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1. Introduction

The success of monetary policy relies on how effectively the central bank’s communication and
policy implementation affect the expectations of economic agents. Forward guidance policy, for
example, is designed to work through economic agents’ expectations at the zero lower bounds when
standard policy instruments are constrained. However, recent empirical studies find that the Federal
Reserve’s communication about monetary policy has little effect on the inflation expectations of
households (e.g., Lamla and Vinogradov 2019; Coibion et al. 2022; D’ Acunto et al. 2022). Moreover,
households in low-inflation countries even report that they are largely unaware of monetary policy
announcements and the role of the central bank (e.g., Coibion et al. 2018). This evidence suggests
that the widely believed premise that household inflation expectations serve as one of the key
transmission mechanisms in monetary models is not empirically well-grounded. This possibility
questions the validity of common practice in theory and policy: the expectation-driven propagation
of monetary policy shocks in macroeconomic models. In this context, it is crucial to revisit the
premise that has been the backbone of the macroeconomic literature and policy.

Does monetary policy have meaningful effects on households’ expectations? We answer this
question empirically by establishing stylized facts about the responsiveness of households’ expecta-
tions to monetary policy based upon individual-level data from the University of Michigan Surveys
of Consumers (MSC). We focus on homeownership as the key contributor to attention heterogeneity,
which determines the degree to which monetary policy affects households’ expectations. To the
best of our knowledge, none of the previous studies have investigated the responsiveness of house-
holds’ expectations to monetary policy with a particular focus on homeownership based upon the
individual-level data in the U.S.! This paper is the first one that provides empirical answers to this
important question and builds a novel structural model of endogenous attention and heterogeneous
households that characterizes the mechanism driving the empirical findings.

Why is homeownership important? Housing asset provides an incentive for households to
actively acquire information on changes in interest rates owing to mortgage payments or refinancing

opportunities. Meanwhile, such factors are not of immediate interest for the household finance of

IThe recent literature (e.g., Weber et al., 2022) documents the importance of economic agents’ heterogeneity in
expectation formation and the implications for monetary policy. However, none of the previous studies have examined
the role of homeownership in the heterogeneous responsiveness of households’ expectations to monetary policy shocks.
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renters, and hence renters have less incentive to pay attention to news on interest-rate changes. This
suggests that homeownership could be a primary determinant of information acquisition. As a result,
homeowners will pay close attention to mortgage rates and adjust their macroeconomic expectations
more responsively to monetary policy shocks than renters. The microdata from the MSC supports
this hypothesis. Specifically, homeowners lower their one-year-ahead inflation expectations in
response to a rise in 30-year mortgage rates, while renters are less likely to do so. This relationship,
however, is not observed in the five-year ahead inflation expectations on average. The effects on
longer-run inflation expectations are only salient in times of mortgage rate declines.

Notably, in response to a rise in mortgage rates, homeowners also reduce their optimism about
labor market conditions more than renters do. In other words, homeowners lower their near-term
inflation expectations and labor-market outlook facing an increase in mortgage rates. Furthermore,
we show that homeowners respond similarly to forward guidance shocks, which have the strongest
pass-through to 30-year mortgage rates among monetary policy tools.” This empirical evidence
suggests that homeowners are attentive to the evolution of mortgage rates and adjust their economic
outlook in a way that is consistent with the intended outcome of monetary policy.

The heterogeneous responses in expectations by homeownership status suggest that mortgage-
holding is a potentially important transmission channel. Homeowners with mortgages likely
have a strong incentive to pay attention to mortgage rate changes especially when seeking an
opportunity to refinance. The refinancing motive is likely strong in times of declining mortgage
rates. Since the MSC does not have information on mortgage status, we test the mortgage channel
by exploiting the variations in refinancing motives. Consistent with the conjecture that homeowners
have a stronger motive to pay attention when mortgage rate declines, we find that the sensitivity
of homeowners’ revisions in short-term inflation expectations is greater during those periods.
Moreover, the sensitivity of individuals’ inflation expectation revision also increases with the
state-level intensity of refinancing activities.

We further provide direct corroborating evidence on the importance of the mortgage channel

from several additional sources. Using data from the Federal Reserve Bank of New York’s Survey

2Qur evidence suggests that conditional on a demand shock like monetary policy shock, inflation expectations, and
the labor market outlook are positively correlated. This finding, however, does not contradict the observation in Kamdar
(2019) that unconditional expectations of inflation and labor markets are negatively correlated as if the associations
reflected the consequence of a supply shock.
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of Consumer Expectations (SCE), we analyze heterogeneity in responsiveness to mortgage rate
changes. We find that homeowners, particularly those with mortgages, are significantly more
sensitive to mortgage rate changes, due to the potential financial benefits of refinancing among other
reasons.> This heightened awareness is mirrored in their understanding of monetary policy effects,
as we illustrate using the Bank of England’s surveys. To further support these findings, we develop a
novel attentiveness indicator from the MSC and employ time-use data from the American Time Use
Survey (ATUS) to show that homeowners spend more time on finance-related activities, enhancing
their exposure to economic information. In short, evidence from additional sources reinforces
our main hypothesis that the mortgage-holding channel plays an essential role in attentiveness to
macroeconomic conditions.

The main finding seems to be inconsistent with the recent evidence based on surveys and
experiments that points to little effect of monetary policy on economic agents’ expectations forma-
tion (e.g., Coibion et al. 2018, 2022; Lamla and Vinogradov 2019; D’ Acunto et al. 2022). These
studies show that households do not have a good understanding of monetary policy or the central
bank’s communication about the future policy path. Nonetheless, these findings do not necessarily
contradict our empirical results. Though households may not know concepts like “Federal Reserve”,
“monetary policy”, and “inflation target”, they may have a solid understanding of the effect of
interest-rate changes on their household finances and the overall economy. Households may have
learned about it from their own experiences or conversations with people that they interact with such
as loan officers. In other words, even if households have little knowledge of monetary policy, our
findings suggest that some households have strong incentives to pay attention to changes in interest
rates and revise their expectations accordingly. In this regard, we identify a novel mechanism for
the heterogeneous transmission of monetary policy based on homeownership status.

Based on the empirical evidence, we develop a novel general equilibrium model with rationally
inattentive renters and homeowners with mortgages. Our novel empirical findings are employed to

discipline the structural model and serve as the foundation for quantitative analysis on the transmis-

3Relatedly, according to the special survey of SCE designed by Pfajfar and Winkler (2024), homeowners are
more likely to check mortgage rates and do so more frequently compared to renters. However, this difference is not
statistically significant when considering attention to the federal funds rate and news related to the Federal Reserve.
This finding provides independent corroborating evidence for our main claim and helps reconcile discrepancies between
our study and prior findings as we discuss later.
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sion of forward guidance shocks. The purpose of this analysis is to characterize the mortgage-holding
channel that serves as the key mechanism driving heterogeneous responses of homeowners and
renters to monetary policy shocks. As homeowners endogenously pay more attention to mortgage-
rate changes, they are better informed about interest rate changes and macroeconomic conditions.
As aresult, in response to an expansionary forward guidance shock, homeowners raise their con-
sumption more than renters do when they re-optimize their consumption accordingly. This structural
model sheds light on endogenous attention as the key mechanism behind our compelling empirical
evidence. The model is flexible and versatile enough for us to analyze the consequence of secular
changes in homeownership on the effectiveness of monetary policy and also the interacting effects
of monetary policy and macroprudential policy targeting the housing market. All these analyses are
entirely new in the literature.

This paper contributes to multiple strands of research.The first is growing literature on the
effectiveness of monetary policy on economic agents’ expectations (e.g., Coibion et al. 2022;
D’Acunto et al. 2022). Recent studies have found scant evidence for the effectiveness of the Fed’s
communication or monetary policy on economic agents’ expectations, though some studies (e.g.,
Hoffmann et al., 2021; Kryvtsov and Petersen, 2021) reach a different conclusion.* Different from
the previous literature, we show that homeownership and mortgage holdings are crucial drivers of
households’ heterogeneity in attention and expectations. In this context, our research also speaks to
the literature on the role of household heterogeneity in the transmission of monetary policy.’

Second, this paper contributes to research on expectation formation (e.g., Carroll 2003; Coibion
and Gorodnichenko 2015b). Studies have focused on the role of economic developments or
individual attributes in the expectation of economic agents (e.g., D’ Acunto et al. 2023; Pedemonte
et al. 2023). We emphasize that this paper links the aforementioned literature by uncovering the
importance of homeownership and mortgage holdings in households’ expectation formation and the
transmission of monetary policy.

Our unique contributions include 1) providing empirical evidence on the importance of house-

hold heterogeneity in monetary policy transmission mechanism through inflation expectations, and

4Coibion et al. (2023) study the effect of forward guidance on consumers’ expectations and find that information
treatment about mortgage rate has strong effects on the treatment group’s expectations on nominal rate expectations
while it has little effect on their inflation expectations relative to the control group.

>See, for example, McKay et al. (2016), Cloyne et al. (2019), Bilbiie (2020), and Nord (2022) among others.

4
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2) building an endogenous information acquisition model to explain this homeownership-driven
heterogeneous attention motive and its consequences. This paper is closest to Claus and Nguyen
(2020) but different for two primary reasons. First, we focus on households in the U.S., different
from their focus—Australian households. Second, Claus and Nguyen do not consider how home-
ownership determines the sensitivity of inflation expectations to monetary policy shocks, which is
the main focus of our paper.

The paper is composed of 7 sections. Section 2 introduces the data, and section 3 presents the
empirical analyses. Section 4 explores the mechanism behind our main findings. Section 5 develops
a model of rational inattentive households disciplined by our empirical findings. Section 6 discusses

model mechanisms and performs sensitivity analyses. Section 7 concludes.

2. Data

This section describes the survey data and monetary policy shocks used in this paper. Our main
analysis relies on household expectations from the Michigan Survey of Consumers (henceforth
MSC). We offer corroborating evidence on households’ attention heterogeneity using a rich set of

additional surveys. For monetary policy shocks, we adopt the measure from Swanson (2021).

2.1. Measuring of household expectations

The MSC questionnaires are designed to track consumer attitudes and expectations. The
survey has been conducted by telephone monthly since 1978 and constitutes a sample of over 500
households representative of the U.S. population. It contains demographic information such as
respondents’ education level, age, and household income. In 1990, the MSC started collecting
information about respondents’ homeownership, home value, and home price expectations. The
MSC does not track all individual households over time. About 40% of the households who were
interviewed six months ago are re-contacted. In our study, we focus on the post-1990 sample to
exploit the information on homeownership and the repeated sample feature of the survey. Hence,
the sample period of the main empirical analyses ranges from 1990:M1 through 2020:M12. The
homeownership rate is about 75% in our sample.

We supplement our main analysis using several additional surveys to evaluate the transmission

mechanisms. We now briefly summarize the surveys and will provide more detailed information
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on each dataset in our subsequent analysis. First, the Federal Reserve Bank of New York has
implemented the Survey of Consumer Expectations (henceforth, SCE) since 2013. This survey has
a special module on housing which provides more detailed information on consumers’ mortgage
holding status, as well as their housing and mortgage market expectations. Second, the Bank of
England has implemented the Survey of Inflation Attitudes since 2001. This survey includes special
questions on the public’s opinions and awareness of the central bank’s work, and its relation to
inflation. Third, the Federal Reserve Bank of Cleveland has implemented a survey starting in 2021
that indirectly measures consumer inflation expectations at a weekly frequency (henceforth, ICIE).
Fourth, the American Time Use Survey contains information on individuals’ time spent on various
daily activities. We use this information to validate the attention allocation heterogeneity across

homeowners and renters. Lastly, we use McDash data to measure state-level refinancing intensity.

2.2. Monetary policy shocks and mortgage rate pass-through

We adopt measures of monetary policy shocks constructed by Swanson (2021). Three orthogonal
factors of FOMC announcements capture changes in federal funds rate, forward guidance, and large
scale asset purchases (LSAPs), respectively. We first analyze the pass-through of these shocks to

the 30-year mortgage rate by considering the following specification at weekly frequency:

3

AR; = o+ 0.009 FedFunds;+ 0.02% ForwardGuidance;+ ?.027) LSAP; + (5]-ARt,j +€, (1)
.008 0.017 =

(0.009) (0

]

where the dependent variable AR; is a change in the 30-year mortgage rate over week t. The weekly
monetary policy shocks are the estimated shocks around an FOMC meeting, if the meeting falls in
week £, but are set to zero, otherwise. We control for three lags of changes in the mortgage rate as
in Hamilton (2008).

The coefficients reported in Equation (1) measure the responsiveness of the mortgage rate to the
three factors of monetary policy shocks. Newey-West standard errors are reported in the parenthesis.
Both forward guidance and LSAP shocks have statistically significant pass-through to the mortgage
rate. Given that forward guidance was active during the entire sample period while LSAP was
adopted only after the Great Recession, we focus on the pass-through of forward guidance shock in
our following analysis. Specifically, we aggregate forward guidance shocks to monthly frequency
and normalize it to have the same standard deviation as AR%VI"” for interpretability in our subsequent

analysis. We will use Aﬁt,pc to denote forward guidance shocks hereafter.

6
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3. Empirical investigation

We discuss our empirical strategies and provide evidence of the heterogeneous effects of
monetary policy on homeowners’ and renters’ expectations through mortgage rate changes. Section
3.1 analyzes the effect of mortgage rate changes on the inflation expectations of homeowners and
renters. Section 3.2 conducts similar analyses for households’ labor market outlooks. Section 3.3

examines the responsiveness of interest-rate expectations.

3.1. Effects of mortgage-rate changes on households’ inflation expectations
This section investigates how much homeowners and renters revise their inflation expectations
in response to mortgage rate changes. For this empirical analysis, we employ the following model

specification:

Eff;yg — Ez;yr = & + B1 homeowner; X ARy + Bo renter; X ARy + vZ; + 6Xi ¢ + €i4, 2)
where Ezt_y " is respondent i’s h-year-ahead inflation expectation for # = 1,5 at time ¢ from the
MSC; homeowner; and renter; are dummies for homeowner and renter, respectively; AR; is a
change in 30-year mortgage rates during the past six months or changes in 30-year mortgage rate
predicted by forward guidance shocks, and X;; are controls for the respondent’s demographic
characteristics which include gender, education, birth cohort, homeownership, marriage status,
region, and income quartiles, as well as the respondent’s revisions in gas price expectations. We
control for other macroeconomic conditions by including the changes in the unemployment rate and
federal funds rate during the past six months as explanatory variables Z;.6

This specification is based on the model by Coibion and Gorodnichenko (2015b) that analyzes
the effect of oil price changes on inflation expectations, but there are a few differences. First, our
model captures the different sensitivities of homeowners and renters to a change in interest rates.
We control for households’ revisions in gas price expectations to capture the confounding effects of
oil price changes on household expectations. Second, we use a past change in interest rates to reflect
the delayed effect of monetary policy due, for instance, to information rigidity, while Coibion and
Gorodnichenko (2015b) consider a change in oil prices in the current period. Third, we explicitly

control for additional observable individual characteristics.

%We consider mortgage rate changes over different horizons as robustness checks. In Appendix Table A.1, we show
that our results are robust when we employ mortgage rate changes over the past three or nine months.

7
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Table 1: Sensitivity of revisions in homeowners and renters’ inflation expectations to changes in mortgage rates

1-year ahead inflation expectations 5-year ahead inflation expectations

Interactions (1) AR; (2) AR rg (3) AR; (4) AR g
Homeowner (B1) -0.6852*** -0.7485"** -0.0816 -0.0060

(0.1035) (0.1017) (0.0713) (0.0703)
Renter (B) -0.2257 -0.2292 -0.1254 0.0125

(0.1954) (0.1914) (0.1458) (0.1456)
Number of obs. 21,338 20,722 20,455 20,455
Adj. R? 0.0386 0.0398 0.0194 0.0193
F-test (81 = B2) 4.44%* 5.86"* 0.07 0.01

Notes: This table reports the regression results from Equation (2). Dependent variables are the six-month change in the MSC’s
12-month ahead inflation expectations (Columns (1) and (2)) and the six-month change in the MSC’s 5-year ahead inflation
expectations (Columns (3) and (4)). "Homeowner" and "Renter" indicate dummies for homeowner and renter respectively.
Columns (1) and (3) report responses to changes in 30-year mortgage rate; Columns (2) and (4) report responses to forward
guidance shocks. We control for the respondent’s gender, education, birth cohort, homeownership, marriage status, region,
income quartiles, and respondent’s revisions in gas price expectations, as well as changes in the unemployment rate and federal
funds rate during the past six months. Robust standard errors are reported in the parenthesis. ***, **, * denotes statistical
significance at 1%, 5%, and 10% levels respectively.

Columns (1) of Table 1 reports the estimation results for inflation expectations in the next 12
months from the MSC. The coefficient on homeowner; is negative and statistically significant, while
that on renter; is not. The F-test rejects the null hypothesis of these two coefficients being equal at a
5% significance level. This result suggests that homeowners take signals from changes in mortgage
rates when projecting inflation a year ahead, while renters are less likely to do so. Homeowners
likely make regular mortgage payments and consider refinancing their home loans. Therefore,
homeowners may pay closer attention to the evolution of mortgage rates than renters do, because a
change in mortgage rates likely has a direct effect on their household finances. This observation
indicates that households do adjust their inflation expectations to interest rate changes to which they
pay attention. We empirically test and verify this heterogeneous attention motive in Section 4.

Unlike the estimation results from one-year-ahead inflation expectations, households’ five-
year-ahead inflation expectations do not seem to respond to interest rate changes, regardless of
homeownership status. As shown in Column (3) of Table 1, the coefficients on interest rate changes
are close to zero and not statistically significant. Overall, households are less likely to change their

long-run inflation expectations in response to a change in interest rates.’

"We show in Section 4.3 that homeowners revise lower their 5-year ahead inflation expectations with statistical
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We next analyze how responsive households’ inflation expectations are to monetary policy
shocks by replacing AR; in Equation (2) with forward guidance shock Aﬁt,pc. The estimation
results for households’ inflation expectations is reported in Columns (2) and (4) Table 1. Column
(2) shows that in the MSC, homeowners do strongly react to forward guidance shocks when revising
short-term inflation expectations, while renters do not. This difference in responses is statistically
significant at a 5% significance level. Consistent with the baseline result, none of the coefficients are
statistically significant in predicting five-year-ahead inflation expectations (Column 4), suggesting

that households’ long-run inflation expectations are not responsive to news on monetary policy.

3.2. Effects of mortgage-rate changes on labor market outlooks

We investigate how interest rate changes affect households’ expectations of labor market condi-
tions. Suppose an interest rate increase also has negative effects on households’ job market outlook.
In that case, we can interpret that the interest rate change influences households’ expectations in a
way similar to a contractionary monetary policy and may reflect a consequence of monetary policy.

The main challenge in this analysis, however, is that expectations of labor market conditions
are captured by categorical responses, unlike inflation expectations. Since we are chiefly interested
in changes in expectations, we construct a binary variable that reflects the direction of expectation
revisions. This variable takes the value 1 if an individual’s unemployment outlook has “improved”,

and 0 otherwise.® We estimate the following linear regression model:
i+ = ag + B1 homeowner; X ARy + Bo renter; X ARy + yZy 46X + €iy, 3)

where Z; ; is a binary variable that takes the value 1 if individual 7’s unemployment outlook improved
from time ¢ to t 4+ 6. The regressors homeowner; and renter; are dummies for homeowner and
renter, respectively; AR; is a change in the mortgage rate or forward guidance shocks during the
past six months. We include the same set of household-level controls and aggregate variables as

Equation (2).

significance in response to a mortgage-rate cut. Effects of monetary policy on long-run inflation expectations have been
studied in the context of “re-anchoring of inflation expectations”, and there are different views about the effectiveness
(e.g., Breckenfelder et al., 2016; Ciccarelli et al., 2017). Unlike our approach, the previous literature studies the
consensus expectations data using time-series models. Nonetheless, our finding—null to small negative effects of
monetary policy on long-run inflation expectations, but larger negative effects on short-term inflation expectations—is
broadly in line with the finding of previous literature (e.g., Diegel and Nautz, 2021).

8 Appendix A.2 provides more details on the survey question and the construction of the variable.

9
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Table 2: Sensitivity of revisions in homeowners and renters’ unemployment outlook to changes in mortgage rates

Z (Unemployment outlook improves)

Interactions (1) AR; ) ARt,FG
Homeowner (f1) -0.0177** -0.0290***
(0.0077) (0.0077)
Renter () 0.0205 -0.0130
(0.0142) (0.0139)
Number of obs. 24,474 23,881
Adj. R? 0.0162 0.0168
F-test (81 = B2) 5.90** 1.08

Notes: This table reports the regression results from Equation (3). The dependent variable is a dummy that takes the value 1 if
an individual’s unemployment outlook improves over 6 months. “Homeowner” and “Renter” indicate dummies for homeowner
and renter respectively. AR; refers to the six-month change in interest rate. Columns (1) report responses to changes in 30-year
mortgage rate; Columns (2) report responses to forward guidance shocks. We control for the respondent’s gender, education,
birth cohort, homeownership, marriage status, region, income quartiles, and respondent’s revisions in gas price expectations, as
well as changes in the unemployment rate and federal funds rate during the past six months. Robust standard errors are reported
in the parenthesis. ***, **, * denotes statistical significance at 1%, 5%, and 10% levels respectively.

The coefficient estimates for unemployment outlook are reported in Table 2. Homeowners
become less likely to anticipate that the labor market conditions will improve with a rise in the
30-year mortgage rate, while renters do not. We find similar results with forward guidance shocks
as reported in the second column, even though the difference between homeowners and renters is
not statistically significant. As a robustness check, we employ a multivariate logit regression model

and reach the same conclusions. The results are reported in Appendix A.2.

3.3. Effects of mortgage-rate changes on interest rate expectations

We further examine the sensitivity of households’ expectations of future interest rates to a recent
interest-rate change as a channel through which the rate rise has contractionary effects on household
expectations. Responses to the question on interest-rate expectation are also a categorical variable.
Therefore, we employ Equation (3), but change the dependent variable accordingly.

We construct a binary variable that takes the value 1 if an individual expects interest rates to
increase over the next 12 months, and 0 otherwise.” Next, we estimate Equation (3) using this binary
variable as the dependent variable. The coefficient estimates for interest rates are reported in Table

3. When there is an increase in the interest rate, households are more likely to believe that interest

9 Appendix A.3 provides more details on the survey question and the construction of the variable.

10
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Table 3: Sensitivity of revisions in homeowners and renters’ interest rate expectations to changes in mortgage rates

7 (Interest rates go up)

Interactions (1) AR; 2) ARt,FG
Homeowner (f1) 0.1475%** 0.0708***
(0.0074) (0.0069)
Renter () 0.0621*** 0.0648***
(0.0097) (0.0157)
Number of obs. 24,496 23,898
Adj. R? 0.0551 0.0463
F-test (81 = B2) 59.14%** 0.10

Notes: This table reports the regression results from Equation (3). The dependent variable is a dummy that takes the value 1 if
interest rates are expected to go up. “Homeowner” and “Renter” indicate dummies for homeowner and renter respectively. ARy
refers to the six-month change in interest rate. Columns (1) report responses to changes in 30-year mortgage rate; Columns (2)
report responses to forward guidance shocks. We control for the respondent’s gender, education, birth cohort, homeownership,

marriage status, region, income quartiles, and respondent’s revisions in gas price expectations, as well as changes in the

unemployment rate and federal funds rate during the past six months. Robust standard errors are reported in the parenthesis. ***,

**, * denotes statistical significance at 1%, 5%, and 10% levels respectively.

rates will keep increasing in the future. In addition, the responsiveness of homeowners is larger
than that of renters with statistical significance. As a robustness check, we employ a multivariate
logit regression model and reach the same conclusions. The results are reported in Appendix A.3.

To summarize, homeowners adjust their short-run inflation expectations and labor market
outlook in response to mortgage rate changes and forward guidance shocks, while renters are less
likely to do so. Moreover, both homeowners and renters extrapolate interest rate changes. The
extrapolation is stronger among homeowners than renters, and the difference in responsiveness is
statistically significant for an increase in the mortgage rate. This channel of interest rate expectations

reinforces the contractionary effects of an interest rate rise on homeowners’ expectations.

4. Mechanisms

We explore the potential mechanisms in support of our main findings. Section 4.1 provides
evidence based on special modules of NY Fed SCE. Section 4.2 provides international evidence
based on surveys from the Bank of England. Section 4.3 examines the potential nonlinearity in
the main results and its implications. Section 4.4 exploits heterogeneities in state-level refinancing

activities. Section 4.5 summarizes additional survey-based evidence.

11
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4.1. Evidence from NY Fed Survey of Consumer Expectations

This section provides evidence from special modules of the SCE. First, we conduct an anal-
ysis based on the housing survey which focuses on households’ housing and mortgage market
expectations. This special module has been conducted every February since 2014. Second, we
briefly discuss evidence from a recent special module on how frequently households pay attention

to economic and financial news.

4.1.1. SCE Housing Survey

Distinguished from the MSC and the main SCE, the housing module has information about
households’ mortgage holding status, recent refinancing plans, and their perception and forecasts of
mortgage rates. Exploiting these features, we provide additional evidence that homeowners with
mortgages pay more attention to mortgage rate changes than outright homeowners. In addition,
households who recently refinanced their mortgages or have a plan to refinance their mortgage
in the next 12 months have even more accurate mortgage rate perceptions and forecasts than
other mortgage holders. This evidence supports our claim that mortgage holdings, refinancing
motive in particular, provide incentives for households’ attention to mortgage rates and general
macroeconomic conditions.'?

We examine to which extent mortgage holding and a near-term refinancing plan affect the
accuracy of current mortgage rate perceptions and future mortgage rate projections. The housing
module asks the survey respondents their perceived probability of mortgage refinancing in the next

12 months, and the data are available from 2014 to 2020. We consider the following regression:

FEf"/t =1 X I(owned outright);; + ay x I(owned mortgage); + a3 x I(refinanced last year); ;

+ ay X I(plan to refinance);; + Gy + 60Xt + €4,

where the dependent variable FE?t is the absolute deviation of h-period ahead mortgage-rate
projection relative to the realized values of the corresponding period for & =0 (current year),
1 (1-year ahead), and 3 (3-year ahead). The regressors of interests are four dummy variables,

where I(owned outright); ; takes the value 1 if the individual is a homeowner but does not have any

10 Appendix B.1 provides a more detailed description of the survey questionnaires. Specifically, Appendix Figure B.4
shows that homeowners with mortgages have the most accurate mortgage rate perceptions and forecasts in every wave
of surveys.
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Table 4: Mortgage rate forecast errors by homeownership status

Errors in 30-year fixed rate mortgage

(1) Perceptions (2) 1-year head (3) 3-year ahead

Owned outright (aq) -0.4027*** -0.4514*** -0.3701***
(0.0740) (0.0731) (0.0794)
Owned mortgage () -0.8042*** -0.7326*** -0.6827***
(0.0603) (0.0607) (0.0671)
Refinanced last year (a3) -0.0775* -0.1040*** -0.0566
(0.0459) (0.0566) (0.0559)
Plan to refinance (ay) -0.1291*** -0.1092*** -0.0674
(0.0400) (0.0453) (0.0788)
Year FE Y Y Y
Demographic FE Y Y Y
Number of obs. 7,446 7,404 7,315
Adj. R? 0.1265 0.1291 0.1173

Notes: This table reports the regression results from Equation (4.1.1). Dependent variables in Columns (1) - (3) are mortgage
rate perception errors, 1-year ahead forecast errors, and 3-year ahead forecast errors. The baseline is renters. “Owned outright”
and “Owned mortgage” indicate dummies for homeowners without or with mortgages respectively. We control for year and
demographic fixed effects. ***, **, * denotes statistical significance at 1%, 5%, and 10% levels respectively.

outstanding mortgages or home equity loans; I(owned mortgage); ; takes the value 1 if the individual
is a homeowner with mortgages or home equity loans; I(refinanced last year); ; equals one if the
individual refinanced during the last year; I(plan to refinance); ; equals one if the individual 7 has a
non-trivial probability of refinancing (greater than 20 percent) in the next 12 months.

The baseline of this regression is renters. We control for year fixed effects (¢;) and other
demographic fixed effects (X;;) including age, education, income, numeracy, and region. We
consider three age groups (younger than 40, 40-60, and 61 and over); three education groups
(high-school graduation; some college and associate degree; college graduation or higher); three
income groups (<50K; 50-100K; 100K+).

Table 4 shows that homeowners with mortgages or other home equity loans have the most
accurate mortgage perceptions or forecasts over all horizons, followed by homeowners without any
home loans. Overall, homeowners have better knowledge of mortgage rates compared to renters.
Moreover, among mortgage holders, those who refinanced during the past year or plan to refinance
in the next 12 months have even better mortgage perceptions or 1-year ahead forecasts.

To sum up, we interpret the accuracy of households’ perception and prediction of mortgage
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rates as reflecting the degree of attention to mortgage rates. Our evidence from the SCE housing

module strongly supports the mortgage channel in explaining attention heterogeneity.

4.1.2. SCE Special Module on households’ attention to macroeconomic news

The SCE special module captures how frequently households pay attention to economic and
financial news. This one-time special survey is designed by Pfajfar and Winkler (2024) and
conducted by the Federal Reserve Bank of New York in June 2023.!! The special module allows us
to directly observe how frequently an individual checks macroeconomic news and to analyze the
extent to which homeownership and mortgage holdings affect households’ attention to interest rate
changes.!?

According to the survey, homeowners are more likely to check mortgage rates than renters
and also check mortgage rates more frequently than renters do. This result is primarily driven by
homeowners with mortgages, while outright homeowners’ attention to mortgage rates is not as
strong. Notably, the difference between homeowners and renters is not statistically significant for
federal funds rate and news on the Federal Reserve. Homeownership and mortgage holdings are
important factors in households’ attention to mortgage rates.

Furthermore, homeownership and attention to bond yields reduce the difference in inflation
forecasts from those of professional forecasters. Considering professional forecasters are better
informed on macroeconomic conditions and hence produce more accurate inflation, the reduction in
forecast differentials between the two groups implies homeownership helps households to be better
informed of macroeconomic conditions. Again, attention to federal funds rate and news on the
Federal Reserve does not have statistically significant effects on reducing the forecast differentials
between households and professional forecasters.

All told, relative to renters homeowners are more likely to be better informed of macroeconomic
conditions and to have an information set closer to that of professional forecasters through their

attention to mortgage rates and interest rates related to homeownership.

" The description of the special module is from Pfajfar and Winkler (2024), and the associated empirical evidence is
from the companion paper, Ahn et al. (2024). We provide the summary of main findings from Ahn et al. (2024) that
serves as the corroborating evidence for our main claim. See Appendix B.2 for details on the survey.

I2Relative to the MSC, one caveat of the special module is that the survey was conducted only in June 2023, and
hence the survey does not allow us to evaluate revisions of households’ macroeconomic expectations in response to
forward guidance shocks or mortgage rate changes.
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4.2. Evidence from Bank of England Survey of Inflation Attitudes

As additional corroborating evidence, we now look at households in the U.K.— a country
with a mortgage structure similar to the United States. We show that, like US homeowners,
UK homeowners are more likely to understand the intended consequences of monetary policy.
British households primarily use fixed-rate mortgages or variable-rate mortgages. Unlike fixed-
rate mortgages in the U.S. that fix the interest rate until maturity, fixed-rate mortgages in the UK
typically only fix the interest rate for the first 2 or 5 years and start floating afterward. Therefore, UK
homeowners have similar, if not stronger, incentives to pay attention to mortgage rates compared to
US homeowners.

The Bank of England has been running a quarterly survey to assess public attitudes toward
inflation, and opinions and awareness about the central bank’s work since 2001. The survey
includes questions on (1) inflation perceptions and expectations; (2) knowledge of interest rates;
and is occasionally supplemented with questions on (3) the relationship between interest rates and
price changes. The survey includes basic demographic information of the respondents including
homeownership and mortgage holdings.

Specifically, we analyze three questions that provide a qualitative but direct assessment of
respondents’ knowledge of the causal relationship between interest rate changes and inflation
dynamics. Figure 1 reports responses to these questions. Panel A summarizes responses to the
question on “How important is the current level of interest rates in your expectations about price
changes?”. The results show that homeowners, especially mortgage-payers, are more likely to form
inflation expectations based on current interest rates. Next, we analyze to what extent respondents
agree with the statement that “rising interest rates make prices rise more slowly in the short or
medium term”. The results on short and medium terms are summarized in Panel B and C respectively.
We find that homeowners, especially mortgage-payers, are more likely to agree that rising interest
rates make prices rise more slowly in both the short and medium runs. In other words, like US
homeowners, UK homeowners are more likely to understand the intended consequences of monetary

policy, i.e., interest rate increases will lower inflation.
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Figure 1: BOE’s Inflation Attitudes Survey

Panel A: Importance of interest rates in price expectations

Owned outright
Owned mortgage D
Renters
) T T T T T
0 20 40 60 80 100

N Very I Fairly BB Not very HEE Notatall L ] DK

Panel B: Rising interest rates make prices rise more slowly in the short term

Owned outright
Owned mortgage |:|
Renters
r T T T T T
0 20 40 60 80 100

I strongly agree [ agree [ neither
I strongly disagree [ disagree [ | don't know

Panel C: Rising interest rates make prices rise more slowly in the medium term

Owned outright |:|
Owned mortgage

F T T T T

T
0 20 40 60 80 100

I strongly agree [ agree [ neither
I strongly disagree I disagree [ | don't know

Notes: Panel A documents responses to the question, “How important is the current level of interest rates in your
expectations about price changes?” Panel B documents responses to the question, “How strongly do you agree or
disagree: Rising interest rates make prices rise more slowly in the short term?” Panel C documents responses to
the question, “How strongly do you agree or disagree: Rising interest rates make prices rise more slowly in the
medium term?”

Source: Bank of England Inflation Attitudes Survey.

s 4.3. Asymmetric effects of mortgage-rate changes on household expectations

346 This section examines the asymmetric effects of mortgage rate changes on households’ inflation

a7 expectations. Homeowners with mortgages may seek opportunities to refinance their mortgages
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with lower rates. Therefore, homeowners have more incentive to pay attention to mortgage-rate
declines. Given that MSC does not contain information on mortgage status, we investigate the
mortgage-holding channel through refinancing motive, which could lead to an asymmetric response
of inflation expectations to mortgage-rage changes. Specifically, we expect larger sensitivity during
mortgage rate declines than periods of mortgage rate rises.

We consider the following specification which is a variant of Equation (2) in order to separate

the effects of increases and decreases in mortgage rates:

h— h— —
Ei,H_yg —E, " =a + B1 homeowner; x AR; x I;" + B homeowner; x AR; x I

+ B3 renter; X AR; X ;" + Barenter; X ARy X I} +yZ; +6Xi s + €y,
where I;r (I;") is a dummy variable indicating an increase (decrease) in the mortgage rate. For
ARy, we consider a change in 30-year mortgage (AR?/IO” ) and forward guidance shocks. The larger
negative and statistically significant coefficient on homeowner X I, than that on homeowner X I;“
suggests the refinancing motive of homeowners is in effect. We estimate this model with the
MSC data including the same set of household-level controls and aggregate variables as our main
empirical specification.

Table 5 reports the estimation result.'> Overall, the estimation result supports the refinancing
motive as an important factor driving the sensitivity of homeowners’ inflation expectations to
mortgage-rate changes. Homeowners’ short-term inflation expectations respond to mortgage rate
declines with statistical significance, while the coefficient’s statistical significance disappears with
mortgage rate increases (Column 1). The F-test rejects the null hypothesis that homeowners’
responses to the increase or decrease in mortgage rates are the same at a 5% significance level.
Asymmetric responses are also observed for long-term inflation expectations (Column 3). We reach
similar conclusions when we look at forward guidance shocks (Columns 2 and 4). However, renters’
inflation expectations are quite different. They do not respond to either increase or decrease in
mortgage rates with statistical differences.

The observed asymmetric sensitivity of homeowners’ inflation expectations to a change in

mortgage rates and monetary policy offers new insight into the effectiveness of monetary policy—

130ur baseline results are based on mortgage rate increases or decreases over the past six months. We consider
mortgage rate changes over different horizons as robustness checks. In Appendix Table A.2, we show that our results
are robust when we employ mortgage rate changes over the past three or nine months.
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Table 5: Asymmetric effects of mortgage-rate changes

1-year ahead inflation expectations S-year ahead inflation expectations
Interactions (1) AR; (2) AR; r (3) AR; 4) AR; r
Homeowner X I;r (B1) -0.2971 -0.6880*** 0.1398 0.1258
(0.1868) (0.1524) (0.1412) (0.1054)
Renter x If (B2) -0.0379 0.0167 0.1648 0.1551
(0.3431) (0.2830) (0.2810) (0.2218)
HomeownerxI,” (B3) -1.0020*** -0.8057*** -0.2669** -0.1138
(0.2024) (0.14006) (0.1268) (0.0926)
Renter<I;” (Ba) -0.4264 -0.4219 -0.4104 -0.1109
(0.4293) (0.2614) (0.2994) (0.1949)
Number of obs. 21,338 20,772 20,731 20,455
Adj. R? 0.0388 0.0397 0.0190 0.0194
F-test (B1 = B3) 4.46** 0.31 3.19% 2.98*

Notes: This table reports the regression results from Equation (4.3). Dependent variables are the six-month change in the MSC'’s
12-month ahead inflation expectations (Columns (1) and (2)) and the six-month change in the MSC’s 5-year ahead inflation
expectations (Columns (3) and (4)). “Homeowner” and “Renter” indicate dummies for homeowner and renter respectively. If
and I;” indicate dummies for periods of increase and decrease in 30-year mortgage rates respectively. Columns (1) and (3)
report responses to changes in 30-year mortgage rate; Columns (2) and (4) report responses to forward guidance shocks. We
control for the respondent’s gender, education, birth cohort, homeownership, marriage status, region, income quartiles, and
respondent’s revisions in gas price expectations, as well as unemployment rate and federal funds rate changes during the past six
months. Robust standard errors are reported in the parenthesis. ***, **, * denotes statistical significance at 1%, 5%, and 10%
levels respectively.

b

the mortgage channel may be a key driver of unequal effects of monetary policy on households

expectations.

4.4. State-level refinancing activities

In this section, we provide further evidence that households in states with more intensive
refinancing activities are more responsive to monetary policy shocks in their expectation revisions.
To this end, we combine data on state-level mortgage refinances and outstanding loans from McDash
with MSC. We use the McDash data from 2006 since the coverage of state-level refinance data has
improved significantly from the mid-2000s.

We first construct the variable of refinancing intensity as the ratio of mortgage-refinance counts
to total loans outstanding for each state for each month. Unfortunately, we do not observe whether
a household owns mortgages or not in MSC, so we use the state-level variations as a proxy for

individual propensity for refinancing. We consider the following model:

Ez;yg — Ez;yr = a + B1 AR; + BoA refinance; , + B3 Arefinance; X ARy + yZi + 60X +€i,  (4)
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Table 6: Sensitivity of revisions in households’ inflation expectations to changes in mortgage rates and the state-level
refinance intensity

1-year ahead inflation expectations 5-year ahead inflation expectations

Coefficient (1) AR; (2) ARy rg (3) AR; 4) AR} rg
B1 -0.5832*** -0.5509*** -0.0701 0.0185

(0.1057) (0.0924) (0.0750) (0.0663)
B2 -0.4913 0.6472* 0.0974 0.3846

(0.3982) (0.3650) (0.2907) (0.2573)
B3 -3.5158*** -1.5239** -1.3508*** -0.7265

(0.7128) (0.7686) (0.4954) (0.5208)
Number of obs. 20,344 20,344 20,048 20,048
Adj. R? 0.0424 0.0415 0.0200 0.0196

Notes: This table reports the regression results from Equation (4). Dependent variables are the six-month change in the MSC’s
12-month ahead inflation expectations (Columns (1) and (2)) and the six-month change in the MSC’s 5-year ahead inflation
expectations (Columns (3) and (4)). Columns (1) and (3) report responses to changes in 30-year mortgage rate; Columns (2) and
(4) report responses to forward guidance shocks. We control for the respondent’s gender, education, birth cohort, homeownership,
marriage status, region, income quartiles, and respondent’s revisions in gas price expectations, as well as unemployment rate and
federal funds rate changes during the past six months. Robust standard errors are reported in the parenthesis. ***, **, * denotes
statistical significance at 1%, 5%, and 10% levels respectively.

Source: MSC, McDash and authors’ calculation.

where EZ;‘V "is respondent i’s h-year-ahead inflation expectation for & = 1,5 at time ¢ from the
MSC; refinance; ; captures the refinancing intensity of the state where individual 7 resides at time ¢;
ARy is a change in 30-year mortgage rates during the past six months or forward guidance shocks.
We include the same set of controls, X;; and Z;, as our baseline specification, Equation (2).

Table 6 reports the estimation results. The coefficient B3, capturing the interacting effects of
monetary policy and refinancing intensity, is statistically significant in the short-term inflation
expectations (Columns 1 and 2). In the states where the refinancing activity increases, households
take a stronger signal about monetary policy from mortgage rate changes when revising their
short-term inflation expectations. The additional effects of mortgage-rate changes likely come from
homeowners, since homeowners carry mortgages and refinance their home loans.'* For the long-run
expectations, the coefficients of mortgage rate changes (1) are not statistically significant with both
mortgage-rate changes (Columns 3 and 4). The interacting effects captured by 3 are also negative,

though smaller in magnitude and weaker in statistical significance relative to the short-term inflation

4Increased refinance activity may further motivate renters to pay attention to mortgage rates and housing markets,
potentially raising the overall mortgage-rate sensitivity to households’ inflation expectations.
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expectations. As shown in Column (3), the statistical significance of B3 survives only for the model
with mortgage-rate changes.

To summarize, the effects of monetary policy reflected on mortgage rate changes are larger
in a state with higher refinancing intensity. This evidence again supports our conclusion that
mortgage-holding is an important channel through which households pay attention to monetary

policy and macroeconomic conditions when forming their inflation expectations.

4.5. Additional survey-based evidence

We provide further corroborating evidence on the attention heterogeneity between homeowners
and renters. First, in Appendix B.3, we show that homeowners pay more attention to news on interest
rates when assessing the overall macroeconomic conditions. For this, we construct a new indicator
of attentiveness based on the microdata from the MSC. According to the indicator, homeowners pay
more attention to news on interest rates than renters do.

Second, in Appendix B.4, we use the American Time Use Survey (ATUS) to show that home-
owners spend more time on finance-related activities that likely expose them to information on
interest rates and macroeconomic conditions. Time spent on particular activities during a day can
be interpreted as an individual’s effort or attention to such activities. In this context, time spent on
finance-related activities— such as checking financial markets and researching investments— serves
as a measure of households’ attentiveness to financial markets and macroeconomic developments.
In sum, our main finding is also supported by the ATUS- the microdata independent of the MSC,
confirming the main conclusion and the key mechanism.

Third, in Appendix B.5, we examine the inflation forecast accuracy of different age groups
from ICIE. We find that consumers in the age group that are most likely to be homeowners with
mortgages have the most accurate inflation perceptions and forecasts, suggesting that they likely

pay more attention to inflation than others.

5. A general equilibrium model with rationally inattentive homeowners and renters

In this section, we develop a general equilibrium model featuring rationally inattentive home-
owners and renters. The model is disciplined using the novel empirical evidence of Section 3 and

serves as the foundation for quantitative analysis on the transmission of forward guidance shocks.
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Our primary focus in this analysis is twofold: first, we investigate how rational inattention induces
heterogeneous responses in expectations among homeowners and renters following a forward
guidance shock; second, we explore the policy and welfare implications of attention heterogeneity
within the model framework. Specifically, we examine the consumption responses of homeowners
and renters to a forward guidance shock and quantify the welfare costs associated with such shocks

in an economy with rationally inattentive agents.

5.1. Environment

Our model extends the framework of the New Keynesian model with mortgage markets as
developed in Garriga et al. (2021) by introducing rationally inattentive homeowners and renters,
who optimally choose their attention levels considering the associated cost. The rational inattention
aspect of our model draws from Mackowiak and Wiederholt (2023) and Afrouzi and Yang (2021).
Within this economy, we consider three types of households (homeowners, renters, and mortgage
lenders), alongside construction and non-construction firms. The central bank implements monetary
policy by setting the nominal interest rate according to a standard Taylor rule.

Our primary focus in this model is to explore heterogeneous attention dynamics among home-
owners and renters. To simplify our analysis, we assume that only homeowners and renters face
attention costs, while mortgage lenders, firms, and the central bank operate under full information

rational expectations.

5.1.1. Homeowners
There are a measure A° of homeowners index by i who maximize their lifetime utility,

o0

IE Zﬁt (” ( z‘o,tr ft) - ('U]I(y?,t; {Cgr}TSt’th—l))

t=0

A

1,—
subject to a budget constraint

0 2 R_
io,t‘|'QtXi,t+Pts zq,t"‘b?,t wjb(zot) :WfNO+1£[—tlet—1+PtSSirt+L?,t_ zq,t

where C;?,t is consumption, X;; is purchases of new housing, Q; is the real housing price, Sg ;18
the owner-occupied housing services, P} is the price of housing rental services, b7, is real bond
holding, N? is fixed labor supply, W; is the real wage, R; is nominal interest rate, I'l; is aggregate

inflation, S; ; is the total sales of housing services, L?, is new real mortgage borrowing, M?, is real
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mortgage payment on outstanding debt, and wll(y¢,; {7 }r<t|Z7;_;) is the total cost of attention
observing signal yg’,t about all the relevant states for homeowners up to time ¢, {CgT}Tgt, given the
information set Iz?t—l in which we will discuss in detail in Section 5.2.

The existing stock of housing, H; ¢, accumulates as H;; = (1 —0) H; ;1 + X; ;. We assume
that the total housing services are produced from the housing stock with a linear technology
(Si+ = H; ;). We also assume a quadratic portfolio adjustment cost, {0, a la Schmitt-Grohé and
Uribe (2003), to ensure stationary bond holdings in the equilibrium.

The homeowner purchases new housing with a mortgage loan, Lf’t, at the loan-to-value ratio
0, L;?,t = 0Q:X; ;. Denoting by D;”t_l the outstanding real mortgage debt of the homeowner at
the beginning of period ¢, the nominal mortgage payments the homeowner has to make in period

D7,
IT

tl where R{VI — 1 is the interest rate of outstanding

t are given by M?, = (Ri\fl -1+ 'y)
debt, and v is the amortization rate.!> The outstanding mortgage debt Dy evolves as DY, =

(1—1) Dy t—ln% + L7, Lastly, we consider a fixed mortgage rate as our baseline such that RM =

(1—¢¢)RM, + ¢?RE where ¢ = é—’% is the ratio of newly initiated loans to the total mortgage

debt carrying over to the beginning of next period and RtF is the mortgage rate for the new loan.'®

5.1.2. Renters
There are a measure A" of rationally inattentive renters index by i who maximize lifetime utility,

o0

E Zﬁt (” ( it zrt) - WH(yf,t? {§£r}rét|zir,t—1))

t=0

T
Ii,—l
subject to a budget constraint, C;,t + P? S;t + bflt = W;N" + Rﬁ—‘tlb;tfl, where Cir,t is consumption,
S; ; is the renter-occupied housing services, bf/t is real bond holding, and N” is fixed labor supply.'’
Lastly, wll(y; ; {¢] . }r<t|Z], ) is the total cost of attention observing signal y;, about all the

relevant states for renters up to time f, {¢} _}+<¢, given the information set Z!, , in which we will

15 As indicated by Garriga et al. (2021), a constant amortization rate implies geometrically declining mortgage
payments, unlike standard mortgage contracts. We make this assumption for computational simplicity. A similar
formulation is considered in Woodford (2001) with longer-term government debt.

16Tn our baseline model, we assume a fixed mortgage rate, consistent with the prevalence of fixed-rate mortgages in
the US (approximately 92% according to the 2019 Survey of Consumer Finances). In Section 6, we conduct a sensitivity
analysis by considering an adjustable mortgage rate (RﬁvI = Ry) to explore alternative scenarios.

17Unlike homeowners, we assume that renters are not subject to a bond adjustment cost, which allows them to smooth
their consumption through the bond market sufficiently. This assumption also simplifies the computational challenges
associated with the renters’ attention problem.
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discuss in detail in Section 5.2.

5.1.3. Mortgage lenders
There are a measure A! of mortgage lenders indexed by i who maximize their lifetime utility,

g pu (Czl,t>

E

subject to a budget constraint
Ri—1
I

where Cl is consumption, bl- is (real) bond holding, N“ is fixed labor supply for the housing

Cll',t + bg,t l/)bl <b ) + th - WtNl + WHNZ H blf 1 + Mll',t + Cpi"t + @f:fl — Ti,t

construction sector, WH is the wage rate of the housing construction sector, L it is new real mortgage
lending, le',t is receipts of real mortgage payments from outstanding debt, and T; ; is a lump-sum
tax collected by a government. We assume that this household owns firms and gets the real profit

distributions from both the non-construction (CDI t) and construction sectors (CDZ ).

5.1.4. Firms

Construction firms. There is a representative construction firm in a competitive market which
o o W/ . .

produce housing investment Xf to maximize its profit CIDfI = %Xf — TiNtF X using a linear

production function X = NtF X Then, the firm’s optimality condition implies Q; = WtH .

Non-construction firms. In the non-construction sector, there are final goods producers and interme-
diate goods producers. Final goods producers in the perfectly competitive market produce aggregate
output Y; by combining a continuum of differentiated intermegiiate goods, indexed by i € [0, 1],
using the CES aggregator given by Y; = ( fol (Y (z))% di) “" Where ¢ > 1is the elasticity of
substitution across intermediate goods The corresponding optimal price index P; for the final good
is defined as P; = ( fo (P (i 1 € dz) ™ where Py (i) is the price of intermediate good i and the
optimal demand for good 7 is Y} (i) = (%@) Y,

A measure of monopolistically competitive intermediate goods firms, indexed by i, produce

output using the linear production function Y; (i) = N/ (i) and set prices according to a standard

Calvo friction. Flow (real) profits are given by ®; (i) = Pgﬁt” Y; (i) — %Nf (i), and the profit

maximization problem of firms that get to adjust prices is given by

ad A N P\ ¢
max Y ()" 0 [~ Wil (51 ) Vi
) & =
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where « is the Calvo price stickiness index, /\; is the marginal utility of nominal income for

mortgage lenders, and P/ is the optimal price.

5.1.5. Monetary policy, resource constraint, and equilibrium

The monetary rule is of the feedback type with “smoothing”, given by Ry = Rp I—I(lfp W9re Ri—k
where logeg ¢k ~ N(0, (TR) is a forward guidance shock announced k-period ahead.

Given wages, nominal interest rate, and prices, labor, bond, and good markets are clear in
equilibrium. Notice that given fixed labor supply, we have A°N°® + A"N” + AIN! = f() NE(i)di
and A/N! = N;” EX Moreover, given housing prices, housing service rental pI‘ICCS and mortgage
rates, housing, and mortgage markets are clear in equilibrium, i.e., X!’ = fo thdi, fo Sidi =
2 sedi+ [ st disand [ ¥ di = [ x0,di = x; for x € {M,L,D}.

Let Ck = fOAk Cf-‘,tdi and bF = fOAk bfi (i for each k € {o,r,1}. Define economy-wide consump-
tion as C; = A/Cl + A°CY 4+ A"C]. Notice that, in equilibrium, fOAI CIDSItdi fo ®;(i)di. Then, we
can derive an aggregate resource constraint given by C; + lpbl (bl) + % (bf) + % (b;) + T =
Y; where T; = fo T; (di is aggregate lump-sum tax. We assume that the government takes the real
profit distributions from mortgage lenders in the form of the lump-sum tax (T; = f 0 D (i)di) to iso-
late the effects of profit distributions on mortgage lenders’ optimal intertemporal decisions. Also, by
aggregating firms’ production functions, we can derive aggregate outputs Y/ = fol Y: (i) di = YiEy
where the price dispersion, Z, is given by Z; = (1 — ) (p;‘)_E +a (IT;)° E;_1. Lastly, we derive

the law of motions of inflation H}_S =(1—a)(pf Ht)l ftal

5.2. Computing the equilibrium with rationally inattentive homeowners and renters

Solving dynamic rational inattention problems involving numerous state variables poses signifi-
cant computational challenges. To address this complexity and achieve equilibrium within our model
framework, we introduce two simplifying assumptions that streamline the model structure. First, we
assume households have log utilities: u(C') = log(C') and u(C’,S") = log(C’) + ¢ log(S') for
i € {o,r} where 1 is the utility factor for housing rental services for homeowners and renters. Sec-
ond, we assume full depreciation of housing accumulation (6 = 1). Although atypical, this choice

significantly streamlines our model by eliminating the need to track an endogenous state variable

18 All model details and the solution algorithm can be found in Appendix D.
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(H;_1). Given our primary interest in examining heterogeneous attention among homeowners and
renters, this simplification provides a practical benchmark that enhances computational traceability.

We contrast our baseline model featuring rationally inattentive homeowners and renters with a
counterpart model assuming full-information rational expectations. In the full-information model,
all economic agents, including homeowners and renters, possess complete knowledge. To solve
this model, we log-linearize their first-order conditions and other equilibrium conditions at the
non-stochastic steady state, yielding standard log-linear equilibrium conditions (see Appendix
C). This solution is referred to as the full information equilibrium. The baseline model with
rationally inattentive homeowners and renters maintains identical equilibrium conditions to the full
information model, with the exception of differences in optimal attention and allocation choices
made by homeowners and renters.

Let /1 denote the household type where 1 = o for homeowners and & = r for renters. At the
beginning of period ¢, the rationally inattentive household i wakes up with its initial information
set, Zi},lt—l' Then it chooses optimal signals, yf{ ;» from a set of available signals subject to the cost
of information, which is linear in Shannon’s mutual information function, ][(yg b {éﬁr}fg ]Ift_l)
where {C;’,T}Tgt is a set of all relevant state variables for household i whose type is i € {o,7}
including all prices and interest rates up until time ¢. Denote w as the marginal cost of information
processing, a fraction of the steady-state consumption. Household i forms a new information set,
Ii},lt = Iz‘},lt—l U yl}.ft, and uses it for optimal decisions.

To solve the households’ attention problem, we begin by approximating the expected sum of
households’ utility at the non-stochastic steady state using a log-quadratic approximation approach.
This approximation allows us to derive an expression for the expected discounted sum of utility
losses incurred when actions of household i deviate from those maximizing utility under full
information in each period. Subsequently, we formulate the decision problems for both homeowners
and renters as standard linear quadratic Gaussian (LQG) dynamic rational inattention problems
(DRIPs). In this framework, the objective function is quadratic in households’ actions and state
vector, the state vector follows linear dynamics with Gaussian innovations, and the information cost
is linear in Shannon’s mutual information. Our formulation of the DRIP aligns with that of Afrouzi
and Yang (2021). Detailed derivations of both homeowners’ and renters” DRIPs are provided in

Appendix D.1 and Appendix D.2. Additionally, Appendix D.3 outlines the procedure for obtaining
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Table 7: Model calibration

Value Description Targets / Sources

Panel A. Households
B 0.96!/% Time preference Quarterly frequency
P 0.75 Housing services utility Steady-state ratio of housing to non-housing consumption (BEA)
A 0.25  Share of lenders Steady-state ratio of non-housing consumption to disposable income
A° 0.50  Share of homeowners 2/3 of homeownership ratio (U.S. Census Bureau)
AT 0.25  Share of renters 2/3 of homeownership ratio (U.S. Census Bureau)
0 0.8 Loan-to-value ratio The 50" percentile original loan-to-value ratio (FR Y-14M)
0% 0.1 Mortgage amortization rate Steady-state household debt-to-GDP ratio (US Financial Account)
lpf) 0.01 Lender’s portfolio adjustment cost Assigned
/3 0.01 Homeowner’s portfolio adjustment cost Assigned
w 0.125 Marginal cost of attention Heterogeneous responses in inflation expectations

x1073 (B1 — B2 in Column (2) of Table 1)
Panel B. Firms
€ 5.0 Elasticity of substitution across firms Steady-state markup (25%)
o 0.75 Calvo price stickiness parameter Garriga et al. (2021)

Panel C. Monetary Policy

0 0.56 Interest rate smoothing Carvalho et al. (2021)
¢ 2.0 Interest rate response to inflation Carvalho et al. (2021)
or 0.0042 S.D. of forward guidance shock Swanson (2021)

Notes: This table shows model parameter values used for our baseline simulation. See Section 5.3 for details.

numerical solutions for the equilibrium involving rationally inattentive homeowners and renters.'”

5.3. Calibration and parameterization

Table 7 presents our calibration. The model is calibrated at a quarterly frequency with a time
discount factor of f = 0.96'/4. We set the utility factor of housing rental services (1) to 0.75 to
match the steady-state housing to non-housing personal consumption expenditure ratio of 4.71.
The population share of mortgage lenders (A!) is assumed to be 0.25 to match the steady-state
ratio of non-housing consumption expenditure to disposable income, which is 0.6. We then set
the population share of homeowners (A°) to 0.5 and renters (A") to 0.25, corresponding to a recent

homeownership ratio of 2/3.2°

19Recent theoretical works emphasizing the role of mortgages in monetary shock transmission often highlight
refinancing motives (e.g., Eichenbaum et al. (2022) and Garriga et al. (2017)). We acknowledge that our model does
not incorporate a refinancing motive for computational simplicity. Unlike previous studies employing full information
rational expectations models, our approach is based on a model of rational inattention within a linear-quadratic-Gaussian
framework, which currently does not accommodate nonlinear constraints required for studying refinancing motives.
We view the incorporation of the refinancing channel in a model with rationally inattentive homeowners as a potential
avenue for future research to enrich the transmission mechanisms of monetary policy.

20This calibration aligns with the finding that approximately 40% of U.S. households have mortgages, as indicated
by the 2019 Survey of Consumer Finances.
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The loan-to-value ratio (0) is set to 0.8, consistent with the median original loan-to-value ratio
reported in FR Y-14M. The mortgage amortization rate (<) is chosen to be 0.1 to match the steady-
state household debt-to-GDP ratio of 0.53. We assume small bond adjustment cost parameters for
both mortgage lenders (¢;;) and homeowners ({,0) of 0.01, which falls within a reasonable range
used in the literature.?! We set the elasticity of substitution across intermediate producers to be
five (¢ = D), corresponding to a recent estimate of an average markup of 25 percent. The Calvo
parameter is chosen as & = 0.75, consistent with Garriga et al. (2021).

We recover the marginal cost of attention parameter w through our main empirical regression.
Specifically, for a given w, we simulate our model with 400 homeowners and 200 renters for 1,000
periods, and run the empirical regression specified in Equation (2) using the simulated data. We
determine the value of w that aligns with the heterogeneous responses in inflation expectations
observed among homeowners and renters following a forward guidance shock (as indicated by
ﬁl — BZ in Column (2) of Table 1). Our calibrated marginal cost of attention parameter implies
w = 0.125 x 1073 units of the steady-state level of consumption. To assess the validity of the
recovered attention costs, we perform a regression of average forecast errors on average forecast
revisions in inflation using the simulated data, following the framework suggested by Coibion
and Gorodnichenko (2015a). Our estimated coefficient, ,3 = 2.3, exceeds their estimate of 1.2
using Survey of Professional Forecasters data, suggesting a greater level of inattentiveness among
households compared to professional forecasters

Lastly, for model parameters related to monetary policy, we rely on recent estimates. Specifically,
we set the persistence of the nominal interest rate (p) to 0.56 and the parameter of the interest rate
feedback to inflation (¢) to 2.0, in line with estimates from Carvalho et al. (2021). The standard
deviation of forward guidance shocks (cR) is determined by computing the standard deviation of

quarterly averages of the shock series as reported in Swanson (2021).

5.4. IRFs to a forward guidance shock

We examine the effects of a forward guidance shock that reduces the four-quarter ahead nominal

interest rate by one standard deviation. As shown in Figure 2, this announcement triggers increases

21For example, Schmitt-Grohé and Uribe (2003) uses a value of 0.00074 for the portfolio adjustment cost parameter,
whereas Cantore and Freund (2021) uses 0.07.
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Figure 2: Model impulse responses to a 1 S.D. 4-quarter ahead forward guidance shock

Notes: This figure reports the model impulse responses to a forward guidance shock that lowers the 4-quarter ahead
interest rate by one standard deviation. The solid blue lines plot the case of full information rational expectations.
The dot-dashed red lines plot the case under rational inattention. The dotted green lines and dashed yellow lines
in the top left three panels plot the interest rate or inflation expectations of homeowners and renters respectively.
Ci=A° Cy + A'C] is aggregate consumption for both homeowners and renters. The impulse responses of all other
model variables are shown in Appendix Figure D.5.

in inflation and consumption under both full information and rational inattention settings. However,
with rationally inattentive homeowners and renters, the responses in expectations regarding nominal
and real interest rates (top left and middle panels) as well as inflation (top second panel) are more
subdued compared to the responses under the full information model.

Notably, under rational inattention, homeowners have a stronger incentive to pay attention to
a forward guidance shock, as news of future interest rate changes impacts mortgage rates and
inflation, subsequently influencing their real income through changes in real mortgage payments
as shown in the log-linearized real mortgage payment equation: mj = mrﬁ 1 tdi_1 — 7.
Consequently, homeowners’ inflation expectations exhibit greater sensitivity to a forward guidance

shock compared to renters, whose expectations show more sluggish adjustments.

As households gradually absorb news on the changes in interest rates, their consumption
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responses are correspondingly smaller compared to the full information benchmark (middle left
three panels). Additionally, the effects on housing market activities—including housing service (57
and S}), mortgage borrowing (1), and housing debt (d;)—are relatively muted.. Overall, forward
guidance is less effective under the rational inattention model compared to the full information
benchmark. Notably, homeowners exhibit greater responsiveness to forward guidance shocks than
renters, primarily due to the mortgage holding channel.

Our model provides theoretical support for the empirical findings of Coibion et al. (2023).
Through large-scale randomized controlled trials (RCTs), they observe that information about future
interest rates has similar and offsetting effects on interest rate and inflation expectations, resulting
in limited pass-through into perceived real rates. This aligns closely with the mechanism outlined in
our model under rational inattention. Furthermore, our model predicts that mortgage rates exert
a stronger influence on homeowners’ perceptions of interest rates, leading to more pronounced
changes in perceived real rates, thus corroborating their empirical findings.

Our model implications resonate with the findings of McKay et al. (2016) and Bilbiie (2020),
who demonstrate that the potent effects of forward guidance can be attenuated under incomplete
market settings. In their models, agents face the risk of hitting borrowing constraints, leading to
stronger precautionary motives and a discounted Euler equation that dampens the real effects of
forward guidance policies. In our framework, agents exhibit reduced responsiveness to forward
guidance due to limited attention. Specifically, renters have less incentive to pay attention to interest

rates, resulting in minimal effects of future interest rate changes on their consumption.

5.5. Welfare implications: heterogeneous inflation expectations and monetary policy responses

We define our measure of implicit welfare cost for a household of type i € {o, 7}, yi, as
Y B (u((1+ )R, SR — Wy et et 1) ) = 1 Bru(CS)
t=0 t=0

where {Ci’H,Slt"H} are type-i household’s optimal consumption and housing services choices
under the full information rational expectations model, and {Ci’RI ,S i’RI } are the time path of type-i
household’s consumption and housing services under the rational inattention frictions. Notice that
wl(yi; {&-}e<¢|Zi ;) is the period-t cost of attention for household type-i. Here p' captures the

welfare costs, measured as the fraction of equivalent consumption loss, for households i given the
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Table 8: Welfare Costs: Baseline Analysis

(A) (B) © (D)
Total welfare Welfare costs under Welfare gains from Costs of attention
Households ; . . .
costs (') full-information under-reaction
Homeowner 0.2415 0.0065 0.0020 0.2370
Renter 0.0389 0.0005 0.0004 0.0388

Notes: This table shows the implicit welfare costs in responses to forward guidance shocks under rational inattention.
Note that (A) = (B) - (C) + (D). See Equation (5) for the decomposition.

series of monetary policy forward guidance shocks. With the log separable preferences, we can

rewrite the welfare cost as

g (1+4) = 1) [ 2

.

gu(CL8) - Y pu(c, sy 5)
t=0

o~
Welfare costs under the full-information model

—1-8) | Y puc®, sy®hy — Y pru(Cyt, s | + Y Bwll(yh (& et ZE ) -
t=0 t=0 =0

N v N 7
N~ Vv

Welfare gains from under-reaction Cost of attention

We simulate the model for 1000 periods with forward guidance shocks and compute the welfare
costs using Equation (5). To interpret the results, we further decompose the welfare costs into three
pieces. The first piece represents the costs under the full information model, which arise due to the
business cycle fluctuations. The second piece measures gains from under-reaction of households’
consumption and housing services choices to forward guidance shocks due to rational inattention.
As shown in the second row of Figure 2, consumption and housing service fluctuate less under
rational inattention compared to full information. The last piece is information acquisition costs.

Table 8 shows the results. Under the presence of the mortgage channel, homeowners’ con-
sumption responses are always more sensitive to interest rate changes. Therefore, welfare costs
of business cycles driven by forward guidance shocks are larger for homeowners than renters
even under the full information model (see Column B). Overall, the welfare costs are larger for
homeowners mostly due to the cost of information acquisition (see Column D). As homeowners
have strong incentives to pay close attention to interest rates and mortgage rates, their informational

costs are larger than renters. The heterogeneous efforts in information acquisition over business
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cycles are outcomes of households’ optimal choices. This is also consistent with our empirical
findings that homeowners spend significantly more amount of time on financial management and

purchasing financial services.

6. Model mechanisms and sensitivity analyses

In this section, we perform sensitivity analyses to provide additional insights into the conse-

quences of changing the homeownership ratio and mortgage market access.>

6.1. Lowering homeownership ratio

Motivated by the recent discussions on the declining homeownership ratio in the U.S., we
first employ our model to consider its implications on the effectiveness of monetary policy (e.g.,
Paz-Pardo, 2024). We conduct two experiments by lowering homeownership ratios from 0.67 to
0.55 and 0.6 respectively, and show the IRFs in Appendix Figure E.6. As the share of homeowners
in the economy decreases, the effectiveness of the forward guidance policy decreases mainly for
two reasons. First, the expectation channel is weakened due to the larger share of renters who
pay less attention to the monetary policy. Second, the direct transmission through the mortgage
channel is weakened given the smaller share of homeowners participating in the mortgage market.
Overall, the expansionary effects of forward guidance shocks become less powerful with a declining
homeownership ratio. Appendix Table E.9 shows the welfare costs with different homeownership
ratios. The benefits of acquiring more information are lower as the economy becomes less sensitive
to the forward guidance with the smaller share of homeowners. Both homeowners and renters
decide to pay lower costs to acquire information than the baseline economy, leading to smaller total

welfare costs of forward guidance shocks.

6.2. Mortgage accessibility

We study the interaction between macro-prudential policy and monetary policy by considering
changes in loan-to-value (LTV) ratio 6. Appendix Figure E.7 shows the IRFs under different LTV

ratios. When the LTV constraints are tightened, homeowners cannot borrow as much as they could.

22In Appendix E, we provide further sensitivity analyses on the effects of the expected-augmented Taylor rule and
different horizons of forward guidance.
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As a result, the forward guidance policy became less effective in boosting the economy through
the mortgage channel. Appendix Table E.10 presents the welfare analysis. As forward guidance
policy becomes less effective in stimulating the economy, both homeowners and renters are less
motivated to pay information acquisition costs. As a result, the total welfare costs are also smaller
in the model with lower LTVs than in the baseline model. Since lowering LTV makes housing less
affordable in general, the overall effects on the economy are very similar to the case of lowering

homeownership ratios.

6.3. Adjustable-rate mortgage (ARM) vs fixed-rate mortgage (FRM)

In the U.S., about 92 percent of mortgage loans are FRMs, but in other countries, like the
U.K. and Canada, ARMs are more popular. In this experiment, we compare the effectiveness of
forward guidance in economies with ARM (RI{VI = Ry) vs. FRM. As shown in Appendix Figure E.8,
housing-related loans are much more responsive to forward guidance shocks under ARM, while
the responses of consumption and housing services are much muted. As homeowners have a much
stronger incentive to keep track of mortgage rates under ARM, the welfare costs of forward guidance
on homeowners are much higher compared to FRM, primarily driven by increasing information
acquisition costs (Appendix Table E.11). The welfare costs for renters, in contracts, are smaller

under ARM due to more muted responses in consumption and housing services.

7. Conclusion

This paper focuses on homeownership and mortgage holdings as the crucial factors of house-
holds’ expectation formation and the propagation of monetary policy. Based on the microdata from
MSC, along with the battery of independent external evidence, we show that households learn about
macroeconomic conditions and monetary policy from mortgage rate changes and news related to
homeownership, and adjust their macroeconomic expectations accordingly. This evidence sheds
light on housing-driven endogenous attention as the key mechanism behind our novel empirical
findings. To characterize the key mechanism and further analyze the heterogeneous effects of
monetary policy on homeowners and renters, we build a general equilibrium model with rationally
inattentive households, which is entirely new in the literature. We show that in response to an

expansionary forward guidance shock, homeowners with mortgages raise their consumption more
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than renters do, because homeowners are better informed of the path of monetary policy through
their attention to mortgage rates and reoptimize their consumption accordingly. We further demon-
strate that this novel structural model is versatile enough for us to analyze the consequences of
declining homeownership on the effectiveness of monetary policy as well as the interaction between

macroprudential policy and monetary policy.

References

Afrouzi, H., Yang, C., 2021. Dynamic rational inattention and the Phillips curve. CESifo Working
Paper No. 8840. CESifo.

Ahn, H.J., Pfajfar, D., Winkler, F., 2024. Frequency of households’ information acquisition and
macroeconomic perceptions. mimeo .

Bilbiie, F.O., 2020. The new keynesian cross. Journal of Monetary Economics 114, 90-108.

Breckenfelder, J., De Fiore, F., Andrade, P., Karadi, P., Tristani, O., 2016. The ECB’s asset purchase
programme: an early assessment. Working Paper Series 1956. European Central Bank.

Cantore, C., Freund, L.B., 2021. Workers, capitalists, and the government: fiscal policy and income
(re)distribution. Journal of Monetary Economics 119, 58-74.

Carroll, C.D., 2003. Macroeconomic expectations of households and professional forecasters. The
Quarterly Journal of Economics 118, 269-298.

Carvalho, C., Nechio, F., Tristdo, T., 2021. Taylor rule estimation by ols. Journal of Monetary
Economics 124, 140-154.

Ciccarelli, M., Garcia, J.A., Montes-Galdoén, C., 2017. Unconventional monetary policy and the
anchoring of inflation expectations. Working Paper Series 1995. European Central Bank.

Claus, E., Nguyen, V.H., 2020. Monetary policy shocks from the consumer perspective. Journal of
Monetary Economics 114, 159-173.

Cloyne, J., Ferreira, C., Surico, P., 2019. Monetary policy when households have debt: New
evidence on the transmission mechanism. The Review of Economic Studies 87, 102—129.

Coibion, O., Georgarakos, D., Gorodnichenko, Y., Weber, M., 2023. Forward guidance and
household expectations. Journal of the European Economic Association 21, 2131-2171.

Coibion, O., Gorodnichenko, Y., 2015a. Information rigidity and the expectations formation process:

A simple framework and new facts. American Economic Review 105, 2644-78.

33



716

77

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

740

741

742

743

744

745

Coibion, O., Gorodnichenko, Y., 2015b. Is the phillips curve alive and well after all? inflation
expectations and the missing disinflation. American Economic Journal: Macroeconomics 7,
197-232.

Coibion, O., Gorodnichenko, Y., Kamdar, R., 2018. The formation of expectations, inflation, and
the phillips curve. Journal of Economic Literature 56, 1447-91.

Coibion, O., Gorodnichenko, Y., Weber, M., 2022. Monetary policy communications and their
effects on household inflation expectations. Journal of Political Economy 130, 1537-1584.

D’Acunto, F., Hoang, D., Weber, M., 2022. Managing households’ expectations with unconventional
policies. The Review of Financial Studies 35, 1597-1642.

D’Acunto, F., Malmendier, U., Weber, M., 2023. What do the data tell us about inflation ex-
pectations?, in: Bachmann, R., Topa, G., van der Klaauw, W. (Eds.), Handbook of Economic
Expectations. Academic Press, pp. 133-161.

Del Negro, M., Giannoni, M.P., Patterson, C., 2023. The forward guidance puzzle. Journal of
Political Economy Macroeconomics 1, 43-79.

Diegel, M., Nautz, D., 2021. Long-term inflation expectations and the transmission of monetary
policy shocks: Evidence from a svar analysis. Journal of Economic Dynamics and Control 130,
104192.

Eichenbaum, M., Rebelo, S., Wong, A., 2022. State-dependent effects of monetary policy: The
refinancing channel. American Economic Review 112, 721-61.

Garriga, C., Kydland, FE., Sustek, R., 2017. Mortgages and Monetary Policy. The Review of
Financial Studies 30, 3337-3375.

Garriga, C., Kydland, FE., Sustek, R., 2021. MoNK: Mortgages in a new-keynesian model. Journal
of Economic Dynamics and Control 123, 104059.

Hajdini, I., Knotek, E.S., Leer, J., Pedemonte, M., Rich, R., Schoenle, R., 2024. Indirect consumer
inflation expectations: Theory and evidence. Journal of Monetary Economics , 103568.

Hamilton, J.D., 2008. Daily monetary policy shocks and new home sales. Journal of Monetary
Economics 55, 1171-1190.

Hoffmann, M., Moench, E., Pavlova, L., Schultefrankenfeld, G., 2021. The effects of the ECB’s
new inflation target on private households’ inflation expectations. Research Brief. Bundesbank.

Kamdar, R., 2019. The inattentive consumer: Sentiment and expectations. working paper .

34



746

747

748

749

750

751

752

753

754

755

756

757

759

760

761

762

763

764

765

766

767

770

771

772

773

Kryvtsov, O., Petersen, L., 2021. Central bank communication that works: Lessons from lab
experiments. Journal of Monetary Economics 117, 760-780.

Lamla, M.J., Vinogradov, D.V., 2019. Central bank announcements: Big news for little people?
Journal of Monetary Economics 108, 21-38.

Mackowiak, B., Wiederholt, M., 2023. Rational inattention and the business cycle effects of
productivity and news shocks. Working Paper Series 2827. European Central Bank.

Malmendier, U., Nagel, S., 2015. Learning from inflation experiences. The Quarterly Journal of
Economics 131, 53-87.

McKay, A., Nakamura, E., Steinsson, J., 2016. The power of forward guidance revisited. American
Economic Review 106, 3133-58.

Nord, L., 2022. Who cares about inflation? endogenous expectation formation of heterogeneous
households. mimeo .

Paz-Pardo, G., 2024. Homeownership and portfolio choice over the generations. American
Economic Journal: Macroeconomics 16, 207-37.

Pedemonte, M., Toma, H., Verdugo, E., 2023. Aggregate implications of heterogeneous inflation
expectations: the role of individual experience. Working Paper 23-04. Federal Reserve Bank of
Cleveland.

Pfajfar, D., Winkler, F., 2024. Monetary Policy Attitudes and Expectations of U.S. Households.
mimeo .

Schmitt-Grohé, S., Uribe, M., 2003. Closing small open economy models. Journal of International
Economics 61, 163—185.

Swanson, E.T., 2021. Measuring the effects of federal reserve forward guidance and asset purchases
on financial markets. Journal of Monetary Economics 118, 32-53.

Weber, M., D’ Acunto, F., Gorodnichenko, Y., Coibion, O., 2022. The subjective inflation ex-
pectations of households and firms: Measurement, determinants, and implications. Journal of
Economic Perspectives 36, 157-84.

Woodford, M., 2001. Fiscal requirements for price stability. Journal of Money, Credit and Banking
33, 669-728.

35



Appendix For Online Publication

Appendix A. Supplementary Empirical Results

Appendix A.1. Robustness Checks: Different Interest Rate Change Horizons

Appendix Table A.1: Robunestness Check: sensitivity of revisions in homeowners and renters’ inflation expectations to
changes in mortgage rates

1-year ahead inflation expectations S-year ahead inflation expectations
Interactions (1) AR; (2) AR; pg (3) AR; 4) AR pG
Panel A. Mortgage rate changes over past 3 months
Homeowner (f1) -0.8128*** -0.5158*** 0.0006 -0.0000
(0.1488) (0.1326) (0.1027) (0.0910)
Renter (7) -0.2955 0.0900 -0.3416 -0.2089
(0.2781) (0.2537) (0.2141) (0.1842)
Number of obs. 21,338 20,722 20,731 20,455
Adj. R? 0.0373 0.0355 0.0185 0.0188
F-test (81 = B2) 2.73* 4.47** 2.14 1.06
Panel B. Mortgage rate changes over past 9 months
Homeowner (B1) -0.6991*** -0.5628"** -0.2143%** -0.0014
(0.0909) (0.0812) (0.0637) (0.0564)
Renter () -0.3138* -0.1253 -0.1613 0.0147
(0.1672) (0.1477) (0.1318) (0.1141)
Number of obs. 21,338 20,722 20,455 20,455
Adj. R? 0.0402 0.0402 0.0195 0.0193
F-test (B1 = B2) 4.34%* 6.94*** 0.14 0.02

Notes: This table reports the regression results from Equation (2). Dependent variables are the six-month change in the MSC’s
12-month ahead inflation expectations (Columns (1) and (2)) and the six-month change in the MSC’s 5-year ahead inflation
expectations (Columns (3) and (4)). "Homeowner" and "Renter" indicate dummies for homeowner and renter respectively. ARy
refers to changes in interest rate over the past 3 months (Panel A) or 9 months (Panel B). Columns (1) and (3) report responses
to changes in 30-year mortgage rate; Columns (2) and (4) report responses to the changes in 30-year mortgage rate predicted
by forward guidance shocks. We control for the respondent’s demographic fixed effects including gender, education, birth
cohort, homeownership, marriage status, region, income quartiles, and respondent’s revisions in gas price expectations, as well
as macroeconomic conditions including changes in the unemployment rate and federal funds rate during the past three or nine
months. Robust standard errors are reported in the parenthesis. ***, **, * denotes statistical significance at 1%, 5%, and 10%
levels respectively.



Appendix Table A.2: Robustness check: asymmetric effects of mortgage-rate changes

1-year ahead inflation expectations 5-year ahead inflation expectations
Interactions (1) AR; 2) ARt,FG (3) AR; 4) ARLFG
Panel A. Mortgage rate changes over past 3 months
Homeownerx IV (B1) -0.0355 0.1165 0.3755** 0.1827
(0.2512) (0.2340) (0.1833) (0.1648)
Renter x If (B2) -0.2424 0.9153** -0.0385 -0.0183
(0.4446) (0.4351) (0.3703) (0.3581)
HomeownerxI,” (B3) -1.7390*** -0.8726*** -0.4401** -0.1017
(0.3251) (0.1725) (0.2147) (0.1130)
Renterx I, (Ba) -0.4452 -0.3388 -0.7665 -0.3081
(0.6799) (0.3239) (0.4706) (0.2233)
Number of obs. 21,338 20,772 20,731 20,455
Adj. R? 0.0365 0.0363 0.0187 0.0188
F-test (81 = B3) 11.89*** 10.62*** 5.73*%* 1.93
Panel B. Mortgage rate changes over past 9 months
Homeownerx IV (B1) -0.1354 -0.7726*** -0.0042 -0.0317
(0.1643) (0.1208) (0.1223) (0.0871)
Renter X I;“ (B2) 0.3100 -0.0904 -0.0484 0.0753
(0.3156) (0.2012) (0.2539) (0.1620)
HomeownerxI,” (B3) -1.2258*** -0.3642*** -0.4094*** 0.0226
(0.1871) (0.1206) (0.1238) (0.0847)
Renterx I, (Ba4) -1.0032 -0.1051 -0.2946 -0.0289
(0.3825) (0.2166) (0.2952) (0.1645)
Number of obs. 21,338 20,772 20,731 20,455
Adj. R? 0.0409 0.0404 0.0195 0.0192
F-test (81 = B3) 12.93*** 5.23%* 3.70* 0.18

Notes: This table reports the regression results from Equation (4). Dependent variables are the six-month change in the MSC’s
12-month ahead inflation expectations (Columns (1) and (2)) and the six-month change in the MSC’s 5-year ahead inflation
expectations (Columns (3) and (4)). AR; refers to changes in interest rate over the past 3 months (Panel A) or 9 months (Panel B).
“Homeowner” and “Renter” indicate dummies for homeowner and renter respectively. It’" and I;” indicate dummies for periods
of increase and decrease in 30-year mortgage rates respectively. Columns (1) and (3) report responses to changes in 30-year
mortgage rate; Columns (2) and (4) report responses to the changes in 30-year mortgage rate predicted by forward guidance
shocks. We control for the respondent’s demographic fixed effects including gender, education, birth cohort, homeownership,
marriage status, region, income quartiles, and respondent’s revisions in gas price expectations, as well as macroeconomic
conditions including changes in the unemployment rate and federal funds rate during the past three or six months. Robust
standard errors are reported in the parenthesis. ***, **, * denotes statistical significance at 1%, 5%, and 10% levels respectively.



Appendix A.2. Additional analysis: effects of mortgage-rate changes on labor market outlooks and

future business conditions

In this appendix, we conduct an additional analysis of the effects of mortgage rate changes on
labor market outlooks. In the MSC, for example, the question on expectations of joblessness in the

next 12 months is postulated as follows:

How about people out of work during the coming 12 months—do you think that there

will be more unemployment than now, about the same, or less?

1. More unemployment
3. About the same

5. Less unemployment

We construct a categorical variable that reflects the direction of expectation revisions. This variable
has three outcomes—improved, unchanged, and worsened. 1f the numeric value of the response in
the original question increases, we regard the expectation to have “improved.” If the numeric value
decreases, we interpret the expectation to have “worsened.” If the numeric value stays the same, we
assign “unchanged.”

With the constructed categorical variable capturing households’ revision of unemployment
expectations, we run a multivariate logit regression to examine how a change in the interest rate six

months ago affects the revision. The model is specified as follows:

log <@> = &g + B1 homeowner; X ARt + Bo renter; X ARy + vZy + 60X + €,  (A.l)

Pijt

where pji ; is the probability that household i’s response is k € {“improved”,“worsened”} from
period f to £ + 6, and pj; ; is the probability that household i’s response is j = “unchanged” from
period f to t + 6. The regressors homeowner; and renter; are dummies for homeowner and renter,
respectively; AR; is a change in the mortgage rate or changes in mortgage rate predicted by forward
guidance shocks during the past six months. We include the same set of household-level controls
and aggregate variables as Equation (2). We treat the response “unchanged” as the base category
and estimate the probability of household i to respond “improved” or “worsened” relative to that of
household i to respond “unchanged.” The coefficient estimates are reported in Table A.3.

To make the results more interpretable, we compute the marginal probabilities of households to
change their unemployment expectations and display the probabilities in Figure A.1. As depicted
by the downward-sloping lines in the top-left panel, households become less likely to expect that
the labor market conditions will improve, when 30-year mortgage rates rise. Consistent with

this observation, households become more likely to anticipate that the labor market conditions



Appendix Table A.3: Sensitivity of revisions in homeowners and renters’ unemployment expectations to changes in
interest rates

Interactions (1) AR; ) ARt/FG
Panel A. Unemployment: Improve
Renter (a7) 1.100** 1.089**
(0.046) (0.046)
Homeowner X AR; (B1) 0.908** 0.094***
(0.036) (0.051)
Renterx AR; (B2) 1.068 0.179*
(0.076) (0.170)
Panel B. Unemployment: Worsen
Renter (a1) 1.037 1.034
(0.044) (0.045)
Homeowner x AR; (B1) 0.977 0.307**
(0.039) (0.171)
Renterx AR; (B2) 0.936 0.110**
(0.071) (0.113)
Number of obs. 24,483 23,890
Pseudo R? 0.0108 0.0111

Notes: This table reports the multinomial logit regression results from Equation (3). Dependent variables are the log
of the probability that unemployment rate will be improved (Panel A) or worsened (Panel B) in the next six months
relative to the probability that unemployment rate will be unchanged in the next six months. "Homeowner" and
"Renter" indicate dummies for homeowner and renter respectively. The coefficients are reported in relative-risk
ratios. AR; and ARt,FG refer to the six-month change in 30-year mortgage rate and forward guidance shocks
respectively. We control for the respondent’s demographic fixed effects including gender, education, birth cohort,
homeownership, marriage status, region, income quartiles, and respondent’s revisions in gas price expectations, as
well as macroeconomic conditions including changes in the unemployment rate and federal funds rate during the
past six months. Robust standard errors are reported in the parenthesis. ***, **, * denotes statistical significance at
1%, 5%, and 10% levels respectively.

will deteriorate with a rise in the 30-year mortgage rate, as indicated by the upward-sloping lines
(top right panel). However, we find statistically significant differences in the optimistic revisions
between homeowners and renters (top left panel) but not in the pessimistic revisions (top right
panel). Homeowners lower their optimism more in response to an increase in the mortgage rate than
renters do. We find similar results with changes in the mortgage rate predicted by forward guidance
shocks as reported in the lower panel.

To examine the contractionary effect of interest-rate changes on overall economic conditions,
we also consider expectations on future business conditions as dependent variables. As shown in

Table A.4 and Figure A.2, our main conclusion remains robust.
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Appendix Figure A.1: Marginal probability of changes in household expectations of unemployment

Notes: This figure reports the marginal probabilities of changes in household expectations of unemployment to changes in
mortgage rates. The explanatory variable considered is the changes in the 30-year mortgage rate (top panel) and forward
guidance shocks (bottom panel). The results are calculated based on the estimates of the logit regression results from Equation
(A.1) as reported in Online Appendix Table A.3. We control for the respondent’s gender, education, birth cohort, homeownership,
marriage status, region, income quartiles, and respondent’s revisions in gas price expectations, as well as unemployment rate and
federal funds rate changes during the past six months. Shaded areas represent 95% confidence intervals.



Appendix Table A.4: Sensitivity of revisions in homeowners and renters’ expectations on future business conditions to
changes in interest rates

Interactions (1) AR; (2) AR; rg
Panel A. Future Business Conditions: Improve
Renter (x7) 1.108** 1.108**
(0.046) (0.047)
Homeowner X AR; (B1) 0.953 0.652
(0.038) (0.358)
Renter X AR (B2) 1.000 0.505
(0.072) (0.494)
Panel B. Future Business Conditions: Worsen
Renter (a1) 1.058 1.064
(0.046) (0.047)
Homeowner x AR; (B1) 0.99 1.023
(0.873) (0.569)
Renter X AR (B2) 0.913 1.190
(0.069) (1.202)
Number of obs. 24,024 23,434
Pseudo R? 0.0105 0.0104

Notes: This table reports the multinomial logit regression results from Equation (3). Dependent variables are
the log of the probability that future business conditions will be improved (Panel A) or worsened (Panel B) in
the next six months relative to the probability that future business conditions will be unchanged in the next six
months. "Homeowner" and "Renter" indicate dummies for homeowner and renter respectively. The coefficients
are reported in relative-risk ratios. ARy and ARt,FG refer to the six-month change in 30-year mortgage rate and
forward guidance shocks respectively. We control for the respondent’s demographic fixed effects including gender,
education, birth cohort, homeownership, marriage status, region, income quartiles, and respondent’s revisions in gas
price expectations, as well as macroeconomic conditions including changes in the unemployment rate and federal
funds rate during the past six months. Robust standard errors are reported in the parenthesis. ***, **, * denotes
statistical significance at 1%, 5%, and 10% levels respectively.
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Appendix Figure A.2: Marginal probability of changes in household expectations of future business conditions

Notes: This figure reports the marginal probabilities of changes in household expectations of future business
conditions to changes in mortgage rates over the past six months. The explanatory variable considered is the changes
in the 30-year mortgage rate (top panel) and forward guidance shocks (bottom panel). The results are calculated
based on the estimates of the logit regression results from Equation (A.1). We control for the respondent’s gender,
education, birth cohort, homeownership, marriage status, region, income quartiles, and respondent’s revisions in gas
price expectations, as well as unemployment rate and federal funds rate changes during the past six months. Shaded
areas represent 95% confidence intervals.

Source: Authors’ calculation.



Appendix A.3. Additional analysis: effects of mortgage-rate changes on interest rate expectations

We conduct additional analysis of the effects on interest rate expectations by employing the
same specification (A.1), but change the dependent variable to expectations of future interest rates.

The question on interest rate expectations is postulated as follows:

No one can say for sure, but what do you think will happen to interest rates for
borrowing money during the next 12 months—will they go up, stay the same, or go

down?
1. Goup
3. Stay the same
5. Go down
We treat the response “stay the same” as the base category and estimate the probability of household
i responding “go up” or “go down” relative to that of household i responding “the same”. Therefore,

in the dependent variable, pj ; is the probability that household i’s response is k =go up/go down,
and p;; s is the probability that household i’s response is j =stay the same.

Go up Same Go down
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Appendix Figure A.3: Marginal probability of household expectations of interest rates

Notes: This figure reports the marginal probabilities of household expectations of 1-year ahead interest rates to
past changes in interest rates. The explanatory variable considered is the changes in the 30-year mortgage rate.
The results are calculated based on the estimates of the logit regression results from Equation (A.1) as reported
in Column (1) of Table A.5. We control for the observed survey respondents’ characteristics, including gender,
education, birth cohort, and the level of income. Shaded areas represent 95% confidence intervals. The confidence
bands are so narrow that they do not clearly show through to the figures.

Figure A.3 displays the marginal probability estimates. The coefficient estimates are reported in

Table A.5. When there is an increase in the interest rate, households become more optimistic about



Appendix Table A.5: Sensitivity of revisions in homeowners and renters’ expectations on future interest rates to changes
in interest rates

Interactions (1) AR; ) ARt/FG
Panel A. Interest rate increase
Renter (a7) 1.073* 1.087**
(0.042) (0.043)
Homeowner X AR; (B1) 1.945%** 107.451***
(0.073) (54.050)
Renterx AR; (B2) 1.312*** 67.566™**
(0.092) (63.626)
Panel B. Interest rate decrease
Renter (a1) 1.164** 1.141%*
(0.076) (0.043)
Homeowner x AR; (B1) 1.139** 7.6181.087**
(0.067) (6.074)
Renter X AR (B2) 1.071 4214
(0.503) (5.697)
Number of obs. 24,505 23,907
Pseudo R? 0.0444 0.0392

Notes: This table reports the multinomial logit regression results from Equation (3). Dependent variables are the log
of the probability that interest rate will increase (Panel A) or decrease (Panel B) in the next six months relative to the
probability that interest rate will stay the same in the next six months. "Homeowner" and "Renter" indicate dummies
for homeowner and renter respectively. The coefficients are reported in relative-risk ratios. AR; and ARt, £g refer to
the six-month change in 30-year mortgage rate and changes in forward guidance shocks respectively. We control for
the respondent’s demographic fixed effects including gender, education, birth cohort, homeownership, marriage
status, region, income quartiles, and respondent’s revisions in gas price expectations, as well as macroeconomic
conditions including changes in the unemployment rate and federal funds rate during the past six months. Robust
standard errors are reported in the parenthesis. ***, **, * denotes statistical significance at 1%, 5%, and 10% levels
respectively.

future interest rate rises but become less likely to believe that the interest rate would either stay the
same or go down. The upside revisions to the belief in an interest rate increase are larger than the
downside revisions to the belief in either an unchanged or decreased interest rate. In addition, the
responsiveness of homeowners is larger than that of renters with statistical significance. Similar to
the case of other expectations, the upward revisions of homeowners are the largest when there is a
rise in the mortgage rate. Again, the difference in the upward revision between homeowners and

renters is also the greatest.



Appendix B. Additional Survey Evidence

Appendix B.1. SCE Housing Survey

The SCE Housing Survey identifies homeowners’ mortgage status with the following question:

Do you have any outstanding loans against the value of your home, including all

mortgages, home equity loans, and home equity lines of credit?

(1) Yes, mortgage(s) only

(2) Yes, home equity loans/lines of credit only

(3) Yes, both mortgage(s) and home equity loans/lines of credit
(4) No.

We consider individuals whose responses are (1) - (3) as homeowners with mortgages and those
with response (4) as outright homeowners. According to the housing module, about 67 percent of
homeowners carry mortgages and 33 percent are outright homeowners.

Moreover, for homeowners, the housing module also asks whether they recently refinanced
their mortgages and their probability of refinancing their current mortgages in the next 12 months.
In addition, the module contains information on households’ knowledge about current and future
mortgage rates. Concerning knowledge of current mortgage rates and expectations about future

mortgage rates, the survey asks the following questions:

* “What do you think is the average interest rate (for all borrowers) on a new 30-year fixed-rate

mortgage as of today?"

* “What do you think is the average interest rate (for all borrowers) on a new 30-year fixed-rate

mortgage one year from today?"

Figure B.4 reports the mortgage rate perceptions and forecasts by homeownership and mortgage
holding status. Panel A displays the perception of current 30-year mortgage rates along with
the actual 30-year mortgage rates. Homeowners, particularly those with mortgages, have a more
accurate perception of current mortgage rates, compared to the realized 30-year mortgage rates.
Panel B displays one-year-ahead forecasts of 30-year mortgage rates along with the realized 30-
year mortgage rates. Again, homeowners with mortgages have the most accurate mortgage rate
expectations followed by outright homeowners. One exception is 2021, when outright homeowners’
forecasts essentially match the realized mortgage rates, whereas those with mortgages produced
lower forecasts. In particular, renters produce the most inaccurate perceptions of mortgage rates for

the current year and forecasts of future mortgage rates.
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Appendix Figure B.4: Accuracy of Perceived and Predicted Current Mortgage Rates by Homeownership Status (SCE
housing module)

Panel A. Perception of Current Mortgage Rates
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Notes: Panel A documents responses to the survey question, “What do you think is the average interest rate (for all
borrowers) on a new 30-year fixed-rate mortgage as of today?" Panel B documents responses to the survey question
“What do you think is the average interest rate (for all borrowers) on a new 30-year fixed rate mortgage one year from
today?

Source: Survey of Consumer Expectations, Housing Module.

Appendix B.2. SCE Special Module on households’ attention to macroeconomic news

The sample of the SCE special module is composed of 2,155 individuals who are nationally
representative and have participated in the main SCE survey. The special module asks the survey
respondents about their frequency of information acquisition about various economic and financial
news and variables. The topic includes six different interest rates including mortgage interest rates
and federal funds rate, and six economic news including stock market prices, news on inflation,

and that on the Federal Reserve. For each topic, the survey asks the respondent whether the person

11



checks the information (1) daily, (2) weekly, (3) monthly, (4) quarterly, (5) yearly, (6) not at all or
(7) has no knowledge about it. The last two categories are used to measure the extensive margin
of information acquisition. The extensive margin captures whether an individual checks the news
on a particular topic: It takes value O if the response is either “not at all" or “has no knowledge
about it, or takes value 1, otherwise. The survey contains the basic socioeconomic attributes of
survey participants including homeownership status. In addition, the respondents in the sample are
matchable with the main SCE survey and a subset of the sample is also matchable with the SCE

housing survey.

Appendix B.3. Attention to news on interest rates

This section provides direct evidence that homeowners pay more attention to news on interest
rates based on newly constructed indicators. We construct several variables to measure households’
attention toward news on interest rates using the MSC. First, we consider how interest rates directly
affect households’ home-buying and home-selling attitudes.?® The variable HomeBuy;; (HomeSell;;)
takes value 1 if the household’s home-buying (home-selling) attitude is affected by interest rate-
related reasons and 0 otherwise. These measures suggest that interest rate is a primary reason
affecting households’ home-buying and home-selling attitudes. On average, over 45 percent of
households reported interest rates being a factor affecting their home-buying attitudes and the
fraction is about 15 percent for home-selling.

Our next measure is based on whether a household recalls any news on interest rates related
to changes in business conditions. The variable Business;; takes value 1 if the household recalls
at least one change related to interest rates and 0 otherwise. Therefore, Business;; is an indicator
variable for whether an individual household pays attention to news on interest rates related to
business conditions. Based on our sample, about 4.5 percent of the households recalled news on
interest rates related to business conditions.

Our last measure is based on whether a household identifies interest rates as a factor driving
personal finances. The variable Finance;; takes value 1 if the household selects at least one reason
related to interest rates and O otherwise. Therefore, Finance;; is an indicator variable for whether
an individual household pays attention to interest rates related to personal finances. Based on our
sample, about 0.11 percent of the households mentioned interest rates being a factor affecting their
personal financial conditions.

We consider the following linear regression model:

Yy = a + Brhomeowner;; + 6 Xj; + (¢ + €54 (B.1)

23Notice that these questions are designed to assess general home-buying or home-selling attitudes, not the respon-
dents’ attitude towards buying or selling houses for their own use.
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Appendix Table B.6: Homeownership and attention to news on interest rates

Dependent variables (1) HomeBuy (2) HomeSell (3) Business (4) Finance
Homeowner 0.0850*** 0.0416*** 0.0074*** 0.0006***
(0.0031) (0.0022) (0.0013) (0.0.0002)
Demographic FE Y Y Y Y
Year-month FE Y Y Y Y
Number of obs. 153,347 145,268 156,098 156,098
Adj. R? 0.1567 0.0997 0.0368 0.0037

Notes: This table reports the estimates of B1’s from Equation (B.1). The dependent variables are dummies indicating whether
news on interest rates affects the respondent’s home-buying attitudes (Column 1), home-selling attitude (Column 2), perception
of business conditions (Column 3), and personal finances (Column 4). “Homeowner” indicates a dummy for the respondent
being a homeowner. We control for the respondent’s gender, education, birth cohort, homeownership, marriage status, region,
income quartiles, and time-fixed effects. Robust standard errors are reported in the parenthesis. ***, **_ * denotes statistical
significance at 1%, 5%, and 10% levels respectively.

where Yj; = {HomeBuy;; HomeSell;;; Business;;; Finance;;}. The control variables X;; are re-
spondent’s demographic fixed effects including gender, education, birth cohort, marriage status,
region, and income quartiles, which is the same set of fixed effects in our baseline specification.
We include time-fixed effects {; to control for aggregate business cycles. A statistically positive
coefficient for the homeowner dummy suggests that homeowners pay more attention to interest
rates compared to renters.

Table B.6 reports the coefficient estimates. Columns (1) and (2) show that homeowners have
a significantly higher probability of reporting interest rates as one of the reasons affecting their
home-buying and home-selling attitudes respectively. Column (3) reveals that homeowners are
more likely to recall news on interest rates related to changes in business conditions. Column (4)
suggests that the same result holds for personal finances. In summary, this evidence shows that
homeowners pay more attention to information on interest rates and are more likely to use this

information in their assessments of macroeconomic conditions.

Appendix B.4. Evidence from American Time Use Survey

This section provides corroborating evidence that homeowners are more attentive to macroe-
conomic developments than renters based on analysis with ATUS. The ATUS collects data on the
time that an individual spends on various activities during the day. The sample of ATUS is from the
eighth outgoing rotation group of the Current Population Survey. Therefore, each individual in the
ATUS is surveyed once. The ATUS has information on an individual’s time spent on finance-related
activities, which is a natural measure of households’ attentiveness to financial markets and macroe-
conomic developments. In addition, the ATUS has respondents’ socio-economic characteristics

including homeownership and other demographic attributes. Therefore, the data allow us to analyze
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the association between homeownership and attentiveness to economic conditions. The ATUS is a
monthly survey beginning in 2003. Hence, the sample period of our analysis with ATUS is from
2003:M1 to 2020:M12.

We consider two types of activities, “financial management” and “purchasing financial and
banking services”, to measure their attention to macroeconomic developments. Activities in financial
management include trading and checking stocks, researching investments, paying mortgages,
checking cryptocurrency or bitcoin balance, and so on. Activities in purchasing financial and
banking services include applying for a loan or mortgage, talking to/with a loan officer, meeting
with a stockbroker, insurance agent, bank manager, etc?*

We consider the following linear regression model:
Y; = a + B1homeowner; 4 0X; + €; (B.2)

where Y; = {Time;; E;; N;}. Time; is individual i’s time spent on financial management, E;
denotes the indicator of respondent i’s participating in the activity, and Nj; is minutes spent for
financial management conditional on reporting nonzero minutes for the activity. Notice that E;
is the extensive margin of financial management which takes value 1, if an individual reports a
nonzero minute for financial management, but is zero, otherwise. The notation N; is the intensive
margin and takes always a positive value. Individual characteristics, denoted by X;, include gender
(female), age (16-24, 55 and over), race (white), education (high-school graduation or less, some
college and associate degree), labor force status (unemployment and out of the labor force).?
Table B.7 reports the coefficient estimates. Being a homeowner raises the probability of engaging
in financial management and also time spent on financial management among those who engage
in the activity with statistical significance (Panel A). Similar results are obtained if we replace
the dependent variable with time spent for purchasing financial and banking services (Panel B).
This result suggests that homeowners are more likely to engage in activities that expose them to
current macroeconomic conditions and interest rates and also to spend more time on these activities.
All told, this direct evidence from ATUS confirms that homeowners tend to pay more attention to
overall macroeconomic conditions than renters, corroborating why homeowners’ expectations of

the macroeconomy are more sensitive to interest-rate changes than others.

2The ATUS may understate time spent on financial management and purchasing financial and banking services
because the ATUS surveys the respondent’s primary activity only. If an individual checks stock prices while working or
watching TV, this activity may be classified as “working” or “TV watching.”

2>We consider a linear probability model for the extensive margin as the baseline. We further consider a logit and
probit model for the extensive margin, but the overall conclusion is the same as that from the linear probability model.
Our results are robust once we control for occupation, region, and/or time-fixed effects.
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Appendix Table B.7: Homeownership and time spent on finance-related activities

Dependent variable (1) Extensive (E;) (2) Intensive (N;) (3) Time (Time;)

Panel A. Financial management

Homeowner 0.0076*** 4.6085"** 0.5331%**
(0.0010) (1.7788) (0.0810)

Number of obs. 219,368 8,583 219,368

R? 0.0084 0.0366 0.0064

Panel B. Purchasing financial and banking services

Homeowner 0.0029*** 0.6366"** 0.0636***
(0.0010) (0.7869) (0.0228)

Number of obs. 219,368 5,618 219,368

R? 0.0020 0.0366 0.0008

Notes: This table reports the estimates of 81’s from Equation (B.2). Panel A shows the results when we use time spent on
financial management as the dependent variable. Panel B shows the results when we use time spent on purchasing financial
banking services as the dependent variable. In Column (1), we use the indicator of respondents participating in the activity
(extensive margin). In Column (2), we use minutes spent for the activity conditional on reporting nonzero minutes for the activity
(intensive margin). Lastly, in Column (3), we use the total time spent on the activity. “Homeowner” indicates a dummy for the
respondent being a homeowner. We control for the respondents’ gender, age, race, education, and labor force status. Robust
standard errors are reported in the parenthesis. ***, **_ * denotes statistical significance at 1%, 5%, and 10% levels respectively.

Appendix B.5. Evidence from the Indirect Consumer Inflation Expectations

Hajdini et al. (2024) propose a new indirect way to measure consumers’ expectations for inflation
over the next 12 months based on indirect utility theory and a novel survey. The survey asks a
representative sample of about 20,000 adults in the US about how their incomes would have to
change to make them equally well off relative to their current situation such that they could buy
the same amount of goods and services as they can today. For the question, the individuals in the
sample receive consumers’ expectations about the developments in the prices of goods and services
during the next 12 months. This survey is conducted weekly and is implemented through Morning
Consult’s proprietary survey infrastructure.

The data have limited disaggregate information. Unfortunately, information on home ownership
and mortgage-holding status is not available. However, the data have inflation expectations by four
age groups—18-34; 35-44; 45-64; and over 65. Given the data limitation, we use the grouped age
information to infer the effect of homeownership on the degree of attention to macroeconomic
conditions and monetary policy. Individuals aged 18-34 are likely to be renters, those aged 35-44
and 45-64 are likely to be current buyers or homeowners with mortgages, and those aged 65+ are
likely to be homeowners without mortgages.

We use errors in current inflation perceptions and inflation forecasts to proxy the degree of

attention to macroeconomic news. We examine whether individuals who are likely to be homeowners
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Appendix Table B.8: Root mean squared deviations from CPI inflation of current month and one-year ahead by age
(percentage point)

18-34 35-44 45-64 65+
[1] Current month (t) 2.28 1.48 1.57 2.11
[2] One-year ahead (t+12) 2.75 1.69 0.98 0.97

Note: The perception error is the difference between reported inflation forecasts and year-over-year percent change in
headline CPI of the current month. The sample period for the perception accuracy spans from 13-Feb-21 to 30-Dec-23.
The CPI data are available through December 2023, so our analyses end in 30-Dec-23. The prediction error is the
difference between reported inflation forecasts and year-over-year percent changes in headline CPI 12 months from the
current month. The sample period for the perception accuracy spans from 13-Feb-21 to 29-Dec-22.

Source: CEBRA website (https://cebra.org/indirect-consumer—inflation-expectations)

and those who are likely to hold mortgages have better inflation perceptions and forecasts than
others.

We compare the weekly inflation expectations in the next 12 months against the year-over-
year CPI inflation of the current month (t) and 12 months ahead (t+12). The current-month price
changes are also considered, although the CPI inflation one year ahead should be the right point of
comparison. This is because Hajdini et al. (2024) note that the ICIE largely reflects current inflation
expectations. The sample period of this analysis is from 13-Feb-21 to 30-Dec-23.

Table B.8 reports the root-mean-squared deviations from the CPI inflation of the current month
and one year ahead by age. The first row reports the deviations from the current CPI inflation.
The average difference is smallest among individuals aged 35-44, followed by individuals aged
45-64. The average deviation from the current-month inflation is quite large among individuals
aged 65 and over. The second row reports the deviations from the CPI inflation 1 year ahead. The
average difference is the smallest in the group aged 45 and over. Individuals aged 45-64 have weekly
inflation expectations, of which the differences from the current and one-year-ahead CPI inflation
are consistently small, relative to other age groups. Considering that this age group is likely to be
homeowners and to hold mortgages, we tentatively interpret that homeowners, particularly those
with mortgages, are likely to pay more attention to inflation than others.

However, one caveat of this analysis is that we do not separate the cohort effects capturing
individuals’ inflation experiences, which is important in the formation of inflation expectations
(Malmendier and Nagel, 2015). Since the data have limited information on households’ attributes,
controlling for the individual inflation experiences is not feasible. Including more comprehensive
individual attributes in the analyses on high-frequency inflation expectations can be pursued in

future research.

16


https://cebra.org/indirect-consumer-inflation-expectations

Appendix C. A full-information rational expectations model

In this appendix, we present the equilibrium conditions of the model with full information

rational expectations.

Appendix C.1. A system of nonlinear equilibrium conditions

¢ Homeowner

$Co = PS? (€.
ce 1
1+ ¥pb? = BRLE t C.2
lpb t ﬁ tLt C?+1 Ht—i—l] ( )
I cy o1 (( Py )
—t _(1-0)=8E t 1)1 —79)+6RM
Qr ( ) =PEi Cioq T \\ Qt41 =7 '
_ a0 oy Mt (pF oM\ B Per1 1 F M
0C; {(1 ¢7) Do (Rt Rt71> B(1—)E: DY Ty (Rt+1 R} ) }
(C.3)
0 if ARM Cd)
Kt = Do , .
BE (1= ¢9u1) jes — i cb- | ifFRM
0 D?—l 0
Dy = (1-7) 1, + L} (C5)
D¢
My = (RM; —1+7) T (C.6)
L? = 0Q:H; (C.7)
o LY
P = W (C.8)

0 R;_
C} + P;S} + Q¢H; + b} + l%b (b?)2 = W;N° + rtI—tlb;Ll + PiS;+ LY — M]  (C.9)

* Renter
cr 1
1 = BR;E t (C.10)
pRits C:fr+1 Hfﬂ]
pCi = P}S; (C.11)
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* Mortgage lender

cl 1
1 bl = BR,E t C.12
+ by = PReE; Czlf—l—lHH'l] (C.12)
2 R,
Cl+bl+ % (bi) + L= WiN' + WINYH Dl M+ @) - T, (C13)
t
cl o1
Appr1 = =+ (C.14)
1 1 1 1l
— — BRME, | — =t (RE_RM ) (1— ¢!
Cg IB t t [CLA HtJrl Dg < t t71> ( 4)t>
I
a1 Py 1 F M
B(1—)E Dl T (Rt+1 R! ) (C.15)
l 0 if ARM
BE; {C,—fntlﬂ +ul o (1- gbﬁﬂ)] if FRM
Ll
l t
P = L (C.17)
M;
¢ Construction firm
Qi =W/ (C.18)
¢ Non-construction firm
* € Zl t
_ L1t 1
Pr= e 12,, (€19)
Z1s = WiY; + aBE; [At,t+1zl,t+1 (Ht+1)8+1] (C.20)
Zoy = Ye+ aBE; [Apsi1Zo 11 (Tpg1) ] - (C.21)
* Equilibrium and market clearing:
A°H; = M NEH (C.22)
NSy = A°S0 + ATSE (C.23)
S, = H; (C.24)
0= AbL+ A0 + A"D} (C.25)
C = ACL+ A°CY + A CE (C.26)
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2
vieco B (M 0) e R o) e e

N = Y5, (C.28)
E=0—a)(p;) " +a(ll) E_ (C.29)
I = (=) (pi1) 4o (€30)
)\ILI — )\OLO (C.31)
AME = A° M (C.32)
AD! = A°DY (C.33)
Nl = / (PtT(:)Yt (i) — w;NE (i)) di =Y; —wN (C.34)
T, — @ (C.35)

and
N = AIN' + A°N° + A'N”

* Monetary policy and mortgage rates

R R A\P /11, (1-P)dr
%:(%) (ﬁt) exp (&;—x) (C.36)

oM R; if ARM 3
t .
(1—¢?)RM, +¢?RE if FRM

37 Variables and 37 equations

— Real allocations: (13 variables)
{cl.co,Cr, Ci 87, 81, 81 Hi, Yi, @, Ti, Aoy, Ay |

— Bonds: (3 variables)
!
{el, 0,07}

— Prices and interest rates: (13 variables)

{ptsl QfRfl RN, RtF/ Wl’/ WtI_I/ Htt P;(/ Zl,t/ ZZ,[’I Etl At,t+1 }
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— Mortgages: (8 variables)
Ml Ll Dl ) 0 0 0 0
t- Lt, D, o1, My, Ly, Dy, ¢y

Appendix C.2. Non-stochastic steady-states

In this subsection, we define a non-stochastic steady-state equilibrium of the baseline model.
We first fix N = 0.3, N! = 0.8N, and N*H = 0.2N which implies about 5% or workers work
for construction sector. We consider the model with zero net inflation steady-state (I1 = 1). Then,
Equations (C.19), (C.20), (C.21), (C.19), and (C.19) imply that p* = 1, & = 1, W = &=
71 = ﬁVVY, and Z, = ﬁw where Y = N from Equation (C.28). Also, from Equations
(C.27), (C.34) and (C.35), we have T = &' = & (1 - W) Nand C = Y — A'T.

We assume the steady-state consumption for homeowners and renters are the same (C° =
C" = C°) and the steady-state bond holdings are zero (b° = 0" = b = 0). We calibrate the
population share of mortgage lenders A to match the ratio of personal consumption expenditure
(PCE) excluding housing services to disposable income ratio (%) of 0.59 observed in the data.
First, observe that Equation C.22 implies the steady-state housing stock H = )/}o NYH . Note that
we set A° = % (1 — Al) to match the 2/3 of homeownership ratio observed in data. Also, from
Equation (C.24), we have S = H. Then, we take the ratio of PCE excluding housing services to

PCE housing services (% = 4.7) from the data and set C°" = %75 Cfr Al - NEH . Now, we find

Al which satisfies < WN = 0.59. We get C! = %C — (1 )U) C from Equatlon (C.206).
The steady-state nominal interest rates and mortgage rates are derived from Equations (C.2),

(C.15), (C.37), R=RM = RF = %
Then, from Equation (C.3), we have the steady-state rent-to-price ratio of 1 (P° = Q).
Now, we calibrate 1 to match %r = 4.7 as following. First, from mortgage lenders’ budget

constraint (C.13) and Equations (C.31) and (C.32), we get

C' = WN'+ WHNM T+ ! — I
_WNZ—FWHNZH—'-A MO AOEO
Al A

— WN' + ?j (Hi(%_l))QH

where we use Equations (C.5), (C.6), (C.7), (C.18), and (C.22) to derive the last equality. From this,
we can get Q. Second, from Equations (C.1), (C.11), and (C.23), we can get

A Q
1-AC°
S

l/]:
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Then, we get S° = §" = gl)%, L° = 00QH, D° =

using the homeowners’ budget constraint (C.9), we get

L% and M° = (l -1+ 'y) D°. Then,

1
v B

N° — % (Co+p55‘0—EO+M0>,

Lastly, Equations (C.8) and (C.17) imply that ¢° = (,l_Jl = Lrv, and Equations (C.4) and
I-
(C.16) imply that

0 if ARM
:l/_lo = ‘3 Do
— m F if FRM
I 0 if ARM
o= B D .

Appendix C.3. A system of log-linearized model equilibrium conditions

In this subsection, we derive the equilibrium conditions for the log-linearized model. We denote
small letters as the log deviation from its steady-state (x; = log X; — log X).

¢ Homeowner

0 = pi + s (C.38)
wbob? = C? — Etc?—l—l + 71— Etﬂt+1 (C39)

) — Epc) q + 1M — By + ,Bl_T”Et (PP — qi41]  if ARM

1 _
g (Pfs - qt) =1 ¢ — Ectyq + M — Bt + B2 Ee [Py — Ge41]
_% () —ri = BE: [r —714]) if FRM
(C.40)
dy = (1—) (de—1 — 71¢) + 17 (C.41)
1
o [13 Mo +d - (C.42)
pTY
19 =g+ hy (C43)

_ o _ _ 1 _
Coc) + P55 (p + ) + QH (q¢ + hy) + b = WN w; + gb?—l + PS5 (pf + st)

IO — WO (C.44)
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e Renter

r r
0= Cy — EtCtJrl + 71— Etnt+l

r o__ S r
Ct = pi +5¢
¢ Lender

1 I [
Yyby = ¢ — Excyq 410 — EyTlig

M _ F
ry =

0=

(C.45)
(C.46)

(C.47)
if ARM

1— .
ch — EtciJrl +rM — Byt + le—v) (rf =M, — ,BEtrtFJrl —rM) if FRM

1

Clel + bl + L' = WN'w; + WHENVHpH 4 ;

¢ Firms

H
Wy = qt

b 4+ Ml + ool - TT,

7t = BEttq +

* Equilibrium and market clearing:

hy =0
A°Ssp = A°S%89 + A'S's]
St = ]’lt

0 = A'bl + A°b + ATD}

Cer = AClel + A°CO0 + AT CT e}

ny = CCf + )\ZTTt

yr =0

!

lt:lf

mh = m?

< W

ol = — =W
FT T oW
T, =&l
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(C.51)

(C.52)
(C.53)
(C.54)
(C.55)
(C.56)
(C.57)
(C.58)
(C.59)
(C.60)
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* Monetary policy and mortgage rates

re=pfrea 4 (1= %) gurts + e (C63)
r if ARM
M=<" (C.64)

(1—v)rM, +9Rf if FRM

» 27 Variables and 27 equations

Real allocations: (11 variables)

I o .r 0 F1
{Ci‘lctlCflctlstlsflstlhtlyt/¢tlTt}

Bonds: (3 variables)
{el, b, b7}

Prices and interest rates: (8 variables)

s M _F H
{ptl qtrl‘/ rt /rt/wi/ wt ,7Tt}

Mortgages: (5 variables)
{1, 12,7}

Appendix D. The baseline model with rationally inattentive homeowners and renters

In this section, we derive decision problems for rationally inattentive homeowners and renters.
We formulate the dynamic rational inattention problem (DRIP) of homeowners and renters in a
Linear-Quadratic-Gaussian (LQG) setup to use the solution method developed in Afrouzi and Yang
(2021). The approach used to derive the DRIP of homeowners and renters in an LQG setup parallels
that of Mackowiak and Wiederholt (2023).

Appendix D.1. Second-order approximation for homeowner’s utility
Notice that a homeowner’s problem is as follows (we omit an individual i-index for a notation
simplicity):
o0
max Eo Z Btu (CY,S9)
t=0

{chsem9,L8.0p,}
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subject to

Co Py b0+ P e = wane + Retpe LB gy 1
2 I 1" e\Q
{1
- (Rﬁl _1+7> 11,
Lo Lo
M _ M F
RM = (1 — D—i?) RM, + D—%Rt

0

D
Df = (1-7) 2+ L

First, using the constraints for the optimization problem to substitute for consumption and housing
services in the utility function and expressing all variables in terms of log deviations from the
non-stochastic steady state yields the following expression for the period utility of the homeowner

in period t:

_ _ 1_
f(xt,z{) = log {ZDN" exp (we) + Rexp (ri—1 — 71) b_y + 5 D% (exp (p; — q¢) — (1~ 6)) exp (df)

(11— R
—D° ( 7 (exp (b} — 1) = 1) + R exp (r%)) exp (i1 = m)

-5 exp (pf +s) — b0 - 2 () } + 4 (57 +log ()

_ m% exp (p7) ((1 —q)exp (&0, —df — ;) <exp (r%1> ~exp (rtp))

vow (1) e (1))

where x¢ = (b9, d?%s¢, u;)" denotes a set of choice variables and z§ = (7, wy, p§, g, r1—1, 7™M rf)
denotes a set of state variables at time t. Let oy = (X7, z{, 1)/.

Now, define
g ({002 img) = L BF (20 20-0,20)
t=0

Suppose that homeowner knows in period —1 its initial bond holdings (b° ;) and debt holdings
(d% ;) and s° ; = u_q1 = 0. Suppose also that there exist two constants 6 < 1/ and such that, for
each period t > 0, forall m,n € {1,2,---,11}, and for T =0, 1,

E_1|omtontir] < 8'A.

Then, Proposition 3 in Appendix of Mackowiak and Wiederholt (2023) implies that after the
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second-order Taylor approximation of f at the non-stochastic steady state, the loss in expected
utility when the law of motion for the actions differs from the law of motion for the optimal actions
under perfect information is given by
o0 1 , ,

L BE1|5 (= xt7) O (xf —x7") + (&f —x77) O (711 — i)

where ©j is defined as the Hessian matrix of second derivatives of ¢ with respect to x? evaluated
at the non-stochastic steady state and divided by ,Bt,@‘{is defined as the Hessian matrix of second
derivatives of ¢ with respect to x{ and x7_ ;evaluated at the non-stochastic steady state and divided
by B!,and the process { X"} is defined as the sequence of actions that the homeowner would take if
it had perfect information in each period ¢ > 0. In our setup of homeowner’s problem, @ and ©f

are given by:

B @) () (@) &
o= @) oep) (&) 1) &
-Z. $2, ~p(1+y), 0
0, 0, 0, 0
@), (&) & o
o= | (&) o (B). ko
0, 0, 0 0
0, 0, 0 0

Also, the optimal actions under perfect information, { x7* }:0:0, is defined by the initial condition
X = (b4,d°4,0, 0)’ and the optimality condition

E: [05 +O% 1 X7 + Ogxy ™ + Oxy + Phzf + Plzf 4] =0

where 6 is the vector of first derivatives of ¢ w.r.t. x7 at the non-stochastic steady state, ©®° ; is
the matrix of second derivatives of ¢ w.r.t. x{ and x_; at the non-stochastic steady state, &®j is the
matrix of second derivatives of ¢ w.r.t. x7 and z{ at the non-stochastic steady state, and ®f is the

matrix of second derivatives of ¢ w.r.t. x{ and z7 ; at the non-stochastic steady state. In our setup,
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these objects are defined as follows:

2 2
1(1 1(1 o
B(@)Z' (&) R
0 —1(L) p, (L 0, 0
0%, = P Cj/} B \C) ’
1 1,,D°
B@/ _BKPF/ 0/ O
0, 0, 0, 0O
2 2
Yo 1 1 1 N0 1 P
12 Ao 1 b2 1 D°
@ — (&) (1+4), —(Z)(1+3)., & o
4 D°
— o P& —¢p(1+9) 0,
0, 0, 0 0,
2 2
@) (@) &
co) v co row Y
2 ~\2
1 ~No D° D°
or— | ~(&) D (&), —v& o
0, 0, 0 0,
0, 0, 0 0,
b@)en (e (@) Gee, (@) o (@) e '
o = (&) (&) oew, (o) E-3(&) & +I(E) o pE(EFrda) &
1ypD) RN -(1+y-F5%) -7 0 ~ Lyl 0
BY<C c v [l preo y
’ o 0 0 o (I & e &
G (@fe (@PGe e (e w a)e :
No No N0 . 170 0 no — 0 0 — nNo no 1— 1— 0
wo| BBY) @Voew BGE-C)W) BGE-CR) b BB S E
0, 0, 0 0, 0 " 0
0 o 0 0 T=piy) 60 0
Then, we now have
Tt 741
0,% 0,% 0,% s s
by~ b bt+1 Pt P11
t -1 0,% 0 0,% 1 0,% 0 1 - Y-
P q My i1 rt—1 Tt
0,% 0,% 0,% M M
Si—1 5¢ St+1 "1 T
F F
i T 1 T i
(D.1)

Notice that from the log-linearized budget constraint of homeowner, we can derive the homeowner’s
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consumption in the full information model as follows:

_ 1 ho (1 Y
Coct = 30—ty =D (i, - ) + N+

Then, we can derive each entry of the matrix equation (D.1) as follows:

S

D (55 = 1) ~ 4" (5} + p7) = 50" (1t = ).

* The first entry is
PpbY" = cf —cfq 1 — T
* The second entry
% (Pf—aqe) = ¢f — ¢ + (rgw - m“) * ﬁl_Tv (Pia = i)
e () s ()
* The third entry
7+ pi =i
* The fourth entry
= Q- +ary

Now we have

* 1 * * * * Y e 1 =
o= & {ﬁho -t — <‘Bd” —dy ) §d (pi —qt) + ON°w; — BDU (r?fl - m) —C (s + pf)} (D.2)
" 1 o (1 'y - 1 -
o = o {ﬁbo byl —D° <‘Bd d?ﬂ) r] d(piy1 — Ge1) + ONwpyq — BDG (wa - 7Tt+1) = C (sp + P?ﬂ)}
Then,
Yol = et = ey + (re — ) (D.3)
1 * * 1- Y 1- v
2 (P —qe) =" — iy + P—— (Pic1 — qe1) + (Vfw - 7Tt+1) T1Sgi-7) (<7M1 - ’tF) -B (rfw - ’tFﬂ)) (D4
& =+ pi 3

Then, combine Equation (D.5) with Equation (D.2) to get

1 * * B 1 * *
(I+y)" == ﬁb" — b —D° (E t—l_dt>+

o=

_ _ 1 -
D (pi — q¢) + WN°w; — Ed <rf\f1 - m)}
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which implies

t+N

- 1 N =0 10.% 1
C (1) Y e = g (07, - D) — g (1t~ )
+

s=t
N (1,0,% N0 70,% 7
-p (bt+N_D dt+N) :3 d <7t+N 7Tt+N+1)
t+N t+N t+N

7dZﬁ“(Ps—qs) Zﬁs tws—dZﬁ”( _7Ts+1)
Taking the expectation E; [-] and the limit as N — oo and using the transversality condition, we get
C (L g) LB e] = 5 00— D) = 5 (- )
+ D“i FE [ (pE—as) = (M = 7o) | + :é B Ew, (D.6)

Now, using Equation (D.3) and the law of iterated expectations, we get

¢ty ="+ (1 — 1) — by
Cyry = ¢ A (e — 1tip1) — Wb + (i1 — er2) — Yubyy

Cyrg = ¢ A (re — 1) — Wby + (g1 — er2) — Ypbyy + (12 — ia3) — bl

YR ) = g+ g DB~ ) — )

Then, combine Equation (D.3) and (D.4) to get

LB E (] = e+ g LB B (s~ ) — 9402

! ¢ = ,Bi “E; [ ‘7s)_51 7(Ps+1 5Is+1)]

7[3 ;
rilp e fE{ ) =y () - (2 )]
Then, by combining Equations (D.6) and (D.7), we have

(b — Do) — (b0, — D°d%,) = @N° ( 1-p Y ﬁs‘tEth> D (r) — i)
s=t
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—ept T w)) i — a1

iy

+(D° (1= B) + CB(1+)) Zﬁs%[( ~ 7o) =5 (P8 - a) |

€ (1) T2 s T (= T) (=1L

=2

“=

Then, we now have a system of four equations

* 1-—
Poby™ = 5 (7 =) + (= 1) = B (piy — gen) — (r = 7 )

gy (M=) =B ()

|~

(b — D°dy™) — (b, — D°d]™)) = wN° (wt —(1-p) Zﬁs_tEtws> —D° (rf‘fl — m)
s=t

n (gDO - COﬁl_TV (1+ ¢)> (Pt —at)

(D (1= B)+CB(1+9)) 2“Et[(réw—nsﬂ)—g(pf—qs)}

_c0(1+1p) ﬁ i . tEt[(?ﬁl—VD—ﬁ(réw—rfﬂﬂ

1 _ _ - - _ 1-
5 (007 = D) = (" = D) = CO (L4 9) 50" = ~ 1 (91— ) — o'y + d (1}, — )

i)

+C(+9)p;

and
— M F
= (1 =)l + 97,
which characterizes the homeowner’s optimal allocations under the full information rational expec-

tations.
Now, we can use a change of variables approach to derive a DRIP which is applicable to solution

method in Afrouzi and Yang (2021). Formally, we use Proposition 4 of the appendix in MW (2023)
to show that

t=0

) 1 . ~ ' ~ os
SWAHCEESEAERES

t=0
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In our model setup,

and

o —(H)HE) o
0 o () ()

To show this, the the loss in expected utility when the law of motion for the actions differs from
the law of motion for the optimal actions under perfect information is given by:

1 ! *\' *
5 O =xi") O3 (xt —xi™) + (Xt = xi) ©F (xta1 — x71)

ZCU 1t _xlt
1/ 1 1\ /., o \2
“3(rvg) (&) (a-0)
1 y LN? (oo com
() (&) ()
_|_1 <1> (1)2 |:(( 0 _bo,*)_Do( N ))2_1((bo_bo,*)_Do (do_do,*))Z
2 \1+ Co t+1 — P t+1 T G g\t T t —
1 1/1)\2 i} o o 1 o 0.5 ~0 /10 o
5 (15) 5 (&) [@-gn - @-anr- g - wr) -0 @ - a0y
1 ? * ~NO [ 40 0,% ~ %
- 1171/] <C_f0> [((b(t) - b?' ) —D° (d} — dy’ ) (x3,t+1 - X3,t+1)}
1 ? 1 0,% ~NO (40 0,% = <k
+ 1:1_]#] (C_f’) [5 ((bf_y —b7")) + D° (dy_y —d}"))) (%as — x3,t):|
1‘/) 1 2 0 0,% ~NO [ 40 0,% ~ <%
- m <C_0> [((bt —by") — D% (d —dy7)) (x3,t+1 - x3,t+1)]
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—5T% <1+ )(C—lo) ;(fg,ﬂl f%H)Z
78 (1) (&) [0~ - A0t )]
e (125) 5 (&) T ) - i@ -]
T lP 1 2 0 0,% 7 (A0 0
(&) (08 =-1) — 0@ =) (fara = B

Taking the expectation and taking the limit as T — oo,

= 1 *\/ * o~ *
Y85 08— 1) @00 — )+ (00 —x) €8 (i — )]
t=0 L

t=0
where
b
—Gor 0 , 0
0 __ 0 (L \1(L 0
@ —_— 7 1+1P ’B CU 7
2
P 1
0, 0, () (&)
and
by
= (b7 —ddf) — (bf") — dd;_4)

(b7 —dd;_y) — (b —dd}) = C (1 +¢)s7"

1

B )

% [l (pi —q) + (re— 1) - 5 L (Pi1 — a1 +% (M =rf) =B (" =iy
(D° (1 ﬁ)+C”/3(1+lP))Zs B E (Y = o) = F (P8 — )]

—C°(1+y) £ ﬁ(] 7 p X B E [(hMy — ) = B (¥ =)
—4d (p} — q1) — ONw; + 5d (1, — )+CO 1+9)p;

1 1 _ 1
R S R Y » U (d* —d*> +
t (1+1P)C0 ﬁtfl t ,B t—1 t
& = 5"+ pf

|2

p
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ON° (wr = (1= ) L2 B Erwos) = D° (1} — ) + (§0° = COBYGE (14+9)) (9 —a0)
+

_ _ 1
D° (p; — q¢) + @N°w; — —D° (rt 1— m)}



Appendix D.2. Second-order approximation for homeowner’s utility

Notice that a renter’s problem is as follows (we omit an individual i-index for a notation

simplicity):

maxEy Y~ B'u (C, S})

R
s.t. Cf + pPSL 4 b} = wNJ + ﬁ—lb;,l
t

First, using the budget constraint for the renter’s optimization problem to substitute for consumption
and housing services in the utility function and expressing all variables in terms of log-deviations
from the non-stochastic steady state yields the following expression for the period utility of the

homeowner in period t:

f (x5, 25) = log (w exp (wr) N + Rexp (111 — ) bf_; — p°S" exp (pf +57) — b¥>

+ 9 (s +1og (5"))
where x} = (b}, S;)/ and denotes a set of choice variables and z] = (7t¢, wy, pj, 1—1) denotes a set
of state variables at time t. Let ¢ = (x1,2},1)".

Now, define
({12} is) = LB (i i1, 20)
t=0

Suppose that renter knows in period —1 its initial bond holdings (b" ;). Suppose also that there
exist two constants 6 < 1/ and such that, for each period t > 0, forall m,n € {1,2,---,11},
and fort =0,1,

E_4 ‘Qm,th,H—T‘ < A

Then, Proposition 3 of MW (2023) appendix implies that after the second-order Taylor approxi-
mation of f at the non-stochastic steady state, the loss in expected utility when the law of motion
for the actions differs from the law of motion for the optimal actions under perfect information is
given by

Optimal actions under perfect information: {x}*},- , with a initial condition x""} = (" ,, O)/
and

Er [0+ ©7 2", + Ohxy™ + @hx(, + Pl + Plzf,y] =0

where 66 is the vector of first derivatives of ¢ w.r.t. x} at the non-stochastic steady state, @r_l 18
the matrix of second derivatives of ¢ w.r.t. xj and xj_; at the non-stochastic steady state, &j is the

matrix of second derivatives of ¢ w.r.t. and z} at the non-stochastic steady state, an is the
trix of d derivat f ¢ wrt. xj and z} at th tochastic steady state, and @] is th:
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matrix of second derivatives of ¢ w.r.t. x} and zj_ ; at the non-stochastic steady state. In our setup,

these objects are defined as follows:

2
o, = %(f? ' 8
B Ci’
2
o= [ (@) (1+3), &
-& —p(1+9)
o= (#) ¢
0, 0
o 0 (F) e -
"o whan, g, o
o = ~ % _<CL>ZWN’ & &
0, 0, 0, O

Then, we now have

b+ b+ bl Tt TTt41
r t—1 r t r t+1 r r _
E; ®—1 7% + ®0 7% + ®1 T,% + CI)0 p? + (I)l qdi+1 =0
Si—1 5 5141
Tt—1 Tt

(D.8)
Notice that from the log-linearized budget constraint of renter, we can derive the renter’s consump-
tion in the full information model as follows:

171 .
& =& [Eb?*l — by +@N"w; — Cy (p +577)

Then, we can derive each entry of the matrix equation (D.8) as follows:

* The first entry is

T,x r,x
0=c" = ¢y + (1 = i)

* The second entry is

_ 1 _ _
C" (st +pi) = bty — b + @N"w; — C'¢p (s + p})

p
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Now we have

= G | g~ U AN = Cp i ) 09)
= é {%b:* — byl +oN"wi 1 — Ciy (piyq + S::l)]
Then,
0=cy" —cyy + (1 — ) (D.10)
" =8 +pi (D.11)

Then, combine Equation (D.11) with Equation (D.9) to get

_1

C A+’ =g

b:’jl — b:'* + wN’wt

which implies

_ t+N 1 _ t+N
C'(1+y) ), Pl = Eb{i‘l +oN" Y B ws — BB
s=t s=t

Taking the expectation E; [-] and the limit as N — oo and using the transversality condition, we get

00 t+N
C(1+y)) B 'E[cl] = %bj'*l +oN" ) B w, (D.12)
s=t s=t

Then, using Equation (D.10) and the law of iterated expectations, we get

C:,* — C;‘,*
cyip = ¢+ (re — M)
(Fe41 — TTr42)

(rt41 — T12) + (rr42 — 7T143)

rx Tk

o =0¢ + (re — mpy1) +
r,x Tk

iy =c/ + (re — m41) +

_ 1 [3 _
s—t % 7% s—t
,B E;ilc/"| = ¢+ ,B Ei|rs — 7 1
Szt [S] 1 5t 1 5; [5 S+]

Tk T,x
0=c/" —Ewcy;; + (re — E¢7ti41)
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¢ ="+ pi
C_T vk ]' ]' b?’,* - b}’,* —NV
T gy \pm T TR

Then, we now have a system of two equations

1

gV = b = C (L g) s/ = CT (14 ) i — Ny

Tk 1Tk
bt bt—l

N (o]
oN’ (wt —1-p Y ﬁs—fws> +HC A 9)BY B E s — ]
s=t s

=t
which characterizes the renter’s optimal allocations under the full information rational expectations.
Now, we can use a change of variables approach to derive a DRIP which is applicable to solution
method in Afrouzi and Yang (2021). Formally, we use Proposition 4 of the appendix in MW (2023)

to show that

© 1 ’ ’

2P {5 (Xt =xt") O (xf = x7") + (i = &) 1 (xher — X:’il)}
- t 1 ST ~T,% "=y o ~T %

SWAHCEESCICEE D

In our model setup,

fpwm:< (b — ") — (b — ) )
f 5 (0 = 07")) = (b = b7") = CT (L +¢) (5] —s77)
and 2

(&) °

o ()

To show this, the the loss in expected utility when the law of motion for the actions differs from

N———
>l

& — _<ﬁ

the law of motion for the optimal actions under perfect information is given by:
1 ! * Y *
5 O =xi™) € (xi = x™) + (6 = x1") O (X — xi)
1/ 1 1\ /., )2
~ T 2\1¢ Cr <x1,t+1 - xl,t+1)
1/ ¢ 1N 2
2\1+9)\C (xlf B xU)
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2 (1) (&) [z 2wy
+5(15) 3 (Ci)z 08— 5 (b -0’

1 2 * - % 1 . N s
1 ‘lfﬁb (5) {( t—b7) (XE,tH B xg,t+1) B B (bi_1 — b)) (xg,t - x;:t)}

1 v Sk __ 1.0 0,%
Then, using %20 — %55 = by — by

T
1 N ) ) )
Y6 3 06— O (1 = )+ (xf — xi*) @ (s — 25|

=0
1/1)° =7 )21 Y 1\? 7 5 2
B\Cr Yp T T21+g \Cr Yo ™ Xo
? =F STk 2
<x1,T+1 - xl,T+1>

2
(Vg — B,

t=0

I
ngls
=

|

N —
_

—_

‘H

7/ N\
—_
:

|
=
—~

+
o)
>\]

NI~ NI~k N
VR

-~ —
e

—_
“G +‘>—\
=
e e N e =
2
—_ N

\_/\_/\_/+

2
T %\ 2
w55 (1) 5 (&) )
2
v (1 o\ (= r,
8 (&) Er =8 (B - 35h)
Taking the expectation and taking the limit as T — oo,
00 -1 ,
Y-8 |5 06— @ 0xi = 1)+ (o~ ") (i — 270 |
t=0 L
@ T 1/ 1 \1/1)\? 2 1y (1) )
= bl (= Y[ _— Y > A 1 o
£ 5 ()5 (3) o) -5t (5) ()]
o '1 . _ ;L ~ »
S Lo -]
t=0 L
where )
(L)1 (L
O = ()3 (4) °
o ()
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STx b”/* - b:ikl

Xy = %b; . br* Cr (1 + I’IJ) Sr,*

( N (w; — (1= B) TEN 715 ) +C7 (14 9) BE B Er s — 73] )
C' (1+ ) pi — ON"w,
1

= * 1 * * —
e = gy (i o)

Appendix D.3. Solution algorithm
1. Let Uy = (&, €4-1,€0-2," ", 8th)/. Then, as in Afrouzi and Yang (2021), we define an MA

representation of the state space for the homeowner’s problem as:
Us = AU 1 + Qe

01x7, O . : . .
where A =M = T is a shift matrix and Q = ey isa (T + 1 x 1) vector

ITx1, OTx1
whose first element is one and others are zero.

2. We start by gussing{ 71y, p5, g, rf } as follows:

= GIHUt
i = G/pSUt
gt = G;Ut
rf = GIRFUt

Then, we get Gy, Ggr, Gzm as follows:

Ty = ,BEtn't—i—l + KWy

1 /
Gw:%(l—ﬁM)G

(1-w)(1-wp)

where I is an identify matrix and x =

ry = .DRT’t—l + (1 - PR) GrTte + €4k

= (1-M) " (9:Gx + Mey) U,
_ GLU;
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and

M =1 —y) M +rf
=G/ rm Ut

where

1. 1—9 \!
Gm=( I——M> Grr
R Py o R

3. Solve rational inattention problem for homeowners:

(a) Homeowner’s problem can be written as
o 1 o0
min B |5 (57— 5°) @ (7 - )] + A L1 (st 00
= t=0
s.t. 55? = G:)Ut
U; = MU;_1 + e
X = [%[77)

fo,t — fo,t 1 U x

Notice that in our setup,

1 - ~0 % ~ ~0,% 1 / 5
3 (=507 O (% = 5) = 5 (U~ Ur) Go67G; (Uy, ~ Ui

(b) Then, as shown in Lemma 2.4 a of Afrouzi and Yang (2021), the DRIP for homeowner

)

can be written as

min ) _ pf [tr (Qo t‘t>+wln<‘2t|t 1’) wm(‘zt\t
s.t.2¢ MZ|M —l—e1e1

b1

t|t71 B t|t =0

where £9, = var (U;|Z}) is the posterior covariance matrix given information set Z; for

tt —

homeowner, %9 = var (Ut| 1) is the prior covariance matrix, >~ denotes positive

tE—1
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semidefiniteness, and (0° = GO@OGg is the benefit matrix where

o=| o —()i(&)

oo ()

(c) The optimal action under the full information satisfies

(')ul _

¥

by
%= (l_’t“ —ddj) - (h?—_*l —dd;_;)
5 (077 —dd;_ 1) (b(’/* —ddf) = Co(1+¢) s
&b 5t (B — @) + (=) + gy (4 —oF) = B (M = 1E0))]

@N° (w; — ( ;3)25 (B Erwy) = D0 (ry — ) + (300 - COBLTE (14 9)) (5 — a1)
+(D (1 ﬁ)+C°ﬁ(1+¢))Zq B [(PM = ) = § (2 - 45)]
—C° (1+¢’)1 BT Zs B E (Y —rE) = B (Y = l)]
% O (it — ) — WDO(Pt q:) — WNothFCO (I+9y)p;

which implies that
f?’* = GgUt

where

1 (1 ,
1) =g { (0B ) (65 - )

+ <(GR — Ggm) + 1_}3(_17_” ((MGgm — Ggr) — B (Grm — M/GRf))> }
Go (:,2) =N° (1 —(1-p) (1- 5M/)*1) Go — D° (MGgu — Gy)

+ (gD —ept T ay w)) (G — Gy)

+(D°(1=B)+ CB(1+¢)) (1- M) " ((Gr—M'Gr) — 5 (G — Gy) )

= C (14 9) 2 (1 M) (MGrs — Gir) = B (G ~ MGy))

_ _ 1 - _
Go (3) == 4 (Gp — Gy) ~@N'Gy + 5 (MGx — Gr) +C* (1+4) G

0

(d) As © matrix is a diagonal, we know that the optimal action under the rational inattention
satisfies
<0 !/
X = GoUy,
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where Uy, = E [U¢|Z}]. From this, we can get {Gpo, Ggo, Gso }

by = G, (5, 1) Uy = G Uy

o 1 —1 . ! el
dr =5 (Gbo —(1-M)'XG, (.,2)) U; = GLU;

o 1 1 = , ) o
Sy m |:(BM — I) (Gho — de) - X GO (., 3) Ut = GsoUt

Note that using the Kalman updating equation, we get

Uy, = (I1-KY') Uy +KY'U;
(I-KY') AU;_y;_4 + KY'U;
{

(I-KY')A}*U, o 5+ (I-KY') AKY'U;_; + KY'U;

= KY'U; + (1 - KY') AKYM'U; + {(1-KY') A}’ KY (M')*U; + - --
= Z {(1-KY) AYKY (M) U
= X”Ut

where K = 22, Y (Y2 Y + £,) ' is the implied Kalman gain, £°, is the steady-

state prior covariance matrix, and Y is the signal matrix from homeowner’s DRIP. With

this, we also get Go using

cf = s; + E} [pi|Zi]
GéoUt - G;aUt + G;sUt‘t
Ge = Gyo + X7 Ge.
4. Solve rational inattention problem for renters:

(a) Renter’s problem can be written as

mmZﬁ —JZI*) Q" (x —in*}ﬁ—/\ZI(xt,xt gt 1)
s.t.xf = GLU;

U; = MUt_l + eq¢;

xp = E %7 |Z]]
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Note that

1. . N 5 1 .
> (% — %) ©(%] — %) = 5 (Ut|t — Ut) G,0O'G, (Ut|t - Ut)

(b) Then, as shown in Lemma 2.4 of Afrouzi and Yang (2021), the DRIP for renter can be

written as
mmZﬁ [tr (Qth‘t) +wln (‘Z:\tflb —wln (‘Z:\f‘ﬂ
s.LE ) = ME) M +ere
t|t—1 o t|t >0
where X7, = var (U¢|Z]) is the posterior covariance matrix given information set Z;

tHt —

for renter, X7 = var (Ut| 1) is the prior covariance matrix, >~ denotes positive

Ht—1
semidefiniteness, and Q)" = GrG)rG; is the benefit matrix where

O = _<ﬁ%)%<%>2 0
ok

(c) The optimal action under the full information satisfies

F brl* - ?:fl
t %b: br * Cr (1 + 1’0) Sr,*

__< ON' (w; — (1 - B) LY B >+CW1+WﬁZQm“%N%—mH]>

¥

(')||H

) C" (14 4) pi — Ny
which implies that
5 =GU;
where
G, (;1) = ®N" (1 —(1-B)(1— ﬁM’)_1> Gu

£C (1 4+9)B(1- M) ! [Gr— MG

Gr (:,2) CT (1"—170) Gps _riGw
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(d) As © matrix is a diagonal, we know that the optimal action under the rational inattention

satisfies
|
xt — GVUt‘t

where Uy, = E [U;|Z}]. From this, we can get {Gyr, G, Ger }:

.1 1 '
S C_r(1-|—1_/]) B —1 Gbr—XGr( 2) Ut
- G;rUt

Note that using the Kalman updating equation, we get

Ut|

(I-KY') Uy, +KY'U;
(I-KY') AU, 1 +KY'U;
{(I-KY)A} U, o, + (I-KY)AKY'U;_; +KY'U;

— KY'U; + (1 - KY') AKYM'U; + { (1 - KY') A}’ KY' (M')* U; + - - -
= Z {(1-KY) AYKY (M) U
— ert
where K = X° Y (Y'X? )Y + %) ! is the implied Kalman gain, > | is the steady-

state prior covariance matrix, and Y is the signal matrix from renter’s DRIP. With this,

we also get G, using

ct = st + E [pi]
= GyU; + G XU,
- GérUt

5. Then, get the lender’s equilibrium allocations using the market clearing conditions:

1
by = =7 (A°D} + Ab})
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ch = (Cer — A°Co) — AC'¢h)

1
Gb[ = _ﬁ ()\OGbo + )\err)

1 - _
GCl — /\I_C_'l (/\OGC - /\OCOGCU - AI’CVGCr)

6. Update new p3, g, 71, rf using the remaining equilibrium conditions. From lender’s optimal

conditions and the Taylor rule,

we update

¢ﬁﬂ=cﬁ—ﬂ[d+4+4ﬂ—54ﬂwﬂ

_ _ 1 - -
dd+%+m:wwm+gﬁ4+mm+¢@—Tn
R; = pRRt_l + <1 — pR> Gt + €4
It = q: + H;
Hl’ = 0/

GI™ = 4Gy — (1- M) Gy + MG,

new __
T

Also, from

we have

= oy (1P M) G —er)

C{ = E{pi + S
Ci =Epi+5;
A°GS; = A°8°S9 + 7SS,

0= A5 (CO — E9pf) + A'S" (CF — EZp?)
— .\ —1 _ _
G = (Aosoxocps + AfS’xr> (A°5°Geo 4+ A'5'Gyr) .
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Lastly, we update the mortgage rates using

1—
0= ci — Etciﬂ +rM — Eymygq + S Skl S (rf — rf\fl — ,BEter — rM>

such that

where

(- BM’) G

e =0—7)rl+ ’)’”f
11— .\
ﬁew (,)/ M) new

= (M ) G — U=

t

1-B(1—-7)

v RE

~ (1= M) Gy + Gos — MG

Appendix D.4. Model impulse responses to a forward guidance shock
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Appendix Figure D.5: Model impulse responses to a 1 S.D. 4-period ahead forward guidance shock

Notes: This figure reports the model impulse responses to a forward guidance shock that lowers the 4-period ahead
interest rate by one standard deviation. The solid blue lines plot the case of full information rational expectations.
The dot-dashed red lines plot the case under rational inattention.
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Appendix E. Model sensitivity analyses

In this appendix, we provide more details on the model sensitivity analyses and discuss two

additional analyses.

Appendix E.1. Lowering homeownership ratio

Rt Ht Rt/Ht+1 RtF
02— < 02 0.05
<
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Appendix Figure E.6: Model impulse responses to a 1 S.D. 4-period ahead forward guidance shock by different
homeownership ratio

Notes: This figure reports the model impulse responses to a forward guidance shock that lowers the 4-period
ahead interest rate by one standard deviation under rational inattention. The solid blue lines plot the case with a
homeownership ratio of 0.55. The dot-dashed red lines plot the case with a homeownership ratio of 0.60. The dotted
green lines plot the baseline case with a homeownership ratio of 0.67.
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Appendix Table E.9: Welfare Costs by Homeownership Ratios

(A) (B) © (D)
Total welfare Welfare costs under Welfare gains from Costs of attention
Households ; . . .
costs (') full-information unresponsiveness

Panel A. Homeownership ratio= 0.67 (Baseline)

Homeowner 0.2415 0.0065 0.0020 0.2370
Renter 0.0389 0.0005 0.0004 0.0388
Panel B. Homeownership ratio= 0.60

Homeowner 0.1436 0.0062 0.0028 0.1402
Renter 0.0230 0.0009 0.0007 0.0228
Panel C. Homeownership ratio= 0.55

Homeowner 0.0457 0.0058 0.0039 0.0438
Renter 0.0248 0.0012 0.0009 0.0245

Notes: This table shows the implicit welfare costs in economies with different homeownership ratios in responses to
forward guidance shocks under rational inattention. Panels A, B, and C represent economies with homeownership
ratios of 0.67 (baseline), 0.60, and 0.55 respectively. Note that Columns (A) = (B) - (C) 