast, in

our approach, direct and indirect effects of monetary policy on consumption of non-hand-

to-mouth households are taken into account because they operate through the expectation

of the interest rate path, the expectation of the inflation rate path, and the expectation of

the net income path and these expectations are elicited for the two policy scenarios.

6 Conclusion

We propose an approach to assess the effects of policies on aggregate outcomes without

making assumptions on expectation formation. Specifically, we combine a standard con-

sumption model with expectation differences across policy scenarios elicited in a survey

to study the effects of both unconventional and conventional monetary policy. We find

that a 40 basis point forward guidance statement in March 2021 would have reduced

aggregate consumption by 0.14 percent on impact and a 40 basis point increase in the
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current policy rate in March 2022 would have reduced aggregate consumption by 0.30

percent on impact. We validate the consumption responses predicted by our approach

using an additional survey eliciting self-reported measures of consumption responses to

monetary policy announcements.

Our approach naturally lends itself to study the effects of policies in various other

contexts. It is particularly useful in settings where expectation formation is likely highly

state-dependent and where expectations of non-policy variables such as inflation and in-

come play an important role. For instance, one could conduct surveys eliciting expecta-

tions across different fiscal policy scenarios to study the effects of such policies on con-

sumption or investment behavior. Similarly, one could apply our approach to study the

effects of macroprudential policies, e.g. in the context of bank runs.
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Main figures

Figure 1: Subjective probability of becoming credit constrained: March 2021 main survey
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Notes: This figure displays histograms of respondents’ subjective probability of becoming credit constrained
at any point in time over the indicated horizons. The sample is restricted to non-hand-to-mouth households
in our March 2021 main survey on the effects of unconventional monetary policy.
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Figure 2: Self-reported consumption responses to conventional monetary policy: Septem-
ber 2022 survey
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Notes: This figure displays the shares of respondents reporting that particular types of consumption adjust-
ments to the hypothetical increase in the federal funds rate from 2.4 to 3.1 percent in September 2022 are
more likely in the no-change scenario, equally likely in both scenarios, or more likely in the federal funds
rate increase scenario, including error bands.
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Main tables

Table 1: Expectation differences across unconventional monetary policy scenarios: March
2021 main survey

Horizon

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

∆ Expected federal funds rate 0.053∗∗∗ 0.076∗∗∗ 0.191∗∗∗ 0.032 0.001
(0.013) (0.014) (0.019) (0.024) (0.028)

∆ Expected inflation rate -0.248∗∗∗ -0.165∗∗∗ -0.038 -0.134∗∗∗

(0.025) (0.029) (0.036) (0.040)

∆ Expected cumulative income growth -0.072 0.047 -0.192
(0.161) (0.172) (0.198)

Observations 1,370 1,370 1,370 1,370 1,370
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 in March 2021 on respondent’s own expectations
about the federal funds rate, inflation and the cumulative growth of nominal household net income at
different horizons. The sample is restricted to non-hand-to-mouth households in our March 2021 main
survey. 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: Model-based consumption responses to unconventional monetary policy: March
2021 main survey

Group 1:
HTM

Group 2:
Non-HTM

Prob. constr.
= 0%

Group 3a:
Non-HTM

0% <
Prob. constr.
≤ 50%

Group 3b:
Non-HTM

Prob. constr.
> 50% All

(1) (2) (3) (4) (5)

Panel A: All non-HTM react:

Overall response -0.475∗∗ 0.313 0.508 -0.148
(0.191) (0.357) (0.444) (0.128)

- Real income effects 0.273 1.681∗∗∗ 0.046 0.507∗∗∗

(0.269) (0.477) (0.363) (0.175)
- Intertemporal substitution effects -0.747∗∗∗ -1.365∗∗∗ -0.021∗∗ -0.681∗∗∗

(0.158) (0.300) (0.009) (0.105)
- Interest expense effects -0.001∗ -0.004 0.000 -0.001∗∗

(0.001) (0.002) (0.002) (0.001)
- Effects from real credit limit 0.482 0.028

(0.356) (0.021)

Observations 501 937 340 93 1,871
Panel B: Only attentive non-HTM react:

Overall response -0.320∗∗ 0.102 -0.005 -0.143
(0.157) (0.196) (0.348) (0.094)

- Real income effects 0.147 0.536∗ -0.045 0.189
(0.225) (0.298) (0.339) (0.134)

- Intertemporal substitution effects -0.467∗∗∗ -0.434∗∗ -0.001 -0.334∗∗∗

(0.129) (0.181) (0.003) (0.077)
- Interest expense effects -0.001∗ -0.000 0.002∗ -0.000

(0.000) (0.001) (0.001) (0.000)
- Effects from real credit limit 0.039 0.002

(0.071) (0.004)

Observations 501 937 340 93 1,871
Notes: This table shows the immediate consumption responses to the hypothetical increase in the Fed’s pro-
jection of the future federal funds rate at the end of 2023 from 0.1 to 0.5 percent in March 2021 according to
the model, using the survey-based changes in expectations. We assume effects on expectations to converge
to zero at a quarterly rate ρ = 0.1 for horizons beyond those measured in the survey. In Panel A all of the
included non-HTM households are assumed to react. In Panel B only those included non-HTM households
that report that they typically learn about Fed announcements within seven days (61 percent of non-HTM
households) are assumed to react, while the consumption response is set to zero among those that report
that it typically takes longer than seven days or that they typically never hear about Fed announcements
(39 percent). We assume that households of group 3a behave as if they expected never to be constrained.
We assume that households of group 3b behave as if they expected to be constrained with certainty in the
next quarter. Each of the four terms of the consumption response is winsorized at -15 percent and 15 per-
cent. 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.

44



Table 3: Expectation differences across conventional monetary policy scenarios: March
2022 survey

Horizon

(1) (2) (3) (4) (5)
2022 2023 2024 2027 2031

∆ Expected federal funds rate 0.226∗∗∗ 0.227∗∗∗ 0.197∗∗∗ 0.145∗∗∗ 0.040
(0.021) (0.024) (0.028) (0.031) (0.034)

∆ Expected inflation rate 0.155∗∗∗ 0.193∗∗∗ 0.293∗∗∗ 0.214∗∗∗

(0.051) (0.058) (0.062) (0.066)

∆ Expected cumulative income growth -0.242 0.297 -0.430
(0.335) (0.368) (0.450)

Observations 462 462 462 462 462
Notes: This table shows the effect of the hypothetical increase in the federal funds rate from 0.1 to 0.5
percent in March 2022 on respondent’s own expectations about the federal funds rate, inflation and the
cumulative growth of nominal household net income at different horizons. The sample is restricted to non-
hand-to-mouth households in our March 2022 survey. 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: Model-based consumption responses to conventional monetary policy: March
2022 survey

Group 1:
HTM

Group 2:
Non-HTM

Prob. constr.
= 0%

Group 3a:
Non-HTM

0% <
Prob. constr.
≤ 50%

Group 3b:
Non-HTM

Prob. constr.
> 50% All

(1) (2) (3) (4) (5)

Panel A: All non-HTM react:

Overall response -1.225∗∗∗ -1.292∗∗∗ 0.015 -0.883∗∗∗

(0.388) (0.402) (0.719) (0.198)
- Real income effects -0.766 -1.425∗∗ 0.065 -0.770∗∗∗

(0.562) (0.557) (0.720) (0.280)
- Intertemporal substitution effects -0.459 0.134 0.004 -0.111

(0.293) (0.327) (0.013) (0.155)
- Interest expense effects 0.000 0.000 -0.007 -0.000

(0.001) (0.001) (0.020) (0.001)
- Effects from real credit limit -0.047 -0.002

(0.038) (0.001)

Observations 230 205 222 35 692
Panel B: Only attentive non-HTM react:

Overall response -0.332 -0.501∗∗ -0.058 -0.295∗∗∗

(0.247) (0.205) (0.037) (0.113)
- Real income effects -0.019 -0.407 -0.048 -0.153

(0.382) (0.336) (0.038) (0.178)
- Intertemporal substitution effects -0.313 -0.094 -0.002 -0.142

(0.223) (0.197) (0.004) (0.105)
- Interest expense effects -0.000 -0.000 -0.000 -0.000

(0.000) (0.001) (0.003) (0.000)
- Effects from real credit limit -0.008 -0.000

(0.006) (0.000)

Observations 230 205 222 35 692
Notes: This table shows the immediate consumption responses to the hypothetical increase in the federal
funds rate from 0.1 to 0.5 percent in March 2022 according to the model, using the survey-based changes in
expectations. We assume effects on expectations to converge to zero at a quarterly rate ρ = 0.1 for horizons
beyond those measured in the survey. In Panel A all of the included non-HTM households are assumed
to react. In Panel B only those included non-HTM households that report that they typically learn about
Fed announcements within seven days (41 percent of non-HTM households) are assumed to react, while
the consumption response is set to zero among those that report that it typically takes longer than seven
days or that they typically never hear about Fed announcements (59 percent). We assume that households
of group 3a behave as if they expected never to be constrained. We assume that households of group 3b
behave as if they expected to be constrained with certainty in the next quarter. Each of the four 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 2021. 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: Validation of model-based consumption responses to conventional monetary pol-
icy with self-reported responses: September 2022 survey

Reports higher likelihood of . . .
in federal funds rate increase scenario

(1) (2) (3) (4)
reducing

non-durable
purchases

purchasing
fewer

non-essentials

purchasing
lower

quality

using
more

coupons

Panel A: Full sample

1 (Model-based consumption response < 0) 0.129∗∗∗ 0.091∗∗ 0.090∗∗ 0.073∗∗

(0.036) (0.037) (0.036) (0.036)

Observations 1,106 1,106 1,106 1,106
R-squared 0.02 0.01 0.01 0.01
Panel B: Non-HTM households

1 (Model-based consumption response < 0) 0.216∗∗∗ 0.186∗∗∗ 0.157∗∗∗ 0.140∗∗∗

(0.049) (0.049) (0.048) (0.049)

Observations 790 790 790 790
R-squared 0.03 0.02 0.02 0.01

Notes: This table correlates immediate consumption responses to the hypothetical increase in the federal
funds rate from 2.4 to 3.1 percent in September 2022 as reported by the respondents with consumption
responses based on the model (using the survey-based changes in expectations). The outcome variables
are dummy variables taking value one if the respondent reports that its household would be more likely
to make a given type of consumption adjustment under the “increase scenario” than under the “no-change
scenario”. The independent variable is a dummy variable indicating whether the model-implied consump-
tion response is negative. The model-implied responses are calculated as explained in the note to Appendix
Table A.11. Panel A is based on the full sample, while Panel B focuses on non-HTM households. All corre-
lations are weighted by the respondents’ total household spending in 2021. Robust standard errors are in
parentheses. * denotes significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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Online Appendix: The Effects of Monetary Policy:
Theory with Measured Expectations

Christopher Roth Mirko Wiederholt Johannes Wohlfart

A Proofs

In this Appendix, we introduce notation (Section A.1), formally state the decision problem of a

household (Section A.2) and derive equations (8) and (10) in the paper (Section A.3).

A.1 Notation

Let st denote the vector of exogenous shocks that nature draws in period t. This vector st con-

tains all aggregate and idiosyncratic shocks to the economy. Let x−1 denote the vector of initial

conditions that nature drew before period zero. Let st = {x−1, s0, s1, . . . , st} denote the exoge-

nous history of the economy up to and including period t. Let zt
i denote the information set of

household i in period t. We assume that st is drawn from a finite set St and zt
i is drawn from a

finite set Zt
i . Let pi,τ

(
st, zt

i
)

denote household i’s period-τ subjective probability of the realization(
st, zt

i
)
. Finally, let Xi,τ

(
st) denote household i’s subjective belief in period τ about the value of

the endogenous variable Xt at history st.

This setup is extremely general. It imposes no restrictions on the exogenous histories, st, the

information sets, zt
i , the subjective probabilities, pi,τ

(
st, zt

i
)

, and the subjective models, Xi,τ
(
st),

apart from the finiteness of the set of possible realizations of
(
st, zt

i
)
.

The standard procedure in DSGE models is to impose additional restrictions on these objects.

For example, the assumption of rational expectations is nested as a special case by imposing two

restrictions: (i) the subjective probability pi,τ
(
st, zt

i
)

equals the objective probability of the realization(
st, zt

i
)

given information zτ
i , and (ii) the subjective model Xi,τ

(
st) equals the equilibrium outcome of

variable Xt at history st. The assumption of full-information, rational expectations (FIRE) is nested

as a special case by imposing restriction (i), restriction (ii), and zt
i = st. In this paper, we follow

a different strategy. We avoid imposing restrictions on pi,τ
(
st, zt

i
)
, Xi,τ

(
st), and zt

i as much as we

can.
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A.2 Statement of the decision problem of a household

Before we formally state the decision problem of a household, we introduce three concepts: planned

consumption, highest feasible consumption, and actual consumption.

Let C
(
zt

i
)

and N
(
zt

i
)

denote household i’s period-zero plan for consumption and hours worked

in period t at information set zt
i . The two parentheses indicate that the household’s actions in pe-

riod t have to be measurable with respect to the household’s information in period t.

The highest feasible consumption of household i in period t at history st and information set

zt
i , denoted C̄

(
st, zt

i
)

, is given by the flow budget constraint and the borrowing limit:

C̄
(
st, zt

i
)
=

1
P (st)

[
W
(
st)N

(
zt

i
)
+ D

(
st)+ R

(
st−1

)
B
(

st−1, zt−1
i

)
− T

(
st)+ L

(
st)] . (17)

Here W
(
st), D

(
st), T

(
st), and L

(
st) denote the household’s individual nominal wage rate, divi-

dend income, tax payment, and borrowing limit at history st, R
(
st−1) denotes the gross nominal

interest rate on bond holdings between periods t− 1 and t at history st−1, and P
(
st) denotes the

price level at history st. N
(
zt

i
)

are household i’s hours worked in period t at information set zt
i

and B
(

st−1, zt−1
i

)
denotes household i’s nominal bond holdings between periods t − 1 and t at

history st−1 and information set zt−1
i . The highest feasible consumption of household i in period

t depends on the history st and the information set zt
i , because all variables that the household

takes as given are a function of the history st, the household’s hours worked are a function of the

information set zt
i , and the household’s nominal bond holdings between periods t− 1 and t are a

function of st−1 and zt−1
i .

The actual consumption of household i in period t at history st and information set zt
i , denoted

C
(
st, zt

i
)
, is given by

C
(
st, zt

i
)
= min

{
C
(
zt

i
)

; C̄
(
st, zt

i
)}

. (18)

If planned consumption exceeds the highest feasible consumption, the credit card payment does

not go through and actual consumption equals the highest feasible consumption. By contrast, if

planned consumption does not exceed the highest feasible consumption, the credit card payment

goes through and actual consumption equals planned consumption.
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The expected utility of household i in period zero can be written as:

Ei,0

[
∞

∑
t=0

βt

(
C1−γ

i,t

1− γ
− vi (Ni,t)

)]
=

∞

∑
t=0

∑
st∈St

∑
zt

i∈Zt
i

pi,0
(
st, zt

i
)

βt

(
Ci,0

(
st, zt

i
)1−γ

1− γ
− vi

(
N
(
zt

i
)))

,

(19)

with

Ci,0
(
st, zt

i
)
= min

{
C
(
zt

i
)

; C̄i,0
(
st, zt

i
)}

. (20)

Here pi,0
(
st, zt

i
)

denotes household i’s period-zero subjective probability of the realization
(
st, zt

i
)
,

Ci,0
(
st, zt

i
)

denotes household i’s period-zero belief about its actual consumption at history st and

information set zt
i , C

(
zt

i
)

denotes household i’s period-zero plan for consumption in period t at

information set zt
i , and C̄i,0

(
st, zt

i
)

denotes household i’s period-zero belief about its highest fea-

sible consumption at history st and information set zt
i . Equation (20) states that the household is

aware of the fact that, if it attempts to spend more than it can, its actual consumption will equal

its highest feasible consumption. Finally, N
(
zt

i
)

denotes household i’s period-zero plan for hours

worked in period t at information set zt
i .

We assume that each household knows the structure of the flow budget constraint. That is,

each household understands that bond holdings between periods t and t + 1 equal the difference

between total after-tax income in period t and consumption expenditure in period t. Formally,

household i’s period-zero subjective belief about the value of its nominal bond holdings between

periods t and t + 1 at history st and information set zt
i , denoted Bi,0

(
st, zt

i
)
, is given by:

Bi,0
(
st, zt

i
)
= Wi,0

(
st)N

(
zt

i
)
+Di,0

(
st)+Ri,0

(
st−1

)
Bi,0

(
st−1, zt−1

i

)
−Ti,0

(
st)− Pi,0

(
st)Ci,0

(
st, zt

i
)

,

(21)

where Wi,0
(
st), Di,0

(
st), and Ti,0

(
st) denote household i’s period-zero belief about its nominal

wage rate, its dividend income, and its tax payment at history st, Pi,0
(
st) denotes household i’s

period-zero belief about the price level at history st, Ri,0
(
st−1) denotes household i’s period-zero

belief about the gross nominal interest rate at history st−1, Ci,0
(
st, zt

i
)

denotes household i’s period-

zero belief about its actual consumption at history st and information set zt
i , and N

(
zt

i
)

denotes

household i’s period-zero plan for hours worked at information set zt
i .

It is important to emphasize that equation (21) is extremely general. To see this, consider the

consequences of imposing additional assumptions. For example, imposing the assumption that
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households have correct beliefs about the outcomes at history st and information set zt
i , equation

(21) reduces to

B
(
st, zt

i
)
= W

(
st)N

(
zt

i
)
+ D

(
st)+ R

(
st−1

)
B
(

st−1, zt−1
i

)
− T

(
st)− P

(
st)C

(
st, zt

i
)

. (22)

Furthermore, imposing the additional assumption that households have complete information

(i.e., zt
i = st), equation (22) reduces to

B
(
st) = W

(
st)N

(
st)+ D

(
st)+ R

(
st−1

)
B
(

st−1
)
− T

(
st)− P

(
st)C

(
st) . (23)

The last equation is the usual formulation of the flow budget constraint with history notation.

Going from equation (23) to equation (22) one allows for the possibility that households have

incomplete information. Going from equation (22) to equation (21) one, in addition, allows for the

possibility that households have non-rational expectations.

We also assume that each household knows that there exists a borrowing limit. Let Li,0
(
st)

denote household i’s period-zero subjective belief about its borrowing limit in period t at history

st. This formulation nests the possibility that the household has correct beliefs about the borrowing

limit at history st (Li,0
(
st) = L

(
st)); it also nests the possibility that the household has incorrect

beliefs about the borrowing limit at history st (Li,0
(
st) 6= L

(
st)).

Finally, we assume that households are capable of combining their knowledge of the struc-

ture of the flow budget constraint with their beliefs about the borrowing limit to arrive at beliefs

about the highest feasible consumption in period t at history st and information set zt
i , denoted

C̄i,0
(
st, zt

i
)
,

C̄i,0
(
st, zt

i
)
=

1
Pi,0 (st)

[
Wi,0

(
st)N

(
zt

i
)
+ Di,0

(
st)+ Ri,0

(
st−1

)
Bi,0

(
st−1, zt−1

i

)
− Ti,0

(
st)+ Li,0

(
st)] .

(24)

Equation (24) follows from equation (21) by setting Bi,0
(
st, zt

i
)

equal to −Li,0
(
st) and solving for

consumption.

Statement of the decision problem of a household: In period zero, each household i makes a

plan for consumption and hours worked
{

C
(
zt

i
)

, N
(
zt

i
)}∞

t=0, with C
(
zt

i
)
∈ R++ and N

(
zt

i
)
∈ R+,
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so as to maximize the expected utility (19) subject to equations (20), (21) and (24).

Equation (19) is the equation for the expected utility of household i in period zero. Equation

(20) characterizes household i’s period-zero belief about its actual consumption at history st and

information set zt
i : the household is aware of the fact that, if it attempts to spend more than it can,

its actual consumption will equal its highest feasible consumption. Equation (21) characterizes

the household’s period-zero belief about the evolution of bond holdings over time: the household

understands that savings equal the difference between total after-tax income and consumption

expenditure. Equation (24) characterizes the household’s period-zero belief about its highest fea-

sible consumption at history st and information set zt
i : the household is capable of combining

its knowledge of the structure of the flow budget constraint with its belief about the borrowing

limit to arrive at beliefs about the highest feasible consumption. All four equations are based on

household i’s period-zero subjective beliefs. Hence, all variables have a subscript i, 0.

A.3 Consumption functions of different types of households

This subsection contains the derivations of equations (8) and (10) in the paper.

Definition 1: We say household i is “ex-ante non-hand-to-mouth for all periods t = 0, 1, 2, . . .,”

if the solution to the decision problem of the household,
{

C∗
(
zt

i
)

, N∗
(
zt

i
)}∞

t=0, has the property

C∗
(
zt

i
)
< C̄i,0

(
st, zt

i
)

for all t = 0, 1, 2, . . . and for all st ∈ St and zt
i ∈ Zt

i with pi,0
(
st, zt

i
)
> 0.

For a household who is ex-ante non-hand-to-mouth for all periods t = 0, 1, 2, . . .”, the subjec-

tive probability of becoming hand-to-mouth (i.e., consuming all available resources) equals zero

for any horizon under the optimal plan.

Proposition 1: Consider any household who is ex-ante non-hand-to-mouth for all periods

t = 0, 1, 2, . . . and who believes that it cannot run a Ponzi scheme.

• The planned consumption of the household in period zero, C
(
z0

i

)
, is given by two equa-

tions: the perceived lifetime budget constraint, equation (33), and the Euler equation based

on subjective beliefs, equation (34).

• Log-linearizing these two equations at a point, where all variables are constant over time

and R/Π = 1/β, yields the log-linear consumption function
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c
(
z0

i
)
=

(1− β) Ỹ
C Ei,0

[
∑∞

t=0 βt
(

ỹi,t +
1
β B̃

Ỹ r̃t

)]
− 1

γ Ei,0
[
∑∞

t=1 βtr̃t
]

+ (1− β)
1
β B̃
C Ei,0

[
b̃i,−1

] . (25)

Proof: First, we derive household i’s period-zero belief about its lifetime budget constraint

from equation (21) and from the household’s belief that it cannot run a Ponzi scheme. Household

i’s period-zero belief about the value of its nominal bond holdings between periods t and t + 1 at

history st and information set zt
i is given by equation (21):

Bi,0
(
st, zt

i
)
= Wi,0

(
st)N

(
zt

i
)
+Di,0

(
st)+Ri,0

(
st−1

)
Bi,0

(
st−1, zt−1

i

)
−Ti,0

(
st)− Pi,0

(
st)Ci,0

(
st, zt

i
)

.

(26)

Dividing both sides of the equation by Pi,0
(
st) yields household i’s period-zero belief about the

value of its real bond holdings between periods t and t + 1 at history st and information set zt
i :

B̃i,0
(
st, zt

i
)
= Ỹi,0

(
st, zt

i
)
+ R̃i,0

(
st) B̃i,0

(
st−1, zt−1

i

)
− Ci,0

(
st, zt

i
)

, (27)

where
B̃i,0

(
st, zt

i
)
=

Bi,0(st,zt
i)

Pi,0(st)

Ỹi,0
(
st, zt

i
)
=

Wi,0(st)N(zt
i)+Di,0(st)−Ti,0(st)
Pi,0(st)

R̃i,0
(
st) = Ri,0(st−1)Pi,0(st−1)

Pi,0(st)
.

(28)

Here B̃i,0
(
st, zt

i
)

is household i’s period-zero belief about its real bond holdings between periods t

and t+ 1, Ỹi,0
(
st, zt

i
)

is household i’s period-zero belief about its real non-interest income in period

t, and R̃i,0
(
st) is household i’s period-zero belief about the real interest rate between periods t− 1

and t. Solving equation (27) for B̃i,0

(
st−1, zt−1

i

)
yields

B̃i,0

(
st−1, zt−1

i

)
=

1
R̃i,0 (st)

[
Ci,0

(
st, zt

i
)
− Ỹi,0

(
st, zt

i
)]

+
1

R̃i,0 (st)
B̃i,0

(
st, zt

i
)

. (29)

Solving this equation forward from period zero onwards and using the fact that the household

believes that it cannot run a Ponzi scheme along any path yields the lifetime budget constraint:

B̃i,0

(
s−1, z−1

i

)
=

∞

∑
t=0

1

∏t
k=0 R̃i,0 (sk)

[
Ci,0

(
st, zt

i
)
− Ỹi,0

(
st, zt

i
)]

. (30)
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Multiplying both sides of the last equation by R̃i,0
(
s0) yields

R̃i,0
(
s0) B̃i,0

(
s−1, z−1

i

)
=

∞

∑
t=0

1

∏t
k=1 R̃i,0 (sk)

[
Ci,0

(
st, zt

i
)
− Ỹi,0

(
st, zt

i
)]

. (31)

This equation says that, along any path, the present value of consumption minus the present value

of income has to equal real liquid wealth at the beginning of period zero. Using the fact that the

household is ex-ante non-hand-to-mouth for all periods t = 0, 1, 2, . . ., and thus expects to be able

to implement its consumption plan at each point in time, Ci,0
(
st, zt

i
)
= C

(
zt

i
)
, yields

R̃i,0
(
s0) B̃i,0

(
s−1, z−1

i

)
=

∞

∑
t=0

1

∏t
k=1 R̃i,0 (sk)

[
C
(
zt

i
)
− Ỹi,0

(
st, zt

i
)]

. (32)

Finally, since the last equation holds along any path, it also has to hold in expectations across

paths, yielding

∑
s0∈S0

pi,0
(
s0) R̃i,0

(
s0) B̃i,0

(
s−1, z−1

i

)
=

∞

∑
t=0

∑
st∈St

∑
zt

i∈Zt
i

pi,0
(
st, zt

i
) 1

∏t
k=1 R̃i,0 (sk)

[
C
(
zt

i
)
− Ỹi,0

(
st, zt

i
)]

,

(33)

where pi,0
(
s0) is household i’s period-zero subjective probability of the realization s0. In the spe-

cial case, where the household believes to have complete information about the history of the

economy in period zero, we have pi,0
(
s0) = 1 for one element of S0 and pi,0

(
s0) = 0 for all other

elements of S0 on the left-hand side of equation (33). In the special case, where the household

believes to have perfect foresight about the future of the economy in period zero, the triple sum

on the right-hand side of equation (33) reduces to a single sum, because pi,0
(
st, zt

i
)
= 1 for one

element of St × Zt
i and pi,0

(
st, zt

i
)
= 0 for all other elements of St × Zt

i .

Second, an optimal plan has to satisfy the following optimality condition, for all t = 1, 2, . . .:

C
(
z0

i
)−γ

= ∑
st∈St

∑
zt

i∈Zt
i

pi,0
(
st, zt

i
)

βt

(
t

∏
k=1

R̃i,0

(
sk
))

C
(
zt

i
)−γ . (34)

If a plan
{

C
(
zt

i
)

, N
(
zt

i
)}∞

t=0 violates this condition, then there exists a deviation from the plan that

raises the expected utility of household i in period zero. If the left-hand side of equation (34) is

strictly smaller than the right-hand side of equation (34) for some t = 1, 2, . . ., the household can

raise expected utility through the following deviation: in period zero, consume marginally less
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and, in period t, consume the ex-post, cumulative, real gross return (∏t
k=1 R̃i,0

(
sk)) on the addi-

tional saving. To implement this deviation, the household only has to observe the cumulative, real

gross return. Hence, we assume that the household believes that it will observe that cumulative

return. If the left-hand side of equation (34) is strictly larger than the right-hand side of equation

(34) for some t = 1, 2, . . ., the household can raise expected utility through a similar deviation:

in period zero, consume marginally more and, in period t, reduce consumption by the ex-post,

cumulative, real gross return on the missing saving.

Third, we log-linearize the perceived lifetime budget constraint, equation (33). Expressing this

equation in terms of log-deviations from a point, where all variables are constant over time and

R̃ = 1/β, yields:

∑s0∈S0 pi,0
(
s0) 1

β B̃er̃i,0(s0)+b̃i,0(s−1,z−1
i )

= ∑∞
t=0 ∑st∈St ∑zt

i∈Zt
i

pi,0
(
st, zt

i
)

βte−∑t
k=1 r̃i,0(sk)

[
Cec(zt

i) − Ỹeỹi,0(st,zt
i)
]

,
(35)

where
c
(
zt

i
)
= ln

(
C
(
zt

i
)

/C
)

ỹi,0
(
st, zt

i
)
= ln

(
Ỹi,0

(
st, zt

i
)

/Ỹ
)

b̃i,0

(
s−1, z−1

i

)
= ln

(
B̃i,0

(
s−1, z−1

i

)
/B̃
)

r̃i,0
(
sk) = ln

(
R̃i,0

(
sk) /R̃

)
(36)

for some (household-specific) C, Ỹ, and B̃. In the empirical implementation, Ỹ and B̃ will be the

non-interest income and the liquid wealth of the household in the previous year. A first-order

Taylor approximation of equation (35) at zero yields

∑s0∈S0 pi,0
(
s0) 1

β B̃
(

r̃i,0
(
s0)+ b̃i,0

(
s−1, z−1

i

))
= ∑∞

t=0 ∑st∈St ∑zt
i∈Zt

i
pi,0
(
st, zt

i
)

βt [C (−∑t
k=1 r̃i,0

(
sk)+ c

(
zt

i
))
− Ỹ

(
−∑t

k=1 r̃i,0
(
sk)+ ỹi,0

(
st, zt

i
))]

,
(37)

which can also be written as

c
(
z0

i
)
+Ei,0

[
∞

∑
t=1

βt

(
−

t

∑
k=1

r̃k + ci,t

)]
=

1
β B̃

C
Ei,0

[
r̃0 + b̃i,−1

]
+

Ỹ
C

Ei,0

[
ỹi,0 +

∞

∑
t=1

βt

(
−

t

∑
k=1

r̃k + ỹi,t

)]
.

(38)

Equation (38) states that the expected present value of consumption equals the perceived beginning-

of-period-zero real financial wealth plus the expected present value of real non-interest income.

8



Fourth, we log-linearize the optimality condition, equation (34). Expressing this equation in

terms of log-deviations from a point, where all variables are constant over time and R̃ = 1/β,

yields:

e−γc(z0
i ) = ∑

st∈St
∑

zt
i∈Zt

i

pi,0
(
st, zt

i
)

e∑t
k=1 r̃i,0(sk)−γc(zt

i). (39)

A first-order Taylor approximation of the last equation at zero yields

− γc
(
z0

i
)
= ∑

st∈St
∑

zt
i∈Zt

i

pi,0
(
st, zt

i
) [ t

∑
k=1

r̃i,0

(
sk
)
− γc

(
zt

i
)]

. (40)

This equation can also be written as

− γc
(
z0

i
)
= Ei,0

[
t

∑
k=1

r̃k − γci,t

]
, (41)

or equivalently

Ei,0 [ci,t] =
1
γ

Ei,0

[
t

∑
k=1

r̃k

]
+ c

(
z0

i
)

. (42)

Fifth, we combine equations (38) and (42). Using equation (42) to substitute for Ei,0 [ci,t] in

equation (38) yields

1
1− β

c
(
z0

i
)
+

(
1
γ
− 1
) ∞

∑
t=1

βtEi,0

[
t

∑
k=1

r̃k

]
=

1
β B̃

C
Ei,0

[
r̃0 + b̃i,−1

]
+

Ỹ
C

Ei,0

[
ỹi,0 +

∞

∑
t=1

βt

(
−

t

∑
k=1

r̃k + ỹi,t

)]
.

(43)

This equation can also be written as

1
1− β

c
(
z0

i
)
+

(
1
γ
+

Ỹ− C
C

)
1

1− β

∞

∑
t=1

βtEi,0 [r̃t] =

1
β B̃

C
Ei,0

[
r̃0 + b̃i,−1

]
+

Ỹ
C

Ei,0

[
∞

∑
t=0

βtỹi,t

]
, (44)

since
∞

∑
t=1

βtEi,0

[
t

∑
k=1

r̃k

]
=

1
1− β

∞

∑
t=1

βtEi,0 [r̃t] . (45)

Multiplying both sides of equation (44) by (1− β) and moving the interest rate term on the right-

hand side of equation (44) yields
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c
(
z0

i
)
=

(1− β) Ỹ
C Ei,0

[
∑∞

t=0 βtỹi,t
]

−
(

1
γ −

C−Ỹ
C

)
Ei,0

[
∑∞

t=1 βtr̃t
]

+ (1− β)
1
β B̃
C Ei,0

[
r̃0 + b̃i,−1

] . (46)

Finally, we log-linearized equations (33) and (34) at a point, where all variables are constant over

time, which requires the following relationship across variables in that point: C = Ỹ +
(

1
β − 1

)
B̃.

Using this equation to substitute for C − Ỹ in the last equation and rearranging yields the log-

linear consumption function, equation (25).

Next, we turn to the consumption function of a household who is ex-ante non-hand-to-mouth

in the current period and who expects to become hand-to-mouth in the next period with a high

probability.

Definition 2: We say household i is “ex-ante non-hand-to-mouth in period t = 0,” if the solu-

tion to the decision problem of the household,
{

C∗
(
zt

i
)

, N∗
(
zt

i
)}∞

t=0, has the property C∗
(
z0

i

)
<

C̄i,0
(
s0, z0

i

)
for all s0 ∈ S0 and z0

i ∈ Z0
i with pi,0

(
s0, z0

i

)
> 0.

For a household who is “ex-ante non-hand-to-mouth in period zero”, the subjective probability

of becoming hand-to-mouth (i.e., consuming all available resources) in the current period equals

zero under the optimal plan.

Proposition 2: Consider any household who is ex-ante non-hand-to-mouth in period zero and

believes that it will become hand-to-mouth in period one with probability one.

• The planned consumption of the household in period zero, C
(
z0

i

)
, is given by two equa-

tions: the household’s period-zero belief about its highest feasible consumption at history

s1 and information set z1
i , equation (53), and the Euler equation based on subjective beliefs,

equation (55).

• Combining these two equations yields the following equation for the planned consumption

of the household in period zero:

C
(
z0

i
)−γ

= ∑
s1∈S1

∑
z1

i ∈Z1
i

pi,0

(
s1, z1

i

)
βR̃i,0

(
s1
) [

X̃i,0

(
s1, z1

i

)
− R̃i,0

(
s1
)

C
(
z0

i
)]−γ

, (47)
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with

X̃i,0

(
s1, z1

i

)
= R̃i,0

(
s1
) [

Ỹi,0
(
s0, z0

i
)
+ R̃i,0

(
s0) B̃i,0

(
s−1, z−1

i

)]
+ Ỹi,0

(
s1, z1

i

)
+ L̃i,0

(
s1
)

.

(48)

• Log-linearizing the consumption function (47) at a point, where all variables are constant

over time and R/Π = 1/β, yields the log-linear consumption function

c
(
z0

i
)
=

1
C
Ỹ

1
1+β Ei,0

[
∑1

t=0 βt
(

ỹi,t +
1
β

B̃
Ỹ (rt−1 − πt)

)]
− 1

γ
β

1+β Ei,0 [r0 − π1]

+ 1
C
Ỹ

1
1+β Ei,0

[
1
β

B̃
Ỹ b̃i,−1 + β L̃

Ỹ l̃i,1
] . (49)

Proof: First, household i’s period-zero belief about the highest feasible consumption in period one

at history s1 and information set z1
i is given by equation (24):

C̄i,0

(
s1, z1

i

)
=

1
Pi,0 (s1)

[
Wi,0

(
s1
)

N
(

z1
i

)
+ Di,0

(
s1
)
+ Ri,0

(
s0) Bi,0

(
s0, z0

i
)
− Ti,0

(
s1
)
+ Li,0

(
s1
)]

.

(50)

Household i’s period-zero belief about the value of its nominal bond holdings between periods

zero and one at history s0 and information set z0
i is given by equation (21):

Bi,0
(
s0, z0

i
)
= Wi,0

(
s0)N

(
z0

i
)
+Di,0

(
s0)+Ri,0

(
s−1
)

Bi,0

(
s−1, z−1

i

)
−Ti,0

(
s0)− Pi,0

(
s0)Ci,0

(
s0, z0

i
)

.

(51)

Using the fact that the household is ex-ante non-hand-to-mouth in period zero implies that the

household expects to be able to implement its consumption plan in period zero:

Ci,0
(
s0, z0

i
)
= C

(
z0

i
)

. (52)

Combining the last three equations yields the following equation for household i’s period-zero

belief about the highest feasible consumption at history s1 and information set z1
i :

C̄i,0

(
s1, z1

i

)
= X̃i,0

(
s1, z1

i

)
− R̃i,0

(
s1
)

C
(
z0

i
)

, (53)
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with

X̃i,0

(
s1, z1

i

)
= R̃i,0

(
s1
) [

Ỹi,0
(
s0, z0

i
)
+ R̃i,0

(
s0) B̃i,0

(
s−1, z−1

i

)]
+ Ỹi,0

(
s1, z1

i

)
+ L̃i,0

(
s1
)

. (54)

Here Ỹi,0
(
s0, z0

i

)
is household i’s period-zero belief about its real non-interest income in period

zero at history s0 and information set z0
i . See equation (28).

Second, an optimal plan has to satisfy the following optimality condition:

C
(
z0

i
)−γ

= ∑
s1∈S1

∑
z1

i ∈Z1
i

pi,0

(
s1, z1

i

)
βR̃i,0

(
s1
) [

C̄i,0

(
s1, z1

i

)]−γ
. (55)

If a plan violates this condition, then there exists a deviation from the plan that raises the expected

utility of household i in period zero. If the left-hand side of equation (55) is strictly smaller than the

right-hand side of equation (55), the household can raise expected utility by consuming marginally

less in period zero and consuming the ex-post real gross return on the extra saving in period one.

If the left-hand side of equation (55) is strictly larger than the right-hand side of equation (55), the

household can raise expected utility by consuming marginally more in period zero and reducing

consumption in period one by the ex-post real gross return on the missing saving. The value of

consumption on the right-hand side of equation (55) equals the highest feasible consumption at

every history s1 and information set z1
i , because of the condition that the household believes that

it will become hand-to-mouth in period one with probability one.

Third, we combine equations (53) and (55). Using equation (53) to substitute for C̄i,0
(
s1, z1

i
)

in equation (55) yields the following equation for the planned consumption of the household in

period zero:

C
(
z0

i
)−γ

= ∑
s1∈S1

∑
z1

i ∈Z1
i

pi,0

(
s1, z1

i

)
βR̃i,0

(
s1
) [

X̃i,0

(
s1, z1

i

)
− R̃i,0

(
s1
)

C
(
z0

i
)]−γ

, (56)

where X̃i,0
(
s1, z1

i
)

is given by equation (54).

Fourth, log-linearizing equation (56) at a point, where all variables are constant over time and

R̃ = 1/β, yields

c
(
z0

i
)
=

1
1 + β

Ei,0

[
Ỹ
C
(ỹi,0 + βỹi,1) +

B̃
C

1
β

(
b̃i,−1 + r̃0 + βr̃1

)
+

L̃
C

βl̃i,1

]
− 1

γ

1
1 + β

Ei,0 [βr̃1] . (57)
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Here C, Ỹ, B̃, and L̃ denote consumption, real non-interest income, real bond holdings, and real

borrowing limit at the point around which we log-linearize, and small roman letters denote log-

deviations from this point:

ỹi,0 = ln
(
Ỹi,0/Ỹ

)
ỹi,1 = ln

(
Ỹi,1/Ỹ

)
b̃i,−1 = ln

(
B̃i,−1/B̃

)
r̃0 = ln

(
R̃0/R̃

)
r̃1 = ln

(
R̃1/R̃

)
l̃i,1 = ln

(
L̃i,1/L̃

)
c
(
z0

i

)
= ln

(
C
(
z0

i

)
/C
)

.

(58)

Rearranging the right-hand side of equation (57) and using R̃t =
Rt−1
Πt

, Πt =
Pt

Pt−1
, and r̃t = rt−1−πt

with rt−1 = ln (Rt−1/R) and πt = ln (Πt/Π) yields the log-linear consumption function, equation

(49).

A.4 The actual consumption of a household in period zero

The actual consumption of household i in period zero at history s0 and information set z0
i equals

the minimum of planned consumption of the household at information set z0
i and highest feasible

consumption:

C
(
s0, z0

i
)
= min

{
C
(
z0

i
)

; C̄
(
s0, z0

i
)}

. (59)

See equation (18). Equation (59) is simply equation (18) for the special case of t = 0. If planned con-

sumption exceeds the highest feasible consumption, the credit card payment does not go through

and actual consumption equals the highest feasible consumption, C
(
s0, z0

i

)
= C̄

(
s0, z0

i

)
. By con-

trast, if planned consumption does not exceed the highest feasible consumption, the credit card

payment goes through and actual consumption equals planned consumption, C
(
s0, z0

i

)
= C

(
z0

i

)
.

In the main body of the paper, we assume that households know their available resources in

period zero. In this case, each household knows its highest feasible consumption in period zero.

Hence, no household accidentally hits the borrowing limit in period zero and actual consumption

equals planned consumption in period zero. If households do not all know their available re-

sources in period zero, there is a change in the interpretation of the object that we compute. In that
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case, we classify households as ex-ante non-hand-to-mouth in period zero based on their answers

to the balance sheet questions (Section 3.4) and we compute planned consumption from equations

(8) and (10). Some of these households may ex-post accidentally hit the borrowing limit, because

they are wrong about their balance sheet or their credit limit, and for this subset of households

actual consumption will be smaller than planned consumption.

B Expectations across policies: Deriving model inputs from

survey responses

The survey elicits each household’s expected path for the federal funds rate, the inflation rate, and

own income under the baseline policy announcement and under the alternative policy announce-

ment.

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 policy 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) under the two policy announcements.1 Hence, from

the survey, one can directly compute4Ei,t [r2021:Q4],4Ei,t [r2022:Q4],4Ei,t [r2023:Q4],4Ei,t [r2026:Q4],

and4Ei,t [r2030:Q4]. We interpolate the answers for those quarters s that we do not ask about with

the following formula:

4Ei,t [rs] =



0

4Ei,t [r2021:Q4]

4Ei,t [r2022:Q4]

4Ei,t [r2023:Q4]

4Ei,t [r2026:Q4]

(1− ρ)s−(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

. (60)

1The survey elicits an annualized rate. We turn this annualized rate into a rate for a quarter by dividing
it by four.
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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. Let 4Ei,t [πs] = Ea
i,t [πs] − Eb

i,t [πs] denote the difference between the expecta-

tion 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 an-

nual 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]

(1− ρ)s−(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

. (61)

This formula contains two assumptions. First, the household expects the price level 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

[
ytotal

i,s

]
= Ei,t

[
Ytotal

i,s −Ytotal
i,t−1

Ytotal
i,t−1

]
denote household i’s ex-

pectation in period t of the percentage difference between total nominal income in period s and

total nominal income in period t − 1. Assuming that households know their own past nominal

income, we have Ei,t

[
ytotal

i,s

]
=

Ei,t[Ytotal
i,s ]−Ytotal

i,t−1

Ytotal
i,t−1

. Let 4Ei,t

[
ytotal

i,s

]
= Ea

i,t

[
ytotal

i,s

]
− Eb

i,t

[
ytotal

i,s

]
denote

the difference between the expectation under the alternative policy announcement and the expec-

tation 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 nominal income in the years 2024-2026 under the two policy
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announcements. Hence, from the survey, one can directly compute 4Ei,t

[
ytotal

i,2021

]
=
4Ei,t[Ytotal

i,2021]
Ytotal

i,2020
,

4Ei,t

[
ȳtotal

i,2022−2023

]
=
4Ei,t[Ȳtotal

i,2022−2023]
Ytotal

i,2020
, and 4Ei,t

[
ȳtotal

i,2024−2026

]
=
4Ei,t[Ȳtotal

i,2024−2026]
Ytotal

i,2020
. To arrive at expecta-

tions of quarterly own nominal income, we use the following formula:

4Ei,t

[
ytotal

i,s

]
=



4Ei,t

[
ytotal

i,2021

]
4Ei,t

[
ȳtotal

i,2022−2023

]
4Ei,t

[
ȳtotal

i,2024−2026

]
(1− ρ)s−(t+23)4Ei,t

[
ȳtotal

i,2024−2026

]

s = t, . . . , t + 3

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

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

s ≥ t + 24

. (62)

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 nominal

income and the expectation of the rate of inflation

Ei,t

[
ỹtotal

i,s

]
= Ei,t

[
ytotal

i,s

]
−

s

∑
k=t

Ei,t [πk] ,

where Ei,t

[
ỹtotal

i,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

[
ỹtotal

i,s

]
= 4Ei,t

[
ytotal

i,s

]
−

s

∑
k=t
4Ei,t [πk] , (63)

where 4Ei,t

[
ỹtotal

i,s

]
is the difference between the real income expectation under the alternative

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

The variable4Ei,t

[
ỹtotal

i,s

]
is the empirical measure of4Ei,t

[
1
β

B̃i
Ỹi
(rs−1 − πs) + ỹi,s

]
for a house-

hold with positive liquid wealth and of4Ei,t [ỹi,s] for a household with negative liquid wealth.
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C Additional exhibits: March 2021 surveys

Figure A.1: Time until learned about Fed announcements: March 2021 main survey
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Notes: This figure displays a histogram of respondents’ estimates of the time it typically takes until they
hear about Fed announcements. The sample is restricted to non-hand-to-mouth households in our March
2021 main survey on the effects of unconventional monetary policy.
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Table A.1: Summary statistics: March 2021 surveys
ACS
2019 Online Sample

(1) (2) (3) (4) (5) (6) (7)
Mean Mean Median SD p25 p75 Observations

Panel A: March 2021 main survey

Female 0.51 0.50 1.00 0.50 0.00 1.00 1,871
Age 47.78 52.49 60.00 15.20 40.00 70.00 1,871
At least bachelor’s degree 0.31 0.41 0.00 0.49 0.00 1.00 1,871
Log(Household net income) 11.06 11.07 11.13 0.81 10.55 11.65 1,871
Northeast 0.17 0.19 0.00 0.40 0.00 0.00 1,871
Midwest 0.21 0.28 0.00 0.45 0.00 1.00 1,871
South 0.38 0.31 0.00 0.46 0.00 1.00 1,871
West 0.24 0.22 0.00 0.41 0.00 0.00 1,871

Main earner employed 0.63 1.00 0.48 0.00 1.00 1,871
Log(Household liquid wealth) 9.60 9.77 2.85 7.47 12.07 1,871
Log(Household credit card debt) 2.15 0.00 3.63 0.00 5.17 1,871
Prob. credit constrained 2021 13.93 0.00 28.22 0.00 10.00 1,871
Panel B: March 2021 robustness survey

Female 0.51 0.52 1.00 0.50 0.00 1.00 392
Age 47.78 51.60 50.00 15.79 40.00 70.00 392
At least bachelor’s degree 0.31 0.31 0.00 0.47 0.00 1.00 392
Log(Household net income) 11.06 10.77 10.98 1.41 10.37 11.51 392
Northeast 0.17 0.20 0.00 0.40 0.00 0.00 392
Midwest 0.21 0.20 0.00 0.40 0.00 0.00 392
South 0.38 0.40 0.00 0.49 0.00 1.00 392
West 0.24 0.20 0.00 0.40 0.00 0.00 392

Main earner employed 0.56 1.00 0.50 0.00 1.00 392
Log(Household liquid wealth) 9.26 9.77 2.89 7.13 11.23 392
Log(Household credit card debt) 2.46 0.00 3.69 0.00 6.44 392

Notes: This table shows summary statistics for the March 2021 main survey (Panel A) and for the March
2021 robustness survey (Panel B).
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Table A.2: Expectation differences across unconventional monetary policy scenarios by
reason for the policy change: March 2021 main survey

Horizon

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

Panel A: Change endogenous

∆ Expected federal funds rate 0.055∗∗ 0.092∗∗∗ 0.174∗∗∗ 0.069 0.034
(0.025) (0.026) (0.030) (0.043) (0.051)

∆ Expected inflation rate -0.193∗∗∗ -0.141∗∗∗ -0.038 -0.096
(0.044) (0.053) (0.072) (0.077)

∆ Expected cumulative income growth 0.271 0.413 0.284
(0.316) (0.366) (0.433)

Observations 369 369 369 369 369
Panel B: Change no explanation

∆ Expected federal funds rate 0.013 0.023 0.154∗∗∗ -0.010 -0.007
(0.024) (0.028) (0.038) (0.044) (0.052)

∆ Expected inflation rate -0.326∗∗∗ -0.222∗∗∗ -0.097 -0.169∗∗

(0.051) (0.057) (0.071) (0.081)
∆ Expected cumulative income growth -0.791∗∗∗ -0.802∗∗ -1.057∗∗∗

(0.301) (0.318) (0.388)
Observations 326 326 326 326 326
Panel C: Change exogenous

∆ Expected federal funds rate 0.071∗∗∗ 0.108∗∗∗ 0.234∗∗∗ 0.099∗∗ 0.107∗

(0.023) (0.029) (0.041) (0.050) (0.058)
∆ Expected inflation rate -0.224∗∗∗ -0.106∗ -0.022 -0.173∗∗

(0.047) (0.060) (0.078) (0.084)
∆ Expected cumulative income growth 0.475 0.656∗ 0.166

(0.352) (0.342) (0.400)
Observations 312 312 312 312 312
Panel D: Change exogenous stocks

∆ Expected federal funds rate 0.070∗∗ 0.080∗∗ 0.203∗∗∗ -0.025 -0.117∗

(0.029) (0.031) (0.042) (0.052) (0.061)
∆ Expected inflation rate -0.255∗∗∗ -0.188∗∗∗ 0.002 -0.107

(0.053) (0.059) (0.069) (0.077)
∆ Expected cumulative income growth -0.247 -0.086 -0.206

(0.320) (0.338) (0.347)
Observations 363 363 363 363 363

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 in March 2021 on respondent’s own expectations about
the federal funds rate, inflation and the cumulative growth of nominal household net income at different
horizons, across the four survey arms providing respondents with different reasons for the change in the
Fed’s projections. Arm “Change endogenous” (Panel A) attributes the change in the Fed’s projections to
a change in the Fed’s broader economic outlook. Arm “Change no explanation” (Panel B) does not give
an explanation for the change in projections. Arm “Change exogenous” (Panel C) 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” (Panel D) 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 our March 2021 main survey. 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.3: Expectation differences across unconventional monetary policy scenarios:
March 2021 robustness survey

Horizon

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

∆ Expected federal funds rate 0.064∗∗ 0.066∗ 0.176∗∗∗ 0.022 -0.024
(0.027) (0.033) (0.037) (0.049) (0.059)

∆ Subjective probability credit constrained 0.240 0.025 0.516
(0.527) (0.659) (0.811)

∆ Expected cumulative home value growth 0.284
(1.217)

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 in March 2021 on respondent’s own expectations about
the federal funds rate, the probability of becoming credit constrained, and the cumulative growth of the
nominal value of their main residence at different horizons. The sample is restricted to non-hand-to-mouth
households in our March 2021 robustness survey. 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: Sensitivity analysis of model-based consumption responses to unconventional
monetary policy: March 2021 main survey

Group 2:
Non-HTM

Prob. constr.
= 0%

Group 3a:
Non-HTM

0% <
Prob. constr.
≤ 50%

Group 3b:
Non-HTM

Prob. constr.
> 50% All

(1) (2) (3) (4)

Panel A: Baseline
Model-based consumption response -0.475∗∗ 0.313 0.508 -0.148

(0.191) (0.357) (0.444) (0.128)
Panel B: ρ = 0.9
Model-based consumption response -0.384∗∗ 0.350 0.508 -0.093

(0.160) (0.290) (0.444) (0.107)
Panel C: ρ = 0.5
Model-based consumption response -0.390∗∗ 0.341 0.508 -0.098

(0.164) (0.298) (0.444) (0.110)
Panel D: ρ = 0.2
Model-based consumption response -0.423∗∗ 0.316 0.508 -0.120

(0.175) (0.325) (0.444) (0.118)
Panel E: ρ = 0.05
Model-based consumption response -0.562∗∗∗ 0.302 0.508 -0.195

(0.212) (0.389) (0.444) (0.141)
Panel F: Outliers winsorized
Model-based consumption response -0.391∗ 0.935∗∗ 0.431 0.048

(0.204) (0.427) (0.713) (0.147)
Panel G: Updating about past inflation
Model-based consumption response -0.455∗∗ 0.330 0.893 -0.112

(0.192) (0.358) (0.572) (0.131)
Panel H: Change endogenous
Model-based consumption response -0.604∗ 1.199∗∗ 1.416 0.000

(0.317) (0.492) (0.933) (0.206)
Panel I: Change no explanation
Model-based consumption response -0.131 -0.074 0.570 -0.045

(0.442) (0.797) (1.327) (0.297)
Panel J: Change exogenous
Model-based consumption response -0.128 -0.387 0.218 -0.129

(0.368) (1.209) (0.472) (0.304)
Panel K: Change exogenous stocks
Model-based consumption response -0.969∗∗ 0.291 -0.142 -0.408∗

(0.400) (0.436) (0.179) (0.228)

Notes: This table shows a sensitivity analysis of 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 in
March 2021 according to the model, using the survey-based changes in expectations. The model-implied
responses are calculated as explained in the note to Table 2, with a few differences. Panel A shows the
baseline estimates, which assume effects on expectations to converge to zero at a quarterly rate ρ = 0.1 for
horizons beyond those measured in the survey, which exclude observations with extreme expectations, and
which uses the pooled sample across all four arms. The estimates in Panels B-E assume different values of
ρ (0.9, 0.5, 0.2, and 0.05). Panel F does not exclude observations with extreme levels or extreme changes
in expectations across scenarios but instead winsorizes extreme changes in expectations across scenarios.
Panel G allows for changes in beliefs about past inflation, assuming that respondents update beliefs about
inflation in the previous year as much as beliefs about inflation in the current year. Panel H focuses on the
arm “Change endogenous”, which attributes the change in the Fed’s projections to a change in the Fed’s
broader economic outlook. Panel I focuses on the arm “Change no explanation”, which does not give an
explanation for the change in projections. Panel J focuses on the arm “Change exogenous”, which attributes
the change in the Fed’s projections to a change in the composition of the Fed’s committee before the next
meeting. Panel K focuses on the arm “Change exogenous stocks”, which 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. 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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D Additional exhibits: March 2022 survey

Figure A.2: Subjective probability of becoming credit constrained: March 2022 survey
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Notes: This figure displays histograms of respondents’ subjective probability of becoming credit constrained
at any point in time over the indicated horizons. The sample is restricted to non-hand-to-mouth households
in our March 2022 survey on the effects of conventional monetary policy.
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Table A.5: Summary statistics: March 2022 survey
ACS
2019 Online Sample

(1) (2) (3) (4) (5) (6) (7)
Mean Mean Median SD p25 p75 Observations

Female 0.51 0.53 1.00 0.50 0.00 1.00 692
Age 47.78 38.54 40.00 13.86 30.00 50.00 692
At least bachelor’s degree 0.31 0.31 0.00 0.46 0.00 1.00 692
Log(Household net income) 11.06 10.78 10.82 0.81 10.31 11.35 692
Northeast 0.17 0.20 0.00 0.40 0.00 0.00 692
Midwest 0.21 0.19 0.00 0.39 0.00 0.00 692
South 0.38 0.40 0.00 0.49 0.00 1.00 692
West 0.24 0.21 0.00 0.41 0.00 0.00 692

Main earner employed 0.83 1.00 0.38 1.00 1.00 692
Log(Household liquid wealth) 8.52 8.74 2.55 6.77 10.53 692
Log(Household credit card debt) 2.81 0.00 3.79 0.00 6.78 692
Prob. credit constrained 2022 19.54 5.00 29.29 0.00 25.00 692

Notes: This table shows summary statistics for the March 2022 survey.
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Table A.6: Validation of measure of attention to monetary policy announcements: March
2022 survey

Heard Fed news
at least once
last month

Typically
hears Fed news
at least monthly

Fed news
quiz correct

Date last
rate change

correct

(1) (2) (3) (4)

Panel A: Full sample

Typically hears about Fed 0.346∗∗∗ 0.329∗∗∗ 0.147∗∗∗ -0.017
announcements within a week (0.035) (0.037) (0.032) (0.036)

Observations 692 692 692 692
R-squared 0.12 0.11 0.03 0.00
Panel B: Non-HTM households

Typically hears about Fed 0.359∗∗∗ 0.316∗∗∗ 0.152∗∗∗ -0.026
announcements within a week (0.042) (0.045) (0.038) (0.044)

Observations 462 462 462 462
R-squared 0.13 0.10 0.04 0.00

Notes: This table correlates several alternative measures of attention to monetary policy with our main mea-
sure – a dummy variable indicating whether a respondent reports to typically hear about Fed announce-
ments within a week or less. The outcome variables are dummy variables indicating whether the respon-
dent heard news about the Fed at least once within the last month (Column 1), whether the respondent
typically hears news about the Fed at least once per month (Column 2), whether the respondent identified
the true news item among a set of true and false news items about the Fed (Column 3), or whether the re-
spondent correctly identified the date of the last change of the fed funds target rate (Column 4). The sample
is the full sample of our March 2022 survey (Panel A) or the subsample of non-HTM households (Panel B).
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: Sensitivity analysis of model-based consumption responses to conventional
monetary policy: March 2022 survey

Group 2:
Non-HTM

Prob. constr.
= 0%

Group 3a:
Non-HTM

0% <
Prob. constr.
≤ 50%

Group 3b:
Non-HTM

Prob. constr.
> 50% All

(1) (2) (3) (4)

Panel A: Baseline
Model-based consumption response -1.225∗∗∗ -1.292∗∗∗ 0.015 -0.883∗∗∗

(0.388) (0.402) (0.719) (0.198)
Panel B: ρ = 0.9
Model-based consumption response -1.199∗∗∗ -1.239∗∗∗ 0.015 -0.855∗∗∗

(0.320) (0.337) (0.719) (0.166)
Panel C: ρ = 0.5
Model-based consumption response -1.205∗∗∗ -1.253∗∗∗ 0.015 -0.862∗∗∗

(0.327) (0.345) (0.719) (0.170)
Panel D: ρ = 0.2
Model-based consumption response -1.218∗∗∗ -1.273∗∗∗ 0.015 -0.874∗∗∗

(0.353) (0.368) (0.719) (0.182)
Panel E: ρ = 0.05
Model-based consumption response -1.185∗∗∗ -1.296∗∗∗ 0.015 -0.871∗∗∗

(0.434) (0.455) (0.719) (0.223)
Panel F: Outliers winsorized
Model-based consumption response -1.149∗∗∗ -1.200∗∗∗ 0.051 -0.809∗∗∗

(0.369) (0.384) (0.736) (0.187)
Panel G: Updating about past inflation
Model-based consumption response -1.231∗∗∗ -1.286∗∗∗ -0.078 -0.887∗∗∗

(0.389) (0.403) (0.712) (0.199)
Notes: This table shows a sensitivity analysis of the immediate consumption responses to the hypothetical
increase in the federal funds rate from 0.1 to 0.5 percent in March 2022 according to the model, using the
survey-based changes in expectations. The model-implied responses are calculated as explained in the
note to Table 4, with a few differences. Panel A shows the baseline estimates, which assume effects on
expectations to converge to zero at a quarterly rate ρ = 0.1 for horizons beyond those measured in the
survey and which exclude observations with extreme expectations. The estimates in Panels B-E assume
different values of ρ (0.9, 0.5, 0.2, and 0.05). Panel F does not exclude observations with extreme levels or
extreme changes in expectations across scenarios but instead winsorizes extreme changes in expectations
across scenarios. Panel G allows for changes in beliefs about past inflation, assuming that respondents
update beliefs about inflation in the previous year as much as beliefs about inflation in the current year. All
statistics are weighted by the respondents’ total household spending in 2021. 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.8: Sensitivity analysis of model-based consumption responses to conventional
monetary policy to using different measures of attention: March 2022 survey

Group 2:
Non-HTM

Prob. constr.
= 0%

Group 3a:
Non-HTM

0% <
Prob. constr.
≤ 50%

Group 3b:
Non-HTM

Prob. constr.
> 50% All

(1) (2) (3) (4)

Panel A: Hears about Fed news within a week (baseline)
Model-based consumption response -0.332 -0.501∗∗ -0.058 -0.295∗∗∗

(0.247) (0.205) (0.037) (0.113)
Panel B: Heard Fed news at least once last month
Model-based consumption response -0.500 -0.342 0.004 -0.295∗

(0.307) (0.289) (0.709) (0.150)
Panel C: Typically hears Fed news at least monthly
Model-based consumption response -0.366 -0.407∗∗ 0.128 -0.267∗∗

(0.300) (0.193) (0.232) (0.124)
Panel D: Fed news quiz correct
Model-based consumption response -0.510∗∗∗ -0.289 0.527 -0.259∗∗∗

(0.172) (0.202) (0.462) (0.095)
Panel E: Date last rate change correct
Model-based consumption response -0.299 -0.265 -0.271 -0.208∗

(0.262) (0.227) (0.512) (0.123)

Notes: This table shows a sensitivity analysis of the immediate consumption responses to the hypothetical
increase in the federal funds rate from 0.1 to 0.5 percent in March 2022 according to the model, using the
survey-based changes in expectations, to using different measures of attention to monetary policy. The
model-implied responses are calculated as explained in the note to Table 4, but vary which proxy is used to
identify households that are attentive to monetary policy. Panel A shows the estimates from Table 4 Panel
B, in which only those non-HTM households that report that they typically learn about Fed announcements
within seven days (41 percent of non-HTM households) are assumed to react. In Panel B, only those non-
HTM households that report to have heard news about the Fed at least once within the last month are
assumed to react (59 percent of non-HTM households). In Panel C, only those non-HTM households that
report to typically hear news about the Fed at least once per month are assumed to react (42 percent of non-
HTM households). In Panel D, only those non-HTM households that identified the true news item among
a set of true and false news items about the Fed are assumed to react (18 percent of non-HTM households).
In Panel E, only those non-HTM households that correctly identified the date of the last change of the fed
funds target rate are assumed to react (33 percent of non-HTM households). All statistics are weighted by
the respondents’ total household spending in 2021. Robust standard errors are in parentheses. * denotes
significance at 10 pct., ** at 5 pct., and *** at 1 pct. level.
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E Additional exhibits: September 2022 survey

Table A.9: Summary statistics: September 2022 survey
ACS
2019 Online Sample

(1) (2) (3) (4) (5) (6) (7)
Mean Mean Median SD p25 p75 Observations

Female 0.51 0.51 1.00 0.50 0.00 1.00 1,106
Age 47.78 39.12 40.00 13.79 30.00 50.00 1,106
At least bachelor’s degree 0.31 0.47 0.00 0.50 0.00 1.00 1,106
Log(Household net income) 11.06 10.90 10.98 0.78 10.43 11.39 1,106
Northeast 0.17 0.19 0.00 0.39 0.00 0.00 1,106
Midwest 0.21 0.20 0.00 0.40 0.00 0.00 1,106
South 0.38 0.43 0.00 0.50 0.00 1.00 1,106
West 0.24 0.18 0.00 0.38 0.00 0.00 1,106

Main earner employed 0.85 1.00 0.36 1.00 1.00 1,106
Log(Household liquid wealth) 8.71 8.74 2.59 7.13 10.53 1,106
Log(Household credit card debt) 3.07 0.00 3.96 0.00 7.47 1,106
Prob. credit constrained 2022 17.38 0.00 28.64 0.00 20.00 1,106

Notes: This table shows summary statistics for the September 2022 survey.
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Table A.10: Expectation differences across conventional monetary policy announcements:
September 2022 survey

Horizon

(1) (2) (3) (4) (5)
2022 2023 2024 2027 2031

∆ Expected federal funds rate 0.626∗∗∗ 0.645∗∗∗ 0.609∗∗∗ 0.546∗∗∗ 0.474∗∗∗

(0.023) (0.025) (0.026) (0.028) (0.032)

∆ Expected inflation rate 0.442∗∗∗ 0.378∗∗∗ 0.388∗∗∗ 0.254∗∗∗

(0.040) (0.045) (0.047) (0.049)

∆ Expected cumulative income growth -0.536∗∗ -0.359 -0.772∗∗

(0.253) (0.297) (0.348)

Observations 790 790 790 790 790
Notes: This table shows the effect of the hypothetical increase in the federal funds rate from 2.4 to 3.1
percent in September 2022 on respondent’s own expectations about the federal funds rate, inflation and
the cumulative growth of nominal household net income at different horizons. The sample is restricted to
non-hand-to-mouth households in our September 2022 survey. 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.11: Model-based consumption responses to conventional monetary policy:
September 2022 survey

Group 1:
HTM

Group 2:
Non-HTM

Prob. constr.
= 0%

Group 3a:
Non-HTM

0% <
Prob. constr.
≤ 50%

Group 3b:
Non-HTM

Prob. constr.
> 50% All

(1) (2) (3) (4) (5)

Panel A: All non-HTM react:

Overall response -3.865∗∗∗ -3.418∗∗∗ -1.629∗∗ -2.751∗∗∗

(0.296) (0.344) (0.711) (0.176)
- Real income effects -2.328∗∗∗ -1.606∗∗∗ -1.528∗∗ -1.546∗∗∗

(0.420) (0.464) (0.707) (0.233)
- Intertemporal substitution effects -1.535∗∗∗ -1.807∗∗∗ -0.016 -1.200∗∗∗

(0.270) (0.296) (0.012) (0.147)
- Interest expense effects -0.002∗ -0.004∗∗∗ 0.001 -0.002

(0.001) (0.002) (0.042) (0.002)
- Effects from real credit limit -0.086 -0.004

(0.095) (0.004)

Observations 316 414 319 57 1,106
Panel B: Only attentive non-HTM react:

Overall response -2.165∗∗∗ -1.246∗∗∗ -0.558∗ -1.329∗∗∗

(0.258) (0.250) (0.292) (0.138)
- Real income effects -1.433∗∗∗ -0.260 -0.509∗ -0.719∗∗∗

(0.339) (0.358) (0.285) (0.183)
- Intertemporal substitution effects -0.730∗∗∗ -0.982∗∗∗ -0.020∗∗ -0.607∗∗∗

(0.210) (0.194) (0.010) (0.108)
- Interest expense effects -0.002∗∗ -0.005∗∗∗ -0.011 -0.003

(0.001) (0.001) (0.037) (0.002)
- Effects from real credit limit -0.019 -0.001

(0.084) (0.003)

Observations 316 414 319 57 1,106
Notes: This table shows the immediate consumption responses to the hypothetical increase in the federal
funds rate from 2.4 to 3.1 percent in September 2022 according to the model, using the survey-based changes
in expectations. We assume effects on expectations to converge to zero at a quarterly rate ρ = 0.1 for
horizons beyond those measured in the survey. In Panel A all of the included non-HTM households are
assumed to react. In Panel B only those included non-HTM households that report that they typically
learn about Fed announcements within seven days (54 percent of non-HTM households) are assumed to
react, while the consumption response is set to zero among those that report that it typically takes longer
than seven days or that they typically never hear about Fed announcements (46 percent). We assume that
households of group 3a behave as if they expected never to be constrained. We assume that households of
group 3b behave as if they expected to be constrained with certainty in the next quarter. Each of the four
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 2021. Robust standard errors are in parentheses. * denotes significance at 10 pct., **
at 5 pct., and *** at 1 pct. level.
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F Instructions

F.1 Instructions: March 2021 main survey

F.1.1 Attention check
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F.1.2 Demographics
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F.1.3 Definitions
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F.1.4 Baseline scenario
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F.1.5 Transition between baseline and rise scenario
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F.1.6 Between-subject variation in sources of change in the Fed Projection
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Exogenous with stocks
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No reason
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F.1.7 Rise scenario
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F.1.8 Inattention to Fed announcements
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F.1.9 Hand-to-mouth module
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F.1.10 Additional characteristics
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F.2 Instructions: March 2021 robustness survey

F.2.1 Baseline scenario
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F.2.2 Transition between baseline and rise scenario
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F.2.3 Between-subject variation in sources of change in the Fed Projection

Exogenous

Exogenous with stocks
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No explanation
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F.2.4 Rise scenario
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F.3 Instructions: March 2022 survey

F.3.1 Baseline scenario
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F.3.2 Transition between baseline and rise scenario

F.3.3 Rise scenario
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F.3.4 Inattention to Fed announcements

57



F.4 Instructions: September 2022 survey

F.4.1 Baseline scenario
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F.4.2 Transition between baseline and rise scenario

F.4.3 Rise scenario

60



61



F.4.4 Spending plans
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F.4.5 Inattention to Fed announcements
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