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Abstract

This paper examines how household heterogeneity and information rigidities inter-
act to shape the transmission of monetary policy to aggregate demand. Using U.S.
survey data, I document significant differences in the frequency of information updat-
ing across income groups, with lower-income households revising their expectations
considerably less often. Motivated by this evidence, I develop a two-agent New Key-
nesian model with heterogeneous households, in which part of the population acquires
information only infrequently. The model reveals two offsetting forces in the aggre-
gate consumption response to monetary policy: constrained agents amplify the policy
effects by reacting strongly to income changes, while slow information diffusion damp-
ens the aggregate response, crucially limiting the scope for amplification. Importantly,
these frictions interact asymmetrically, with household heterogeneity becoming more
influential when combined with information frictions, whereas the dampening effect
of limited information is stronger in the absence of heterogeneity. I further intro-
duce a simple analytical solution that yields closed-form expressions for aggregate
demand. These findings highlight how household behavior and information frictions
jointly shape the effectiveness of monetary policy and underscore the importance of

accounting for their interaction in heterogeneous-agent frameworks.
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1 Introduction

Traditional New Keynesian models often assume that households have full up-to-date in-
formation and can be represented by a single rational-expectations agent. However, a
growing body of empirical research has challenged both of these assumptions. On the one
hand, household heterogeneity has been shown to play a central role in monetary trans-
mission, as differences in marginal propensities to consume (MPCs) can amplify policy
effects by making aggregate consumption more responsive to changes in the distribution
of household income (see, e.g., Auclert, 2019; Bilbiie, 2020, 2025; Bilbiie, Kanzig, & Surico,
2022; Debortoli & Gali, 2017). On the other hand, there is pervasive evidence that eco-
nomic agents do not update their expectations continuously, which slows the diffusion of
economic shocks through the economy and dampens the response of aggregate consump-
tion (Coibion & Gorodnichenko, 2012, 2015). These two frictions have typically been
studied in isolation, but their interaction may be central to understanding the strength
of monetary policy transmission. Reflecting this, recent research has increasingly relied
on combining household heterogeneity with information frictions to match both empirical
microeconomic and macroeconomic moments (Auclert, Rognlie, & Straub, 2020; Broer,
Kohlhas, Mitman, & Schlafmann, 2021; Carroll, Crawley, Slacalek, Tokuoka, & White,
2020; Pfauti & Seyrich, 2024).

This paper contributes to this line of research by studying how the interaction between
household heterogeneity and information rigidities affects the transmission of conventional
monetary policy. The analysis focuses on aggregate consumption dynamics and on iden-
tifying the conditions under which the effects of monetary policy shocks are amplified or
dampened. Drawing on empirical evidence, I develop a simple New Keynesian framework
with heterogeneous households and infrequent information updating. This framework al-
lows me to examine how a real interest rate shock affects the aggregate demand multiplier,
defined as the change in aggregate consumption resulting from a monetary policy shock,
and how this response is shaped by the interplay between the two frictions. The results
show that household heterogeneity and information rigidities interact in a nontrivial way,
whereby the net strength of monetary transmission depends critically on their relative
magnitudes. Notably, the interaction between frictions is asymmetric: the amplifying
effect from heterogeneity becomes more influential when combined with information fric-
tions, while the dampening effect of the latter diminishes in such settings.'

To ground the analysis, I begin with an empirical exercise to provide evidence for het-
erogeneity in information rigidities across households. Using U.S. survey data, I document
that lower-income households revise their inflation forecasts significantly less frequently
than higher-income households. This pattern suggests that the agents most likely to have
high MPCs are also the least likely to update their information set and thus to acquire

'In this context, amplification refers to an increase in the aggregate demand multiplier relative to a
representative-agent model. Conversely, a smaller multiplier indicates dampening.



new macroeconomic information. I then build a two-agent New Keynesian (TANK) model
based on the framework of Bilbiie (2008), in which households differ in their access to as-
set markets and their degree of information rigidity. A fraction of agents consume their
entire disposable income in each period (“hand-to-mouth households”), while the remain-
der are unconstrained and smooth consumption over time through savings (“savers”). I
extend this setup by incorporating sticky information in the spirit of Gabaix and Laibson
(2002) or Mankiw and Reis (2002, 2006, 2007), allowing only a portion of households to
occasionally update their information about the state of the economy.” Motivated by the
empirical evidence, the information friction applies only to the consumption-smoothing
savers, while hand-to-mouth households. Since they do not plan intertemporally, these
agents are effectively short-sighted and have limited use for economic news.

The resulting framework, referred to as the sticky-information two-agent New Keyne-
sian (SI-TANK) model, combines heterogeneity in spending behavior with limited informa-
tion acquisition in a tractable and empirically motivated way. While existing frameworks
are often designed to match key empirical features of the data, they often require complex
solution methods and make it difficult to disentangle the underlying mechanisms at work.
In contrast, this paper takes a step back and adopts a deliberately simplified structure to
isolate the interaction between household heterogeneity and sticky information. In partic-
ular, the sticky-information assumption offers an appealing way to introduce information
rigidities, as it is similar in spirit to Calvo-type price setting and allows for analytical
tractability, while retaining rational expectations.

The SI-TANK model reveals a distinctive asymmetry in how household heterogeneity
and sticky information affect the propagation of monetary policy shocks. This asymmetry
gives rise to two opposing mechanisms, relative to the standard representative-agent New
Keynesian (RANK) economy. On the one hand, constrained households that live hand-
to-mouth amplify the effects of monetary policy. A cut in the real interest rate boosts
aggregate demand and raises their individual income, which they consume fully due to
their high MPC. If their income rises more than proportionally with changes in aggre-
gate income, the gap between constrained and unconstrained households decreases. This
generates countercyclical income inequality, which reinforces the initial stimulus through
a feedback loop from individual to aggregate income. Such an amplification mechanism
is consistent with those described in Bilbiie (2020, 2025) and Bilbiie et al. (2022). On
the other hand, information frictions attenuate the propagation of policy shocks. In each
period, only a fraction of savers update their expectations and adjust their consumption
plans. As a result, information diffuses gradually through the population, leading to a
sluggish response of aggregate consumption after a monetary policy shock, in line with
the findings of Mankiw and Reis (2002, 2006, 2007).

While countercyclical income inequality plays a central role in amplification, the model

2For a compact overview of alternative mechanisms to depart from full-information rational expecta-
tions, see Coibion, Gorodnichenko, and Kamdar (2018).



shows that it is no longer sufficient on its own to ensure that monetary policy effects are
strengthened. When the information sets of households adjust only gradually, redistribu-
tion toward constrained households does not necessarily translate into a larger consump-
tion response. In fact, the overall effect on aggregate demand may still be attenuated if
the share of constrained agents is too small relative to the degree of information sticki-
ness. Amplification arises only if the income response of constrained households is strong
enough to offset the dampening force of the information friction. This case requires income
inequality to be substantially countercyclical for a standard calibration of the model.

Building on this, a key result of the paper is that household heterogeneity and sticky
information interact in an asymmetric way. Sticky information dampens aggregate con-
sumption less when added to a heterogeneous-agent model than to a representative-agent
one. Conversely, and even more notably, household heterogeneity amplifies the aggregate
effects of monetary policy more strongly in the presence of sticky information than un-
der full information. These findings are formalized by studying the two frictions both in
isolation and jointly, and by comparing the resulting aggregate demand multipliers across
model variants in relative terms. This comparison highlights that the strength of monetary
transmission depends not only on the presence of each friction individually, but critically
on how they interact. The asymmetry arises because only savers are subject to the in-
formation friction in the two-agent model, whereas amplification relies on both household
types responding to income changes. Importantly, these asymmetric effects are not limited
to the initial impact of a monetary policy shock, but also hold for the cumulative response
of aggregate demand over time, and they persist irrespective of the selected parameter
values.

To analyze the dynamics more in detail, I derive a simple closed-form solution for the
SI-TANK model under the assumption that the central bank holds the real interest rate
fixed. In standard sticky-information frameworks, the presence of an infinite number of
lagged expectations makes analytical solutions intractable. I show that this difficulty can
be overcome, through a novel yet simple approach, when the analysis is restricted to the
aggregate demand side of the model. The solution yields reduced-form expressions for
output and inflation, allowing for a transparent characterization of the aggregate demand
multiplier as a function of the policy shock and model parameters. I then simulate impulse
responses to an unanticipated interest rate shock. The graphical representation not only
confirms the model’s predictions about the initial response of aggregate consumption and
output, but also illustrates how the delayed adjustment of non-updated savers generates a
hump-shaped response in aggregate demand over time, consistent with findings from the
macroeconomic literature.

These dynamic features illustrate mechanisms that are not only theoretically signif-
icant, but also essential for interpreting how monetary policy operates in environments
with household heterogeneity and limited information acquisition. Although these two

frictions are often analyzed separately, their combination can fundamentally alter both



the strength and timing of monetary transmission. While it is well established that con-
strained, hand-to-mouth households play a central role in amplification, the results in this
paper suggest that the presence of information frictions can significantly shape the influ-
ence of household heterogeneity, making sticky expectations a key force in the propagation
process. This highlights the importance of distinguishing and correctly specifying indi-
vidual frictions and their interaction when evaluating the effectiveness of macroeconomic
policy in heterogeneous-agent settings.

Related literature. This work contributes to the growing literature on the effective-
ness of monetary policy in heterogeneous-agent models.? That field exposes how different
assumptions and elements of such models affect the propagation of monetary policy shocks
and how they shape amplification and dampening effects. In particular, my analysis draws
on the analytical TANK literature that makes simplifying assumptions to identify the driv-
ing forces at work in richer models.

The main framework is based on Bilbiie (2008). He builds an analytical TANK model
with two types of agents differing in their degree of participation in asset markets as
described above. The implied heterogeneity in MPCs changes the sensitivity of aggregate
demand to monetary policy and gives room for amplification with respect to RANK.
Bilbiie (2020) emphasizes that the net propagation effect hinges on the elasticity of hand-
to-mouth households’ income to aggregate income: when it is above one, amplification
arises; otherwise, there is dampening. While the SI-TANK model in this paper involves
comparable effects, the sufficient conditions are different and dampening might arise even
if constrained agents react disproportionately to changes in aggregate income.

Second, I build on the large literature that explores deviations from full-information
rational expectations, in particular about the assumption of sticky information originating
from Gabaix and Laibson (2002) and Mankiw and Reis (2002, 2006, 2007). In the context
of representative-agent models, sticky information has been first and foremost applied

4 The seminal work of Mankiw and Reis

on the part of firms to study price dynamics.
(2002) proposes it as an alternative way to model price setting. Other prominent papers
incorporate the assumption of sticky information in a fully-fledged DSGE framework to
match U.S. business cycle facts or study monetary policy (Mankiw & Reis, 2006, 2007;
Reis, 2009a, 2009b). They assume that households, firms, and workers are all subject
to inattention when taking decisions. Estimates for the U.S. and the Euro area unveil a
different degree of information stickiness to be present in various markets (goods, labor,
financial), most notably for consumers. Due to the recent advances in the context of
heterogeneous-agent models and the revived interest in aggregate demand, however, it

appears appropriate to focus particularly on the implications of sticky information on

households within these models.

3See, e.g., Acharya and Dogra (2020); Alves, Kaplan, Moll, and Violante (2020); Auclert (2019); Auclert
et al. (2020); Bilbiie (2020, 2025); Bilbiie et al. (2022); Debortoli and Galf (2017); Werning (2015).

4See, for example, Chung, Herbst, and Kiley (2014); Coibion (2006); Dupor, Kitamura, and Tsuruga
(2010); Dupor and Tsuruga (2005); Mankiw and Reis (2002); Trabandt (2007).



The literature closest related to this work combines concepts of limited information
with household heterogeneity, mostly to match or explain microeconomic and macroeco-
nomic evidence in the data. Similar to this paper, Broer et al. (2021) unveil systematic
heterogeneity in the macroeconomic expectations of U.S. households. They try to ratio-
nalize this in a quantitative heterogeneous-agent New Keynesian (HANK) framework with
dynamic information choice. Unlike them, I model information exogenously to focus on
its interaction with the pre-determined degree of household heterogeneity and because the
way households acquire information is only of second-order importance here. Pfiauti and
Seyrich (2024) discuss amplification and dampening channels within a New Keynesian
model with household heterogeneity and bounded rationality and study what the inter-
action of these two elements implies for the IS curve. The model here can be seen as a
simplified version of theirs, with an even simpler information friction and without idiosyn-
cratic risk. Instead of explaining empirical facts like they do, I derive sufficient conditions
that determine the net propagation effect of monetary policy, focus on the asymmetric in-
terplay of amplification and dampening, and discuss implications for theoretical modeling.

Another strand of this literature combines heterogeneity in household income with
sticky expectations about the macroeconomy, assuming that households can perfectly ob-
serve their personal circumstances or idiosyncratic shocks, while they perceive information
about macroeconomic variables or aggregate shocks only infrequently. Applying this in the
context of an estimated HANK model, Auclert et al. (2020) achieve realistic MPCs out of
a transitory income shock and, at the same time, reproduce the empirical fact that the re-
sponse of macroeconomic aggregates to monetary policy shocks tends to be hump-shaped.
Prior to this, the assumption of sticky expectations was used in Carroll et al. (2020) who
succeed in matching aggregate consumption dynamics in both a micro-founded, small open
economy model and a micro-founded HANK model. Unlike these papers, I assume that
only part of the households are affected by the information rigidity. As a consequence,
these households are eventually the driver of the sluggishness in aggregate consumption,
whereas in the mentioned papers it is the imperfect attention to aggregate shocks of all
households that counts.

Finally, by providing a simple approach to deal with sticky information, I also address
the literature on solution methods for this friction. Mankiw and Reis (2007), Meyer-Gohde
(2010), and Wang and Wen (2006) draw on infinite moving average representations and
the method of undetermined coefficients to efficiently handle the infinite number of lagged-
expectation terms. On the other hand, Trabandt (2007) as well as Verona and Wolters
(2014) limit those terms to approximate the infinite with a finite state space. My work dif-
fers from these papers in its focus on analytical tractability. Although the solution method
I propose premises a specific monetary policy rule, it is computationally straightforward
and comprehensive enough to elaborate the implications of sticky information in various
models, be it in combination with heterogeneous households or not.

Outline. The rest of the paper is organized as follows. Section 2 provides empirical



evidence for information frictions across households. Section 3 presents the SI-TANK
model and its reduced-form equilibrium conditions. Section 4 analyzes the asymmetric
interplay of amplification and dampening after a monetary policy shock. Section 5 provides
an analytical and graphical view on the model. Finally, Section 6 discusses practical

implications, and Section 7 concludes.

2 Evidence for information rigidities

In order to motivate the model structure below, I start by providing some survey-based
evidence for information frictions. A popular data set choice in the literature is the
historical forecast data of U.S. consumer price inflation. I will use data from the Michigan
Surveys of Consumers (MSC), which asks more than 500 U.S. households on a monthly
basis about their consumption attitudes and expectations. Among other aspects, the
University of Michigan interviews the participants about the average change in prices
they expect over the next 12 months. It also collects information on each household’s
income which makes it convenient to study differences along the income distribution.

To demonstrate the presence of information rigidities in expectations data, I follow
Coibion and Gorodnichenko (2015) and study the relation between the ex-post mean
year-ahead inflation forecast errors across agents and the change in the ex-ante mean

year-ahead forecast (which I call forecast revision for simplicity):”
T4t — Fy Mi4dtr = @+ B (Ft T4t — Fq 7Tt+3,t—1) + &t (1)

where 744, denotes the inflation rate between t + 4 and ¢, and F; m14, is the average
forecast across agents at time t. Coibion and Gorodnichenko (2015) argue that the as-
sumption of full information requires § = 0, but that information frictions are present as
soon as > 0. The latter case can be visualized, for example, by a slow updating of
information in the economy over time. In each period, some agents do not adjust their
information set, which is why the average forecast only adjusts gradually and average
forecast errors become predictable.

The mean forecast revisions are computed as the difference between the current mean
forecast and the mean forecast lagged by one quarter. As the MSC provides one-year-ahead
inflation expectations, I define the forecast error in equation (1) as the difference between
the actual value of inflation and the average quarterly forecasts across survey respondents.
As a first measure of inflation, I use year-on-year changes in the U.S. consumer price
index (CPI), taken from the FRED database operated by the Federal Reserve Bank of St.

Louis. However, given potential revisions of the realized inflation values, the CPI data

SCompared to other surveys, the MSC only provides expectations data for one-year ahead inflation.
Revisions in forecasts over identical forecasting horizons (for instance, Fy m¢44,+ — Fy—1 T¢44,t) can therefore
not be computed.

5 Absent any information frictions, the mean forecast should react to a shock just as much as future
inflation. This would imply a zero response of forecast errors.



might not be directly comparable to the historical consumer expectations. To take this
into account, I use as a second measure quarterly real-time data from the first release of
the actual personal consumption expenditures (PCE) price index one year ahead. These
vintages are available from the Federal Reserve Bank of Philadelphia’s real-time data set
for macroeconomists.

The time horizons of the forecast data used in equation (1) do not fully overlap across
periods. The error term & is therefore not orthogonal to information at time ¢ or earlier
and the regression equation cannot be estimated by standard OLS. To overcome that issue,
Coibion and Gorodnichenko (2015) propose an instrumental-variable (IV) approach, using
the log change in the oil price as the instrument due to its high significance for the course
of CPI inflation.

I estimate equation (1) using the average responses for inflation expectations across all
households, but also for each of the four equally-sized groups along the income distribution
for which the MSC data set provides mean responses. The results for the sample period
from 1980-Q1 to 2019-Q4 are shown in Table 1.

Table 1: IV estimates of information rigidity in consumer inflation forecasts

Inflation expectations along the income distribution

Forecast error Aggregate Bottom 25% Second 25% Third 25%  Top 25%
CPI
Forecast revision 0.953*** 1.560*** 0.691** 0.824*** 0.804***
(0.301) (0.601) (0.297) (0.293) (0.307)
Constant —1.112%* —1.969*** —1.331%* —0.852**  —0.395***
(0.155) (0.186) (0.159) (0.155) (0.149)
First stage F'-statistic 36.32 10.49 40.30 29.85 27.93
Observations 160 160 160 160 160
PCE (real-time)
Forecast revision 0.546** 1.032** 0.349 0.439* 0.426*
(0.237) (0.454) (0.237) (0.232) (0.242)
Constant —1.531*** —2.391*** —1.749*** —1.271*  —0.812***
(0.132) (0.153) (0.133) (0.134) (0.133)
First stage F-statistic 36.32 10.49 40.30 29.85 27.93
Observations 160 160 160 160 160

Notes: Coeflicient estimates of the instrumental variable regression equation (1) using MSC data, with
Newey-West standard errors in parentheses. The dependent variable is the mean year-ahead forecast error
for inflation and the forecast revision is defined as the change in the mean year-ahead forecast. The
instrumental variable is the log change in the oil price. The sample period is 1980-2019. The F-statistic
reports the first-stage fit and expresses the relevance of the instrument (Kleibergen-Paap rk Wald F-
statistic).

* p<0.10, ** p<0.05, *** p<0.01

The results show that there is evidence for information frictions. The aggregate esti-

mate of B when using the CPI as the inflation variable implies that an average household



updates its information set roughly every six months.” Almost all estimates with CPI
inflation point to a rejection of the null of full information at the one percent level. The
point estimates and statistical significance are lower for the PCE data, but still indicate
the presence of rigid information.

Analyzing the empirical findings across the income distribution provides strong evi-
dence for a higher degree of information stickiness at the left tail as compared to other
parts of the distribution. A representative household in the first quartile shows an average
duration of seven to eight months since the last information update, while it is five to six
months for higher quartiles of the distribution.®

The lowest part of the distribution contains, among others, poor agents who are of-
ten borrowing-constrained or live hand-to-mouth. The results above suggest that those
households tend to update their information much less frequently than richer households.
I will use this fact for the theoretical model below and, for the sake of simplicity, take
the empirical evidence to the extreme by assuming that agents living hand-to-mouth have
fully rigid information. This seems intuitive as those agents tend to be much less informed
and highly myopic. They undervalue information and therefore do not make an effort to

. . C
acquire it.”

3 Model economy

I propose a model that unifies elements from two different strands of the literature. First,
I introduce heterogeneity in a standard representative-agent New Keynesian model with
sticky prices and flexible wages by dividing households according to their participation in
asset markets. Drawing on the seminal work of Gali, Lopez-Salido, and Vallés (2007) and
Bilbiie (2008), I consider two different types of households: intertemporally optimizing
savers and constrained agents living hand-to-mouth. Second, I build on Mankiw and Reis
(2006, 2007) and assume that only part of the savers are fully informed about economic
conditions every period. This assumption is motivated by the empirical evidence provided
in the previous section. Savers alone value additional information to make their optimal
decisions while agents at their borrowing constraint have no use for it. Following the

respective terms used in the literature, I call this economy a sticky-information two-agent

"Coibion and Gorodnichenko (2015) describe how the regression results can be mapped directly into
the degree of information rigidity within a sticky-information model as presented in section 3. If agents
update their information sets with probability ¢ in every period, we can write the degree of information
rigidity as a function of the estimated coefficients in equation (1), 1 —b= B/(l +3) From this, the average
duration between two updates can be expressed by 1/3 =1+ B

8The instrument for the regression of the lowest quartile seems to be weaker. This could also explain
the slightly higher standard errors.

9Broer et al. (2021) emphasize that information only becomes valuable when an agent is away from
the borrowing constraint. As long as households live hand-to-mouth, they have no benefit from additional
information because they do not need to decide about their savings or consumption smoothing. In fact,
the authors find empirically that households at low levels of wealth are less well informed.



New Keynesian (SI-TANK) model.'"

The model economy is based on a small-scale dynamic general equilibrium model with-
out capital or a government where agents meet in three different markets: the goods
market, where firms sell varieties of goods to households; the labor market, where house-
holds sell a representative type of labor to firms; and the financial market, where part of
the households trade bonds among each other. To close the model, a monetary authority

controls the real interest rate. Appendix A contains details on the derivation of the model.

3.1 Households

The economy is populated by a continuum of households indexed by j € [0,1]. Out of this
unit mass, an exogenous share w has no access to financial markets and thus cannot smooth
consumption over time. These households only consume their disposable income such that
the marginal propensity to consume out of their own income is equal to one. Following
the literature, I call this type of agent hand-to-mouth (H), or constrained, households.
The remaining 1 — w households hold all assets in the economy. They can save by trading
state-contingent bonds among each other and equally own firms. I follow Bilbiie (2008)
and call them savers (5).

In each period, a household decides how many varieties of goods to buy from firms
and how many units of labor to provide in order to produce these varieties. Irrespective

of its type o € {H, S}, a household’s period utility function is given by

(L) +1

U (€8y02) =y - e

t?]’

: (2)

where C7; is the consumption level of household j at time ¢, L7 are hours worked by
a household, 7 is the inverse of the Frisch elasticity of labor supply and & captures the
relative weight of the disutility in labor.

Each household decides on the optimal allocation of spending across the different
varieties of goods in the economy.'’ For this, a household of type o € {H, S} has full

information and solves the following problem:

cp

1 1 =1\ -1
min / P(i)CY;(i)di st CF; = (/ O di) ,
0 0

{cr;0 }ie [0,1]

where C7; is a household’s consumption index for different varieties of goods indexed by

i € [0,1], with an elasticity of substitution €, > 1. P;(i) is the price of variety i. The

9 According to the groups of households present at each point in time (hand-to mouth agents, updated
savers and non-updated savers), one might label this framework as a three-agent model. Instead, I think
of the model as being composed of two types of households, one of which has two subtypes with respect
to whether the information set is up-to-date.

1n the terminology of Mankiw and Reis (2006, 2007), this decision is made by the attentive shopper,
whereas the decision about total expenditure is made by the inattentive planner.

10



solution to this problem is

AU ®)

where the aggregate price index is defined as Ptl_e” = fol Py(i) v di.

3.1.1 Savers

Each unconstrained household wants to maximize its expected discounted utility drawing

on (2) while facing the following period budget constraint:
1
PiCj + By = WiLi + (14 i) By j + T——PDi+ Pl

where P; is the aggregate price level of goods, ij are nominal bond holdings, W; is the
common flexible nominal wage associated with the representative type of labor supply Ly,
i+_1 is the nominal return at time ¢ on a bond purchased in t — 1, D; are real dividend
payoffs arising from firms’ profits and equally distributed to the savers, and 7} ; are real
lump-sum transfers. Transfers arise from an insurance contract that all these types of
households enter to ensure that they start with the same real wealth in every period.

As seen before, each saver is fully attentive when deciding about how to allocate total
spending across differentiated goods. On the other hand, when it comes to the planning
of total expenditure and savings, unconstrained households face costs of information that
make them prone to being inattentive. They will make decisions only at irregular intervals.
I follow Mankiw and Reis (2006, 2007) and assume that savers obtain new information
about the current state of the economy with probability 6 € [0,1] every period, which
is constant and independent across households.'” Based on this information, updating
households will choose a consumption plan into the far future. Agents that have not
updated their information in a given period continue to make their decisions based on
outdated information by following the pre-determined consumption path from when they
last updated. Consequently, the mass of savers is divided into a share of § agents with
current information and §(1 — §)* agents with information as old as i periods, where
1 =1,2,.... The case of full information is nested for § = 1.

Savers only differ in the period in which they last updated their information set. I
therefore redefine the index j accordingly: for this part, ij denotes expenditures at time

t for a saver who last updated his information set j periods ago. The optimality conditions

2Tn fact, to derive solutions for the policy experiments further below, I need to assume that § € (0, 1].

11



of the maximization problem (see Appendix A.1) are then the following:

(Cfo)_l = BE; [Rt+1 (CZSJrl,O)_l} 7

~1 -1
(Ciys) =B [(Cingj,O) ] )
— Wt

5050 (Lf)n - ?t )

where Ry1 = (144) PZ - denotes the gross real return on bonds between periods ¢ and ¢+1.
These conditions hold for all ¢t and j. The first one is the Euler equation which specifies
the optimal intertemporal consumption-savings choice between today and tomorrow of a
consumer in an attentive household. The second expression is the Euler equation for an
inattentive consumer. It states that the marginal utility of consumption of a saver at any
point in time should be equal to the corresponding expectation of the attentive consumer’s

marginal utility. The last condition determines the labor-leisure choice.

3.1.2 Hand-to-mouth households

Constrained households do not hold assets, but only consume their current disposable
income in every period. They maximize their utility U (C'tH LA ) subject to

pCH =w,LE .

As agents supply a representative type of labor and prices and wages are common to all
agents, consumption will be the same across hand-to-mouth households, C{Ij =CH.

The resulting optimality condition is

W,

n ¢

C (L)' = B
3.1.3 Aggregation

Consumption of household type o € {H, S} is given by C{ = fol C?;dj. Aggregate spending
of all households is equal to C; = wCH + (1 — w)C'tS , whereas total labor supply is L; =
wL + (1 —w)L{. Finally, summing the individual demand for each variety in (3) over all

agents of each household type and aggregating up leads to the total demand for variety i:

Cy(i) = Cy <P;3<j)> - , (4)

where Cy(i) = wCH (i) + (1 — w)CP(4).

3.2 Firms

The firm side of the model is kept standard. There is a continuum of monopolistically

competitive firms owned by savers, each of which produces one of the differentiated con-
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sumption goods ¢ using labor as the only input. They take aggregate prices and wages as
given, thereby facing the same market wage W;.

Each firm minimizes its total variable cost of production W;N; (i), given the production
function Y;(7) = Ni(i). This brings along a real marginal cost MC; = %. In addition,
each firm maximizes nominal profits P.D:(i) = P;(i)Y:(i) — Wi N¢(7). Summing over all
firms leads to total nominal profits P,D; = P,Y; (1 — MC}), which are redistributed to
savers by dividend payments. I assume a Calvo (1983) price setting, where each firm can
reset the price of its good in every period with probability 1 — A, which is constant and
independent across firms. The problem of firm ¢ at time ¢ choosing the reset price that

maximizes the current market value of the profits generated over the time that the price

remains effective is

Illgl??)i E; Z/\k [Qt,t—i—k (Pt(i)y;f—&-k\t(i) - Wt+th+k|t(i)):| )
0 k=0

s.t. Y%_,_k\t(’i) = Nt+k|t(i)1_a )

Vi (i) = Coqn (Pt(i)> ;

Py

where Q;¢4x = ¥ (Cétf)’o)77 Pit—k is the stochastic discount factor for nominal payoffs in
period t +k, P;(i) is the price chosen by a firm that re-optimizes in period ¢, and X4 (7)
is the value of variable X at time ¢t + k for a firm that last reset its price in period t.

All producers face the same production function and the same probability of resetting
prices for their goods, which is why all adjusting firms set the same adjustment price
Pt(i) = Pt- Hence, Yt+k|t(i) =Ytk Nt+k\t(i) = Niikpt and also Mct+k|t(i) = MCt+k\t-
The resulting optimality condition for the reset price, written as a function of the real

marginal cost, is

5 2o N Bt [QuenrYipp P Crypgi]
) = )
e — 1 > ko N Er Qe kYinye]

where the aggregate price dynamic is governed by
N\1-6] T
P= AP (1= ) (Pt) ”] "

3.3 Monetary policy

The central bank strives to fix the real interest rate, where I assume that the Fisher

equation holds. The nominal interest rate is determined by

P, P,
it = log [Et< ;1)] +¢&¢ = log |:Et <Rt+1 ;rlﬂ ;
} ¥
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where e, = p.ei—1 + 1 is a policy shock with innovation v, ~ N(0, 0'52) and persistence
pe € [0,1]. This policy rule implies that the real interest rate is exogenously determined
by the monetary policy shock. It allows to isolate the mechanisms on the aggregate
demand side by prohibiting interactions with aggregate supply, in particular inflation, as

will become evident later.

3.4 Market clearing

In the goods market for each variety ¢ € [0,1], it holds that Cy (i) = Y;(i), where total

ep—1 ep—1

output is defined as Y; * = fol Y;(i) < di. Using the demand function in (4), it follows

that Y; = C;. Furthermore, labor market clearing requires total labor supply to be equal
to total labor demand, L; = fol Ny(i)di. This leads to Ly = N;. Finally, financial assets
are in zero net supply and so fol ijdj = 0.

3.5 Steady state

The model is approximated around a deterministic steady state. From the Euler equa-
tions of the saver, one gets R = 57! and CSJ = C’j?o = (%, which shows that different
information sets do not play a role if variables are constant in steady state.

Assuming zero profits and zero lump-sum transfers in steady state, the budget con-
straint for both types of households evaluated at steady state collapses to PC° = W L°
and their labor supply condition becomes £C° (L°)" = W/P, where o € {H,S}. Com-
bining these two expressions entails consumption and hours worked being equal across
households in steady state, namely that C° = CH = C and LY = L¥ = L. Moreover,
by market clearing, C' =Y and L = N. Finally, due to zero profits in steady state, total
nominal profits become PY = W N.

3.6 Equilibrium conditions and reduced-form representation

Table 2 contains the log-linearized equilibrium conditions. Small letters denote the log-

linear deviation of the respective uppercase characters from a variable’s non-stochastic

steady state. Two exceptions are w; and r¢, which are the log-linear deviations of the real
W

wage 5t and of the real return E; [Ry+1], respectively. In addition, profits and transfers
Dy

are defined relative to total income, d; = 5+ and t; = % Finally, inflation is defined as
Ty = Pt — Pt—1-

In a next step, I present the key log-linearized equilibrium conditions for the demand
and supply side of the SI-TANK model. See Appendix A.2 for further details on the
derivations. It is important to emphasize that the framework here nests the representative-

agent (for w =0 and § = 1) and the basic two-agent (for 6 = 1) New Keynesian models.
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Table 2: Equilibrium conditions for the SI-TANK model

Euler equation, attentive S cf’o =FE, (cts 10— rt)
Euler equation, inattentive S cg ;=Ei—; (0;20)
Consumption index, S ;=03 2,(1=d8)¢)

-
Labor supply, S nle = w, — cﬁo ’

Budget constraint, S cf = wy + lts + idt + t

Labor supply, H i = w; — !

Budget constraint, H ctH =w; + lf

Production function Yy =l

Real marginal cost me; = wg

Real profits diy = —mey

Phillips curve T = BE(mi41) + Mmct
Monetary policy rule it = Ey(meq1) + &4

Fisher equation it =11 + Fy(meer)

Aggregate consumption ¢t =wel + (1 —w)ed

Aggregate labor Iy = wlff + (1 —w)ly

Resource constraint Y = Ct

Aggregate demand. First, the log-linearized Euler equation for savers reads

[e.o]

¢ ==0) (1=0)E;(Ry) , (5)
j=0

where Ry = Ey (35 o Tt+%) is the long-run real interest rate. The consumption of savers is
determined by current and past expectations of Ry: lower (expected) real rates encourage
consumers to save less and to spend more. The impact of unexpected shocks to these
real interest rates is dampened due to the fact that only a share of consumers § are fully
informed.

Second, we can write consumption of hand-to-mouth households as a function of ag-

gregate spending and past expectations of real interest rates:

Cfl = y{{ = Xsr-ranx Yt T 49 Z(l - 5)jEt—j (Rt) ) (6)
j=1

where U = <ﬁ

Xg.ranx 15 one of the key parameters of this paper. It denotes the elasticity of constrained

) is a composite parameter decreasing in both w and §. Moreover,

households’ individual income to current aggregate income ¥, disregarding information

sets last updated in the past, and is defined as

_ 1+4n
Xsi-tanx = w+(1_w)5 :
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A similar expression for individual spending can be derived for savers:
S — Myt _ (1 _ 5\1;)5 i(l — 6V Ei_; (Ry) (7)
t 1 —w = —J :
The second term of (6) and (7) refers to agents with outdated information sets and be-
comes relevant when looking at past or anticipated shocks. It captures the spillover of
expectations about the long-run real interest rate R formed in the past to the consumption
of both household types at time t. Savers expecting interest rates to be lower in the fu-
ture stimulate spending in the past. By intertemporal substitution, this also increases the
current consumption levels of savers and therefore affects hand-to-mouth households.'?

Finally, the IS curve (or aggregate Euler equation) reads

o0
=y =—p wR+ 1—w5z N E—;(Re) p (8)
7=0
where p = % The IS curve entails the usual inverse relationship between aggre-

gate consumption (or output) today and expected real interest rates. Different from the
standard New Keynesian literature, these expectations are split into two different parts:
an undiscounted sum of future real interest rates, also present in RANK models, and a
stream of current and past expectations about current and future real rates, emerging
from incorporating sticky information. On top of this, the IS curve is shaped by u, which
increases in the share of hand-to-mouth households.

Aggregate supply. The Phillips curve of the SI-TANK model is given by

= BEi(mig1) + kyp — O L Ry =6 Y (1= 6V By (Ry) ¢ (9)
j=0

1-A)(1-X
where Kk = Ox g and © = w

Current inflation depends not only on ex-
pected future inflation and output, but also on past expectations of the long-run real
interest rate.'* Just as for the individual consumption levels, the last term is redundant
when ignoring past or anticipated shocks. Also note that (9) turns into the standard
New Keynesian Phillips curve and becomes independent of the share of hand-to-mouth

households w if agents are fully informed (6 = 1).

130n closer examination of equation (6), it seems that the anticipation of a negative interest rate shock
today by agents in the past (second part of the equation) attenuates the increase of ¢ arising through
larger aggregate spending (first part of the equation). However, considering that y: itself is governed by
past expectations, it can be shown that the net effect of this cut in the real rate is positive as long as
n > 0. The consumption of hand-to-mouth households will eventually be higher relative to the case without
anticipation of the shock; and likewise the spending of savers.

Note that firms’ marginal cost and thus inflation depend directly on monetary policy. A higher
nominal interest rate affects the cost of working capital and leads to higher prices. This transmission
mechanism known as the cost channel in the literature (see, e.g., Barth & Ramey, 2002, and Ravenna &
Walsh, 2006) entails a mitigated response of inflation after a policy shock.
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Table 3: IS curve for various model specifications

Full information Sticky information
RANK =Ry =021~ 6 E; (Ry)
TANK Yo = —pRy Y= —H {WRt +(1=w)d 3720(1 =0y Bty (Rt)}
Notes: The composite multiplier is defined as p = l_ixﬁ, where X x = 1+ 7. Moreover,

Ri=Ev (370 Tetk)-

4 Amplification and dampening in interaction

The combination of household heterogeneity and sticky information generates dynamics
different from standard New Keynesian models. To get a deeper insight into the mecha-
nisms at play within the SI-TANK model, I will now look separately at the impact of an
exogenous monetary policy shock that changes the real interest rate. For the time being,
I will exclusively focus on the response of aggregate consumption and on the period in
which the change in the real rate actually occurs, that is, the initial impact of the shock.
Further down in section 5, I will also elaborate on potential differences in peak impacts

between the models and discuss the response of inflation.

4.1 Aggregate demand under the two frictions

A natural way to investigate the nature of consumption and output responses is through
the aggregate Euler equation. Table 3 displays IS curves for different model alternatives,
which will be discussed successively in the light of a change in the real interest rate.

The representative-agent New Keynesian (RANK) model with full information and
the standard consumption-smoothing type of household serves as a benchmark. Output
is completely negatively related to the long-run real interest rate R. Higher expected
real rates encourage consumers to save more and to spend less, thus depressing aggregate
consumption.

Dampening. Assuming imperfect attention to economic events and shocks results in a
representative-agent economy with sticky information (SI-RANK). Similar to the model
described in section 3, households are partly inattentive, meaning that only a fraction of
them update their information about the state of the economy in any period. This leads
to the case where output in equilibrium is no longer determined by current expectations of
R alone, but also by past expectations. This implies a dampening effect as follows. A cut
in interest rates encourages updating households to increase their consumption. However,
only a share of households are fully informed in each period and learn about news. As a
result, aggregate demand will react less to the occurrence of shocks to the real rate relative
to RANK. It will only adjust slowly over time, always leaving behind some agents with
outdated information sets. That is the result found by Mankiw and Reis (2006, 2007) in

its purest form.
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Note that a change in the real interest rate is attenuated as long as there is rigid
information and hence lagged expectations, be the change unexpected or not. On the
other hand, the more households update their information sets in the current period
(higher §), the more aggregate spending responds to changes in interest rates and the
closer the output response to the case without information frictions. In fact, the model
nests RANK for 6 = 1.

Amplification. Adding hand-to-mouth households to the representative-agent model
leads to the simplest version of a two-agent New Keynesian (TANK) economy. As Table
3 shows, this model’s IS curve differs from the RANK case in p. This composite pa-
rameter is affected by labor market characteristics (captured by the Frisch elasticity of
labor supply) and the degree of heterogeneity (captured by the share of hand-to-mouth
households). Looking at individual consumption levels, the TANK model is characterized

_ 1-wXqunk

by ¢/ = X pavie Yt and ¢ = Ty, where X = 1+ 1 is the elasticity of con-

strained households’ individual income to aggregate income. As a result, the multiplier
1—w

=X pang

Amplification requires the effect of a change in the real interest rate on aggregate

reads p =

demand to be higher than in RANK (i.e., ¢ > 1) and to increase in the share of hand-
to-mouth households w. This is the case if and only if X, > 1, namely when the
individual income of constrained households responds more than proportionally to changes
in aggregate income.'” By contrast, the savers’ income elasticity will be smaller than one
in that case. This implies countercyclical income inequality as analyzed by Bilbiie (2020,
2025), meaning that inequality between unconstrained and constrained agents declines in
a period of economic expansion. '’

The intrinsic mechanism behind the amplification works through the specific distribu-
tion of profits I postulated, following Bilbiie (2008). Assume a cut in interest rates that
induces an increase in aggregate demand. Even though agents then consume more and
work less at a given wage, sticky prices induce firms to increase labor demand. The result
is higher wages. This increases the individual income of hand-to-mouth households, which
they completely spend for consumption because they cannot intertemporally optimize.
Thus, they respond to the initial shock with a higher demand; exactly where x v > 1 is
put into effect. This boosts aggregate spending, pushing up wages further, and so on. At
the same time, the rise in wages translates into higher marginal costs for firms, shrinking
their profits and therefore also each saver’s dividend income. As their individual income

goes down, savers are willing to bear the required increase in labor supply to meet the

15Bilbiie (2008) shows that, depending on the proportion of hand-to-mouth households, the slope of
the IS curve may turn positive and reverse the impact of the real interest rate on aggregate demand. In
the present case, one needs w < 1/(1+ ) for p to be positive. This is achieved with empirically plausible
values for 1 and respective estimates of hand-to-mouth shares in empirical studies. I therefore focus only
on the common case where p > 0.

16For a complementary analysis within a more complex heterogeneous-agent framework, see the earnings
heterogeneity channel in Auclert (2019). Moreover, Patterson (2023) provides estimates for the covariance
between MPCs and individual earnings elasticities to GDP.
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higher aggregate demand and work more.

It is apparent that the presence of constrained households that live hand-to-mouth is
essential for the real effects of monetary policy to be different from RANK. The MPC
out of their own income is one, which increases the aggregate MPC in the economy. In
addition, the feedback mechanism from individual back to aggregate income described
above is precisely what eventually leads to amplification.

Amplification and dampening. Incorporating household heterogeneity as well as
sticky information in the standard RANK economy yields the SI-TANK model. The
corresponding IS curve unifies amplification and dampening. On the one hand, both
types of households react to a change in the real rate, leading to a reinforced impact
on aggregate demand as described before. This mechanism is captured by the TANK
multiplier u. At the same time, the response of spending is attenuated because not all
agents are aware of the change. However, different from the amplification element, § just
reaches part of the agents. This arises by construction of the model since only a fraction
of savers 1 — w is subject to the information friction. Unifying both frictions, the model
naturally nests TANK (for 6 = 1) as well as SI-RANK (for w = 0).

While the initial response of output is amplified by the presence of hand-to-mouth
agents relative to RANK, information rigidity tempers it relative to TANK. It appears
natural to ask under which conditions the propagation of monetary policy shocks takes
one or the other direction. To find a sufficient answer, the IS curve can be rewritten as

1—

y=— Y SR (1 - w)8 Y (1 -8B (Ry) .
7j=1

— WX g rank

Focusing exclusively on real interest rate changes that are unanticipated, the second term
equals zero because it refers to agents with outdated information sets.'” The first term
consists of two parts. The fraction is characterized by amplification for g e > 1,
similar to TANK. Thus, disregarding any outdated expectations, the individual income
of constrained households has to be more elastic to aggregate income than that of savers.
However, this condition is not sufficient to achieve overall amplification in the SI-TANK
model: the presence of the stickiness parameter § might eventually dampen the total effect

of a change in real rates. Instead, the following (sufficient) threshold conditions hold:

1—
Amplification (on impact): Xg ke > —— +9>1;
w

1-4
Dampening (on impact): Xg e < —— +9 .
w

These expressions point out three things. First and to some extent obvious, what deter-
mines the net propagation effect in the SI-TANK model is the relative magnitude of w

L+0n 5- Appendix B approaches this

as against ¢, which in turn both shape x g ;v = TF—w)

"For expected changes in the real interest rate, the condition for amplification depends on when the
change is announced. However, this case is left out of consideration here.
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interplay and the role of the labor supply elasticity graphically. For a given share of hand-
to-mouth agents, the probability of getting dampening on impact increases if information
becomes stickier. On the contrary, if the degree of information stickiness is fixed, the
amplification of aggregate demand is more likely with a higher proportion of constrained
households. On top of that, this result does not only hold for the aggregate demand re-
sponse on impact, but also for the periods subsequent to the shock. I will elaborate more
on this point in the graphical analysis of the model in section 5.3.

Second, amplification calls for countercyclical income inequality, as in Bilbiie (2020,
2025) or Patterson (2023). However, it may require X, tO lie considerably above
one, meaning that constrained agents’ income reacts substantially to changes in current
aggregate income.'® Naturally, this is to outweigh the downward pressure caused by sticky
information. The closer the model moves to the full information case, the lower X g ;i
will be.

Third, dampening might arise even if income inequality is countercyclical. This re-
sult is contrary to Bilbiie (2020, 2025), where attenuated aggregate demand presupposes
procyclical inequality.'® Unlike such a TANK model, a share of savers remain here unin-
formed about any news in each period. Since, as a result, only a fraction of them react
to a monetary policy shock, the response of their spending behavior is relatively weak.
This also depresses aggregate consumption relative to a simple TANK model with full

information. In fact, the expressions above nest the latter case for § = 1.

4.2 Multiplier effects after a monetary policy shock

The interplay of amplification and dampening generates effects of various magnitudes. To
narrow down the analysis to a common shock, I now consider the effect of an unexpected
one-time cut in the current real interest rate on aggregate demand. This impact multiplier

can be expressed by
Oy

where M denotes the respective model specification. Table 4 shows the aggregate demand
multiplier ®,; for the different cases.

As before, the starting point is the standard RANK model, which has an aggregate
demand multiplier of 1. Adding sticky information attenuates this multiplier. Not all
households perceive the shock so that aggregate spending increases only partly. On the
other hand, incorporating hand-to-mouth agents in RANK can induce an amplified re-
sponse of output provided that income inequality is countercyclical (i.e., X v > 1)
Finally, in the SI-TANK model, amplification and dampening clash. We learned in the

previous section that the magnitudes of w and § are critical to determine which of the

8In comparison to the TANK model, the income elasticity of constrained agents is required to be
higher to get amplification in SI-TANK. This can be ascertained by rewriting the threshold condition as

—u)2
X > 14 (1 —6)3=27 > 1,
19Note that in the present simple framework y s.rave > 1 always holds, independent of parameter values.
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Table 4: Impact of monetary policy on aggregate demand:
formal expressions

Full information Sticky information
RANK S pavk =1 D g1 pank =0
TANK Q ANk = 1 Qsr-rANK = pw + p(1 — w)d

Notes: Multipliers ®); of the effects of an unexpected interest rate
cut in the current period on aggregate demand in model specification
M. Tt holds that u = —2=“— where X, = 1 + 7.

1—wX vk
two forces eventually prevails. However, by considering the ratios between various mul-
tipliers instead of absolute effects, the following proposition states some universal results

regarding the propagation of monetary policy shocks.

Proposition 1 (Asymmetric effects of dampening and amplification). Consider the initial
aggregate consumption response to an unexpected, one-time change in the real interest rate.
(1) Sticky information dampens this response more strongly when added to a RANK model
than to a TANK model:

D raNKk S D ANk

Por-pavg — Psi-Tank

(II) Household heterogeneity amplifies this response more strongly when added to a SI-
RANK model than to a RANK model:

Dor-raANK S D ANk
Dorpank ~ Prank

These asymmetries are independent of parameter values.

Proof. Follows from the multipliers reported in Table 4 and the fact that 6 € [0,1]. W

The impact of neither of the two rigidities is proportional across models. The dampen-
ing arising from incorporating sticky information is much less pronounced in a two-agent
compared to a representative-agent framework. On the other hand, adding hand-to-mouth
agents has a larger relative impact when information frictions are present at the same time.

Even though somewhat mechanical, it seems particularly striking that heterogeneity
is proportionately more influential in the presence of information rigidities. Prominent
TANK or HANK models show that hand-to-mouth agents are one of the most important
elements to achieve amplification. The results above suggest that a lot of these amplifying
effects might instead originate from information frictions, implying an overstatement of
the importance of heterogeneity in this respect.

Both asymmetries are based on the different channels through which the propagation
of the monetary policy shock works. The amplification mechanism in a two-agent econ-
omy involves both types of households, meaning that the adjustments in their optimal
behavior jointly contribute to the boost in aggregate demand. This holds independent of

the presence of information frictions.
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It matters, in contrast, whether sticky information comes along with heterogeneous
households. While all households are prone to being inattentive in a representative-agent
framework, this turns out to be different in SI-TANK. In fact, (limited) inattention to
information is intrinsically linked with intertemporal optimization. Not only are hand-to-
mouth households unable to shift consumption across periods by saving, they are also not
subject to the information friction. These agents are extremely myopic in the sense that
they do not care about the future or about how much and which information is revealed at
any point in time. In fact, they have no use for additional information and therefore never
acquire it. Savers instead benefit from this information to make their optimal decisions,
but given the cost to acquire it, they update their information set only infrequently.

The assertions above are best reflected by ®gr.7anvk in Table 4. While the TANK
multiplier u that guides amplification reaches both types of households alike, only a share
of savers (1 — w) are affected by the information stickiness parameter. In SI-RANK,
all households are impacted by §. The respective two fractions for sub-propositions (I)
and (II) in Proposition 1 might only be identical if one added some sort of information
stickiness on the part of hand-to-mouth households, whatever its source. Otherwise, in
the case at hand, the wedge between the ratios becomes wider with a larger share of
constrained agents (higher w) or more stickiness (lower §). The degree of asymmetry thus

becomes more pronounced. See Appendix C for a graphical demonstration in this regard.

4.3 Complementarity between agent types and dynamic effects

Household heterogeneity and information rigidities have been studied so far without con-
sidering the potential complementarities between them. In particular, I have assumed that
hand-to-mouth agents are fully inattentive to information because they are financially con-
strained and have no need for information. More in line with the empirical findings of
Table 1, we could suppose instead that agents located at the lower end of the income
distribution have a particularly high (but not infinite) degree of information rigidity. This
would allow us to assess how the interaction of heterogeneity and information drives the
dynamics of aggregate demand in the SI-TANK model.

To discuss the interaction between w and J, I consider two alternative setups. First,
we could assume a third type of household with a very low probability of obtaining new
information. It is close to being hand-to-mouth, but able to save a small portion of its
income up to a certain limit. Such an intermediate agent is still highly sensitive to changes
in its earnings due to the risk of becoming fully financially constrained. If the real wage
increases after a cut in interest rates, however, only a small share of the intermediate
agents will adjust their optimal behavior while the much larger fraction sticks to outdated
consumption plans. Therefore, if we introduce an intertemporal substitution component
on the part of households with very infrequent information updates, we lack the strong

amplifying effects known from fully constrained agents. Compared to the baseline model,
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the result is a relatively smaller response of aggregate demand which decreases further
with lower §.

In a second setup, we could start from the idea that constrained agents live hand-to-
mouth precisely due to the presence of information frictions, meaning that they consume
all their income in each period as long as there is no information update. Following again
the results in Table 1 and assuming a low probability that such updates will occur, the
response of this type of household to an interest rate cut will be close to the reaction
of the baseline hand-to-mouth agents. Only a small fraction will refrain from naively
consuming all income gains. Once those agents learn about the shock and its persistence,
they will start saving part of their higher individual income as their financial constraints
have loosened.?’ Consequently, the amplification coming from hand-to-mouth agents will
be slightly weaker due to the small fraction of agents that essentially switch from being
fully constrained to a low-savings type. This translates into an aggregate demand response
that is only marginally lower, at least as long as the degree of information rigidity of hand-

to-mouth agents remains high.

5 Analytical insights for the effects of monetary policy

Taking advantage of the tractability of the SI-TANK model, this section strives to find an
analytical solution for the impact of an unanticipated monetary policy shock, with the aim
to isolate the aggregate demand side. Solving sticky-information models can be tedious
due to infinite lagged expectations. I follow hereafter a straightforward approach that
leads to simple reduced-form equations for aggregate demand and inflation. Those kinds
of solutions provide more insights into how monetary policy works in SI-TANK, but also
confirm some of the results that have been found earlier from a different point of view.
The section will be completed with a graphical analysis meant to discuss what happens in

the periods following the initial occurrence of the policy shock.

5.1 The pitfall of expectations under sticky information

The difficulty in handling models with sticky information arises from the presence of an
infinite number of lagged expectations, which leads to an infinite state space. A few papers
try to deal with this problem, either by building on infinite moving average representations
and the method of undetermined coefficients (Mankiw & Reis, 2007; Meyer-Gohde, 2010;
Wang & Wen, 2006), or by implementing restrictions regarding the number of lagged-
expectation terms (Trabandt, 2007; Verona & Wolters, 2014). Although these methods

20We could assume instead that the degree of information rigidity is state-dependent. For instance,
while households at the borrowing constraint do not value additional information, it tends to be very
useful when wealth starts to increase because savings mistakes can become costly. As a result, their
attentiveness changes. See Broer et al. (2021) for a model that combines incomplete markets with dynamic,
heterogeneous information choices.

23



are valid from a computational point of view, they reveal the common issue that it is
tedious or not possible at all to solve models with sticky information analytically.

In my simple model, I overcome the issue of lagged-expectation terms by the specific
choice of the policy rule and by assuming an AR(1) shock process ¢; = p.et—1 + 4. The
former implies that the central bank controls the real interest rate, which makes it possible
to abstract from aggregate supply and hence to isolate the aggregate demand side of the
model — equivalently to what could be achieved through postulating fixed prices. The
shock process then allows me to solve for the lagged expectations within the IS curve
analytically, namely by feeding it directly into the IS curve and transforming the past
expectations of future shocks into expressions that are only dependent on past shocks and
their persistence.

Combining the monetary policy rule and the Fisher equation yields
Tt =&t .

The real rate in each period is completely determined by the policy shock, and the long-
run real interest rate R; is therefore exogenously determined. Inserting this into the IS

curve (8) gives

Y = — O.)Et (Z €t+k> + (]. — (,U)é Z(l - (5)jEt_j (Z €t+k> . (10)
7=0 k=0

k=0

It is useful to expand the part with lagged expectations in different ways:

= 52(1 — 5)j{Etj (St) + Etfj (5t+1) + Etfj (8t+2) + ... }
=0

oo oo o)
= 0E, (Z 5t+k> +6(1—0)Ei—4 (Z 5t+k> +6(1—0)°E;_o (Z €t+k> +
k=0 k=0 k=0
The second line emphasizes the role of the policy shocks. The curly brackets enclose a
stream of expectations for the current shock, but also for all shocks up to the infinite
future, captured by the index k. Compared to this, the third line rewrites the IS curve in
a way to stress the presence of current and past information sets of the stream of shocks
from time ¢ on, weighted with the respective probabilities to update. This dimension is
captured by the index j. As a result, consumption and output are determined by the
current and past expectations of current and future policy shocks, resulting in an infinite

stream of combinations of information sets and shocks.
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5.2 Analytical solution for an unanticipated one-time innovation

To study the dynamics of the model at hand, I will look at an unanticipated one-time
innovation that happens at time ¢, 14, and fades out thereafter. To isolate the effects of
v, I disregard any future anticipated and any past monetary policy shocks. For a more
general solution including past shocks, see Appendix D.

In order to obtain an analytical solution, I start by simplifying the expectation expres-
sions for some k > 0. Forwarding the AR(1) process that was assumed for the shock gives

the common result
k—1

Et+k = P&t + Pe Vt+k—m »

m=0

which holds for all t. Given that v is assumed to have mean zero and I rule out future
anticipated shocks, one gets Ey1; (¢4454%) = prey; for any i, j > 0. Moreover, disregarding
any past shocks means that e, = 14 and that Ey i (e44i4k) = pg+k5t+i_j is only non-zero
for 0 < j < i. The expectation of an agent with an information set older than time ¢t
about shocks at or after ¢ will always be zero, as this agent’s best guess would be based
on (non-existent) shocks before ¢. With all this in mind, the latter expression can be
simplified to

_ itk
Eiyioj (Ettivn) = pe vt

where 0 < j <4. An agent’s best guess of a future unanticipated shock is the last perceived
shock, taking into account the persistence across time. From a date ¢ 4+ ¢ perspective, the
left-hand side reflects the expectation about a shock &k periods in the future of an agent who
last updated his information set j periods ago. This expectation is equal to the product of
two terms: the one-time policy shock that the agents observe in this experiment and the
overall series of persistence coefficients between the date at which the shock happened ()
and the period of the respective future shock (¢+i+k). Due to p. € [0, 1], the weight on v
decreases if the time difference between ¢ and the respective future shock increases. Note
that apart from ensuring that ¢ — j > 0, the index j is irrelevant for the final expression
as all information sets before time ¢, where the innovation happens, can be neglected.

Aggregating over all k implies

0 7
Eiyi—j (Z 5t+z‘+k> =Py (11)

k=0 1- Pe

Aggregate demand. Inserting this last expression into the IS curve (10) yields, for

all non-negative ¢,

wry 4+ (1 —w)é Z(l — Ny,
=0

Yt+i = —/~L1 py
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which can be further simplified to

€

Instead of depending on partly unknown elements, aggregate consumption and output are
now solely functions of the innovation at date ¢, whose quantitative impact depends on the
two main parameters of the SI-TANK model. More persistent shocks in the past increase
the effect of a policy shock. In addition, the larger the share of hand-to-mouth agents
(higher w) and the lower the degree of information stickiness (higher d), the larger the
impact of shocks from the past.

Mirroring earlier results, only the expectations of agents who updated their information
set at or after time ¢ determine spending in equation (12). Although the innovation
that happened in t affects future consumption and output through the persistence of the
shock, the strength of the effect is dampened by the mass of savers who last updated their
information sets before the innovation happened. In other words, those savers might have
updated i 4 1 periods ago, but clearly remained uninformed since then. Overall, the curly
bracket therefore captures the mass of all households that, at time ¢ + ¢, know about the
occurred shock. It is exactly this group of agents that is affected by the TANK multiplier
u, amplifying the output response if income inequality is countercyclical. However, since
the mass of informed households is smaller than in a model without information rigidities,
the amplification effect is lower as well.

Aggregate supply. Using (11) and (12) in (9) leads to

Titi = BEyi(Tiqi1) — @{XSI-TANK/J’[1_(1_w)(1_5)i+1] - (1-0)w [1_(1_5)1 } 1 ﬁépe Yt -

Similar to the IS curve, the response of inflation is in large part determined by the informed
households, captured by the first square bracket. If the constrained agents’ income elastic-
ity to aggregate income X ;v and the TANK multiplier 1 are considerable above one,
that channel generates a strong amplifying effect. The remaining parts within the curly
brackets include some counteractive small-sized effects due to the sluggishness coming
from non-updating agents.

Solving the last expression forward and simplifying yields

—_0 [ - :
T4i = Xsr-rank M 1— Bpe 1—595(1_5)

- 5)\1]{1 —1ﬁps S 1- Bpsl(l —5" 5)i] } 1 féps v

The effectiveness of monetary policy in this Phillips curve as before just depends on the

(1= w)(1 - 6)+!]

model parameters. The response of inflation is reinforced with a higher p. (more persistent
shock), higher w (more constrained households), or higher ¢ (less information stickiness).

Moreover, as in standard New Keynesian models, a higher share of firms resetting their
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Figure 1: Dynamic responses to monetary policy shock

Output B Inflation
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Notes: Impulse response functions of output and inflation to an expansionary monetary policy shock
of 25 basis points for different model specifications: representative-agent New Keynesian model without
(RANK) or with sticky information (SI-RANK), and two-agent New Keynesian model without (TANK)
or with sticky information (SI-TANK).

goods’ prices increases © and thus the inflation response to the innovation v4.

5.3 Graphical insights

With the simple reduced-form expressions at hand, I now move on to a graphical analysis
and try to quantify the disproportionate effects of amplification and dampening. The ob-
ject of study is an unanticipated monetary policy shock of 25 basis points that happens at
time t and fades out thereafter. Apart from the benchmark representative-agent economy
(0 = 1,w = 0) and the SI-TANK model, I am also interested in the individual role of
household heterogeneity and sticky information. I isolate each of the two by studying the
TANK (6 = 1) and the SI-RANK (w = 0) models separately.

Figure 1 depicts the impulse responses of output (or, equally, aggregate demand) and
inflation after a negative interest rate shock for the different model specifications. Ap-
pendix E outlines the calibration of the model parameters. Starting with the left graph,
several findings with regard to output arise.

First, sticky information dampens the effect of the monetary policy shock on impact
and also for several periods after that. The information friction is therefore able to replicate
the inertial, hump-shaped impulse response behavior found in empirical studies. Output
in the models without a lag in perception immediately jumps on impact and gradually
declines thereafter due to the assumed persistence of the monetary policy shock. By
contrast, having information frictions in the model leads to a more delayed response.
Only households with an updated information set become aware of the policy shock, as
observed in the analytical solution in the previous section. This implies that the maximum
impact on output only occurs after a few periods. Once all agents have gotten to know the
shock, the output response converges to the model alternative without sticky information.

However, sticky information has a disproportionate effect on output, depending on the
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Table 5: Impact of monetary policy on aggregate demand: dynamics

Full information Sticky information

RANK TANK RANK TANK
Impact multiplier 1.00 1.82 0.18 0.79
Peak response 3.13 5.67 1.43 3.04
Cumulative response 33.10 60.10 22.98 47.42

Notes: Effects of an unexpected interest rate cut in the current period on aggregate
demand. The table contains the multipliers on impact (® for model specification
M), the responses cumulated over time (ZiT:o By:, where y; is the response of ag-
gregate demand in period ¢ and 7' = 1000), and the magnitude of the peak impact.

underlying model economy. A look at the first row of Table 5 reveals that it attenuates the
aggregate consumption response on impact proportionally more in RANK than in TANK,
namely by a factor of 3%}( = 5.6 as opposed to q&% = 2.3. This confirms the
result from Proposition 1: hand-to-mouth agents do not acquire information and are thus
not impacted by any information rigidity. As a result, the output response in SI-TANK
peaks earlier than in SI-RANK where all households are affected. The aggregate degree
of inattention to information in the economy is lower.

Second, adding heterogeneity between households permanently amplifies the response
to the policy shock throughout all depicted periods in Figure 1. The cut in the interest rate
triggers the mechanism described before: savers adjust their intertemporal consumption
and labor supply decisions, which increases the demand of hand-to-mouth households and
induces a multiplier effect. Heterogeneity has thereby a stronger relative impact when
combined with sticky information. Table 5 implies that it amplifies the output response in
RANK in the period of the shock (PTANK = 1.8 times, but in SI-RANK even g“ ;ﬁxg =44
times. Although amplification Works through both types of households in the two-agent
models, it matters for the respective ratio that savers alone are prone to sticky information.

Third, given the current calibration, the output response on impact of the shock is
lower in SI-TANK compared to RANK. Although X, ;. = 2.72 and constrained agents’
income therefore reacts strongly to changes in aggregate income, the amplifying com-
ponent seems not to be strong enough and consumption at the aggregate level remains
attenuated. However, the hump-shaped form makes it still possible to achieve amplifica-
tion in a later period. The peak effects in RANK and SI-TANK are quantitatively similar
in the present case, but a different set of parameters can make amplification more likely.
In particular, more frequent updating would mean that a larger fraction of savers adjust
their consumption plans in each period and that aggregate demand would therefore react
more. This would in turn have implications for both the magnitude and the timing of the

peak impact. I show in Appendix F that a larger § leads to a higher maximum response.?!

2 Likewise, more hand-to-mouth agents (a higher w) would lead to a higher peak impact by reinforcing
the amplification channel. These conclusions can be checked by means of the analytical solution for the IS
curve (12).
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Moreover, output then generally peaks earlier in both SI-RANK and SI-TANK, while its
inertia in the latter case is comparable for a broad range of ¢ values.

Fourth, even if output moves less on impact, the cumulative response can show a dif-
ferent picture. The second row of Table 5 illustrates that the present discounted value is
much higher in SI-TANK (47.42) compared to RANK (33.10). Note further that Propo-
sition 1 holds in cumulative terms as well. For instance, adding heterogeneity to RANK
amplifies the output response by a factor of % = 1.8, but by % = 2.06 when combined
in addition with sticky information. These two findings hold even for extreme calibration
values.??

Turning to the price response, the right graph of Figure 1 reveals some features for
the course of inflation after the expansionary monetary policy shock. Compared to aggre-
gate demand, the implications of the considered frictions are rather modest. The already
substantial degree of information stickiness has only a limited impact given the strong
counteractive amplification effects; as was indicated in the analytical solution for the
Phillips curve. Moreover, due to missing information frictions on the part of firms, there
is no delayed reaction of inflation. At the same time, asymmetric effects across models
are absent: Sticky information dampens the initial inflation response by the same (mi-
nor) factor when added to RANK and TANK, respectively, and household heterogeneity
amplifies that response similarly when incorporated in RANK or SI-RANK.

Shifting the focus back on the demand side, one might be interested in the individual
contribution of each household type to the aggregate impulse response within SI-TANK.
Figure 2 reveals that it varies over the periods following the monetary policy shock. The
left graph displays the split of the aggregate into individual responses. Savers only grad-
ually adjust consumption, while the peak impact for constrained households is in the
period in which the shock happens. As one might expect, the sluggishness in aggregate
consumption therefore originates alone from the behavior of the intertemporal optimizers
who are subject to information frictions. In addition, the relative shares in the right graph
indicate that hand-to-mouth agents significantly drive the output response in the periods
right after the shock, because only part of the savers are already aware of the latter. The
remaining share of savers still acts according to their outdated information sets. If time
passes and more savers learn about the shock, the relative contribution of each household

type converges to the calibrated value for the agent’s share in the population.

223ee Table F.1 in Appendix F for a sensitivity analysis with respect to 4.
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Figure 2: Unequal shares of household types in output response
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Notes: Impulse responses of output to an expansionary monetary policy shock of 25 basis points for the
SI-TANK model. Subfigures show absolute (left) and relative (right) shares of each type of household.

6 Implications for policymaking and theoretical modeling

The findings of the SI-TANK model reveal some implications for policymaking and the
fine-tuning of aggregate demand in practice. Briefly speaking, empirical evidence for
constrained households and the degree of information frictions in an economy should be
considered together in the design of policy measures. Understanding their interaction
is important due to the implications for the transmission and effectiveness of monetary
policy and to avoid misleading policy recommendations.

The macroeconomic impact of information frictions and household heterogeneity should
not be studied in isolation. As seen in section 4.1, the (absolute) impact of the propa-
gation of a policy shock relative to a benchmark RANK model eventually hinges on the
magnitude of the two main model parameters in SI-TANK. Various countries may there-
fore draw different conclusions for policymaking when using such a framework. Building
on the figures estimated by Kaplan, Violante, and Weidner (2014), the SI-TANK model
indicates that amplification is more likely if it is applied to countries with high shares of
hand-to-mouth households such as the U.S., Canada, or the United Kingdom (above 30
percent). It is instead less likely for Euro area countries such as France, Italy, or Spain
with smaller shares (around 20 percent), which, all else equal, require a larger monetary
policy impulse to achieve a comparable response of aggregate demand. At the same time,
a lower degree of information stickiness on the part of households may by conducive to
amplification: if a central bank tries to stimulate aggregate spending by cutting interest
rates, more widespread updating of the information sets of households can help.

This paper also opens room for the question of how to precisely model information
frictions in macroeconomics. For instance, Auclert et al. (2020) and Carroll et al. (2020)

assume that all households are subject to the same amount of stickiness. Each household
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adjusts its expectations about macroeconomic variables only sluggishly. The SI-TANK
model postulates instead that savers alone are affected by sticky information. This builds
on the view that the economy is in part made up of a group of (hand-to-mouth) households
that are always at their borrowing constraint and cannot shift consumption across periods
by saving. As a consequence, these constrained agents are assumed to be overly short-
sighted and ignore any kind of information regarding the state of the economy. Their
degree of information rigidity should thus be much different in the data. Unfortunately,
to the best of my knowledge, no study so far regards hand-to-mouth agents’ degree of
inattention separately. There is only evidence of large information rigidities for consumers
as a whole (Coibion & Gorodnichenko, 2012, 2015; Mankiw & Reis, 2007; Reis, 2009a,
2009b). The findings I present in section 2 are a first rough attempt for a more detailed
analysis, but further work in this direction would be needed to show empirically significant
differences in the degree of information stickiness for precisely identified household groups.

It is only safe to say that the way of incorporating information frictions into macroeco-
nomic models will influence the evaluation of monetary policy transmission in practice. My
findings for the SI-TANK model point at the potential asymmetric interaction of amplifi-
cation and dampening effects. The impact of monetary policy at the individual-household
level will therefore depend on whether a specific group of households updates its infor-
mation set at all and if so, how often.?? As seen in the graphical analysis, intertemporal
optimizers only get to know new information slowly, while constrained agents are those
who drive the output response right after a monetary policy shock.

Finally, to influence the behavior of the public effectively, the way a monetary au-
thority communicates is key. Likewise, it is important how economic agents react to the
information provided to them and how they adjust their views about the (future) state
of the economy accordingly. In fact, expectation formation is intrinsically linked to com-
munication by nature and affects the formulation of optimal monetary policy. On the
other hand, differences in MPCs, labor income or also the degree of information frictions
induce households to form distinct expectations as a response to specific policy measures.
Given the implications of these elements for aggregate demand, policymakers might ac-
tively investigate how to tackle them in the context of communication. Shaping the timing
or simplicity of published content and especially the channels through which the public
acquires information is clearly of high importance. As an example, reducing the costs of
households to gather information can make it easier for a central bank to boost aggregate

spending during a recessionary period.

231t remains to be verified whether the revealed asymmetry also arises in frameworks where all house-
holds are affected by information frictions.
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7 Conclusion

Recent advances in macroeconomic modeling increasingly emphasize the need to move
beyond representative-agent, full-information frameworks. This paper contributes to that
agenda by studying how household heterogeneity and sticky information jointly shape the
transmission of monetary policy to aggregate demand. I develop a New Keynesian model
with two types of households, in which part of the population updates their information
only infrequently. These two frictions give rise to specific propagation characteristics of
a monetary policy shock: amplification through the presence of constrained households
with a high MPC and dampening through slow adjustment of household expectations.

A key insight from the analysis is that, different from recent findings in the literature,
countercyclical income inequality across households alone is no longer sufficient to en-
sure strong monetary policy effects. Amplification emerges only if the income response of
constrained agents is strong enough to outweigh the dampening force of limited informa-
tion acquisition. Even more importantly, the interaction between the frictions generates
asymmetric effects on demand. Sticky information attenuates aggregate consumption less
in heterogeneous-agent economies, while household heterogeneity is proportionately more
influential when combined with sticky expectations.

These findings add to a growing body of work combining heterogeneity and informa-
tion frictions to better match empirical evidence. For policy analysis, they highlight the
importance of identifying the exact source of amplification and of understanding how the
interplay of frictions shape the overall strength of monetary policy. This calls for further
attention to how information frictions are modeled and validated, especially when such

models are used to inform the design and communication of policy measures.
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A Model derivations

A.1 Saver’s optimization problem

s\1+n
Each saver has utility from consumption and leisure, U (ij, L ) =In Cffj ¢ %ﬂ“,
and is subject to the following budget constraint:
B, W, BY | . 1
Co+ = = LS L (14 ) S 4 —— D+ T Al
tg T P, P, p (1 +i1) P, +1—w ¢+ Lt (A1)

Since transfers make sure that all savers start into a period with the same level of real
wealth, we can define the right-hand side as Xt*?j = X;. From this, rewriting the flow
of budget constraints, the intertemporal optimization problem of an inattentive saver j

choosing a plan for current and future consumption (with ¢ =0,1,2,...) at time ¢ is

LS )V 41
lncgf—i,i _5M

V(X)) = ‘1-6)
o {of+i?§f+i}{§6( ) 1+

+ 5525i(1 — 6By [V(XP144)] } :
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S o 7S S S
st X = Pt Liprsi, + Revigi (X — Cli,) + Desigi + Tivig,
A

where V(.) denotes the agent’s value function conditional on date ¢ being a planning date,

Rip1 = (1+4144) PZ1 is the gross real return on bonds between periods t and t+1, 5 € (0, 1)
is the discount factor, and C’fj denotes individual consumption at time ¢ of a saver who
last updated his information set j periods ago. The j-subscripts in the budget constraint
were replaced by dots, indicating that all savers arrive in period ¢ with the same real
resources, regardless of when they last updated.

The value function consists of two parts. The first term captures the expected dis-
counted utility that the saver gets if he does not update his information set in any period
from time ¢ on.”* The second part contains the continuation value functions for the po-
tential case in which the household updates again at some point in the future. This can

happen with probability §(1 — §)? in each period.

248trictly speaking, the information friction exclusively affects the consumption decision. How many
hours to work is decided without considering when information was last updated because all savers choose
the same labor supply in each period. As a result, regardless of whether the problem of consumers and
workers are separated as in Mankiw and Reis (2006, 2007), or combined into a single problem, the log-
linearized equilibrium will be equal for the model specification here.
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The optimality conditions (for i = 0,1,2,...) are given by

51(1 - 5)i (Ciii,i)_l =B Z 5k(1 - 5)kEt [V,(Xgi-1+k)§t+i,t+1+k] )

k=1
i ; - e Wi
BH L= 6) (L) =86 B (1= 6 By V(X2 1) Revigsrsk] P: ;
k=i v

V/(XP) =88 BF(1 - 0)FE, V(X2 ) Regsasn]
k=0

with Rt—f—i,t—f—l—i—k = Ht;;}: i R2+1 being the compound return between two periods ¢ + ¢ and
t+ 1+ k. Setting the first condition for i = 0 equal to the envelope condition yields
VI(XP) = (050)71. Inserting this result into the three optimality conditions gives the
Euler equations for both attentive and inattentive households and the usual intratemporal

condition:

cs !
1 = BE, | Rt t+1,0 7
-1
_ Clio
1= Et S 9
Ct+j7j
Wi

A.2 Derivation of the reduced-form model representation

The non-linear model is approximated around a non-stochastic steady state as described

in section 3.6. The resulting log-linearized model conditions are the following;:

Cf,o =FE (Cf+1,0 ) (A.2)
¢ty = Eij (co) (A-3)
¢ = 6%(1 - 5)jcf:j (A.4)
=0
nlf = w; — CEO (A.5)
il = w; — e (A.6)
e =w, +11 (A.7)
Cf:wt+lf+1iwdt+tt (A.8)
Yy =1 (A.9)
mey = wy (A.10)
dy = —mey (A.11)
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(1= =A8)
A

Ty = BEy(Ti41) + Omey, © =

it = Ey(meg1) + &t
it =1t + Er(m)

(A.13)

(A.14)

e =wel + (1 -w)ef (A.15)
L =wll + (1 —w)i? (A.16)
(A.17)

Yt = Ct

Using these conditions, I can derive the aggregate demand (IS curve) and aggregate
supply (Phillips curve) equations in reduced form.

Aggregate demand. 1 start by iterating equation (A.2) forward. In the limit as
time goes to infinity, all agents will be fully informed. Therefore, lim; o0 Et (ri4i) =
lim;o0 By (r;) = 0 and lim;_o0 By (Ceri,O) = lim;_,o0 E} (yts_g) = 0, where the super-
script n is used to denote the natural equilibrium without any frictions such that all agents
are attentive. This leaves us with cfo = —Ry¢, where Ry = E; (352 o Tt+k)- Inserting this
expression into (A.3), combining the result with (A.4) and using (A.17) leads to the Euler
equation (5) of the main text that governs the bond holding decision of savers.

To derive an aggregate Euler equation, first note that the labor supply of hand-to-
mouth households is fully inelastic because I assumed unity for the intertemporal elasticity
of substitution, as shown in Bilbiie (2008). In other words, their hours worked are constant,
such that I/ = 0. Combining (A.5), (A.7), (A.9) and (A.16) yields

cf{:nliwytqtcf’o. (A.18)
By (A.4), one gets ¢ = 5050 +0370,(1 - §) E_; (cfo). Combined with (A.15) and re-
placing c;j’:o in (A.18) leads to equation (6) of the main text, the consumption of constrained
agents as a function of aggregate output and real interest rates.

Finally, using (6) together with (A.17) in (A.15) gives us an expression for ¢ that can
be combined with the Euler equation of savers to find the IS curve (8) of the SI-TANK
model.

Aggregate supply. By (A.6) and (A.10), we get mc; = cl!. Using (6) and replacing
the real marginal cost in (A.12) results in the Phillips curve (9) of the SI-TANK model.

B Dependence of shock propagation on main parameters

The key driver for the propagation of monetary policy shocks in the SI-TANK model is
the relative proportion between the share of hand-to-mouth agents (w) and the degree of
information stickiness (1 — §). Focusing on the initial consumption and output responses

on impact of the shock, in order to get amplification of the effects of a change in real
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interest rates, the following threshold condition must hold:

1-6
Xsr-rank = w +d>1,

where Xg v = %. Otherwise, there is dampening. See section 4.1 for more

details.

Assuming conventional parameter values (see Table E.1), Figure B.1 shows how likely
amplification arises relative to dampening. Given the baseline values of w = 0.31 and
6 = 0.18, respectively, the particular other parameter has to be relatively high to achieve
amplification of monetary policy effects on impact. However, regarding the absolute values,
one needs to consider the simplicity of the model at hand. An extended model including,
for example, fiscal redistribution as in Bilbiie (2020) might narrow the dampening region.
Moreover, as discussed in the graphical analysis in section 5.3, one also needs to consider
the further course of the response. Even if the effect of the policy shock was attenuated
on impact, the sticky-information assumption and the resulting hump-shaped behavior of

output would still allow to get amplification in subsequent periods.

Figure B.1: Impact of main model parameters on the propagation of monetary policy
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aggregate income X e Deing larger than the threshold condition 1= 4 §. Left graph: The lowest part
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of the distribution is not depicted because the threshold condition is exploding for very small values of w.

Another parameter that determines the propagation regions is 7, the inverse of the
Frisch elasticity of labor supply. As Figure B.2 shows, the higher its value, the lower
is the threshold between dampening and amplification along the distributions of both w
and 0. Thus, a more inelastic labor supply elasticity (i.e., a lower 1/n) compared to the
benchmark case in Figure B.1 implies that amplification becomes more likely to arise in
economies with even a low amount of hand-to-mouth households and a high degree of

information stickiness, respectively.
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Figure B.2: Impact of labor supply elasticity on the propagation of monetary policy
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0 = 0.18) or of the information stickiness parameter § (right graph; w = 0.31), given alternative values for
the inverse of the Frisch elasticity of labor supply. Left graph: The lowest part of the distribution is not
depicted because the threshold condition is exploding for very small values of w.

C Dependence of multiplier wedges on main parameters

The degree of asymmetry regarding the initial impact of monetary policy shocks on aggre-
gate consumption and output in the SI-TANK model is significantly influenced by the share
of hand-to-mouth agents (w) and the degree of information stickiness (1 — ). Assuming
conventional parameter values (see Table E.1), Figure C.1 shows how the wedge between
the ratios of different aggregate demand multipliers varies with these two parameters.

The ratios in question arise from Proposition 1. In particular, I define two wedges:

(i) Wedge from sticky information: 4)25%1( — Q(EI??NAﬁK >0

" st Porrank  Prank
(ii) Wedge from heterogeneity: Do AN — TN > ()

where @ is the aggregate demand multiplier on impact of a monetary policy shock. A
larger difference between any two fractions indicates a higher degree of asymmetry, which is
equivalent to a more pronounced inequality between the ratios in sub-propositions (I) and
(IT) of Proposition 1. As Figure C.1 shows, the differences increase in both w and 1 — §.
A higher share of hand-to-mouth households results in stronger amplification, whereby
the latter is relatively more influential in SI-TANK compared to TANK. Similarly, stickier
information translates into a more dampened output response in SI-TANK, but even more
attenuation in SI-RANK.
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Figure C.1: Impact of the main model parameters on the multiplier ratios
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D General analytical solution of lagged expectations

For the general solution of the expectation expressions, I only rule out future anticipated
shocks, but shocks in the past (i.e., before t) are considered. Using the forwarded AR(1)
process for the shock and the assumption that the innovation v has mean zero, one gets
E; (et4k) = plgat, Ei_1 (etyk) = p'§+15t_1, etc. More general, for any j > 0 and t = ¢+
with ¢ > 0,
Eyyicj (etrivn) = pitFeryisj .

An agent’s expectation at any point in time of current and future policy shocks is equal
to the product of the shock that the agent observed at the time he last updated and the
overall series of persistence coefficients since then. The latter accumulate over (t+1i+k) —
(t+i—j)=j+ k periods.

Summing over all k > 0,

o Jj
Ettri-j <Z 5t+i+k> = %@-ﬁ-i—j .
€

k=0

Combined with the IS curve yields, for all non-negative ¢,

o
Ct+i = Yt+i = —ﬁ wetyi + (1 —w)d Z(l - 5)]P§€t+i—j
£ .
7=0

Aggregate consumption and output are not anymore functions of expectation expressions
and future policy shocks shocks that are partly unknown, but only depend on current and

past shocks that were observed by an agent being in period t 4+ i. Spending after time ¢
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thereby reacts more with a larger persistence of the shock (higher p.), more hand-to-mouth

households (higher w), and stickier information (smaller §).

E Parameterization for the graphical analysis

Table E.1 shows the calibration of the model parameters used for the analysis in section
5.3. I take the baseline value for the information stickiness parameter from the estimates
for the United States in Mankiw and Reis (2007). The value implies that consumers
update their information on average about every 16 months.?> The baseline value for the
share of hand-to-mouth households, taken from Kaplan et al. (2014), is an average value
for the United States over the period 1989-2010. I assume a Calvo stickiness parameter
of 0.75, implying average price duration of four quarters. Labor supply elasticity is set to
one. Finally, the persistence of the policy shock is assumed to be 0.92, just as in Mankiw
and Reis (2006).

Table E.1: Calibration

Parameter Value Description

0 0.18, 1.0 Probability of updating information set
w 0, 0.31  Share of hand-to-mouth households

A 0.75 Probability of not resetting price

15} 0.99 Household discount factor

1/n 1 Frisch labor supply elasticity

Pe 0.92 Persistence of monetary policy shock

Note: Baseline values in bold.

F Sensitivity analysis for information stickiness

Information frictions are an important driver of the dynamic effects of a monetary policy
shock. Table F.1 lists different response measures for alternative values of the information
stickiness parameter 4. We can draw several conclusions from it. First and intuitively,
changes in J leave the impact, cumulative, and peak responses under full information all
unaffected. Second, more frequent information updating makes a larger fraction of savers
aware of the policy shock and thus implies higher values for all listed responses of the SI-
RANK and SI-TANK models. This result is also visible in Figure F.1. Third, an increase
in 0 also leads to earlier peaks of output in SI-RANK, while the period of the maximum
impact is less variable in SI-TANK due to the smaller group of households for which the
information frictions matter. The only exception is the case where savers are almost fully

inattentive to information (i.e., § = 0.01) and overall updating in the economy is very

25Reis (2009a, 2009b) confirms the relatively high inattentiveness to information of consumers. He
estimates 6 = 0.08 for the U.S. and § = 0.21 for the Euro area. A slightly more moderate value of § = 0.25
is found by Mankiw and Reis (2006), which indicates that consumers update their information on average
once a year.
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slow, which is why the peak occurs already on impact of the shock. See also Figure F.1.
Fourth, comparing the ratios between various responses implies that Proposition 1 not

only holds for initial aggregate consumption responses, but also at the cumulative level.

Table F.1: Impact of monetary policy on aggregate demand: sensitivity of dy-

namics
Full information Sticky information
RANK TANK RANK TANK
Response on impact 3.13 5.67 0.03 1.80
5 — 0.01 Cumulative response 33.10 60.10 2.90 22.27
‘ Peak response 3.13 5.67 0.14 1.80
Peak period 1 1 11 1
Response on impact 3.13 5.67 0.25 2.07
5= 008 Cumulative response 33.10 60.10 15.43 37.97
" | Peak response 3.13 5.67 0.85 2.23
Peak period 1 1 8 4
Response on impact 3.13 5.67 0.56 2.46
5 — 018 Cumulative response 33.10 60.10 22.98 47.42
| Peak response 3.13 5.67 1.43 3.04
Peak period 1 1 6 4
Response on impact 3.13 5.67 0.88 2.86
5 — 098 Cumulative response 33.10 60.10 26.56 51.91
" | Peak response 3.13 5.67 1.81 3.60
Peak period 1 1 5 4
Response on impact 3.13 5.67 0.88 2.86
5= 0.38 Cumulative response 33.10 60.10 28.65 54.52
" | Peak impact 3.13 5.67 2.07 4.01
Peak period 1 1 4 3

Notes: Effects of an unexpected interest rate cut in the current period on aggregate demand. The
table contains the responses both on impact and cumulated over time (ZZT:O By, where y; is the
response of aggregate demand in period ¢ and T = 1000), and the magnitude and period of the
peak impact.

43



Figure F.1: Dynamic response of output to monetary policy shock
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Notes: Impulse response function of output in the SI-TANK model to an expansionary monetary policy
shock of 25 basis points for alternative values of the information stickiness parameter 6. A lower value of
6 denotes a smaller probability of obtaining new information and thus more rigid information.
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