UNIVERSITY OF

¥ SURREY

Discussion Papers in Economics

HOUSE PRICE EXPECTATIONS AND INFLATION
EXPECTATIONS:
EVIDENCE FROM SURVEY DATA

By

Vedanta Dhamija
(University of Surrey),

Ricardo Nunes
(University of Surrey).

&

Roshni Tara
(University of Surrey).

DP 08/23

School of Economics
University of Surrey
Guildford
Surrey GU2 7XH, UK
Telephone +44 (0)1483 689380
Facsimile +44 (0)1483 689548
Web https://www.surrey.ac.uk/school-economics

ISSN: 1749-5075



https://www.surrey.ac.uk/school-economics

House Price Expectations and Inflation Expectations:

Evidence from Survey Data*

Vedanta Dhamija' Ricardo Nunes? Roshni Tara?

12th July 2023

Abstract

We find that households tend to overweight house price expectations when
forming their inflation expectations. The finding is robust across several specific-
ations and two survey data sets for the United States. We also find that there is
a significant effect of the cognitive abilities of households as more sophisticated
households don’t overweight house price inflation as much. We model this house-
hold behaviour in a two-sector New Keynesian model with an overweighted and a
non-overweighted sector and analytically derive a welfare loss function consistent
with the micro-foundations of the model. In this setup, we show that to gauge
the correct interest rate response, the central bank needs to be aware that some
sectors are overweighted and that movements in expected inflation in such sectors
are important for monetary policy.
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1 Introduction

Expectations about the future course of the economy have come to play a pivotal role in
macroeconomics. In this context, it has become increasingly important to understand
how households form inflation expectations. For instance, Coibion et al. (2020) have
found a significant role of households’ priors and perceptions about inflation, their
shopping experience, knowledge about monetary policy, cognitive abilities, and exposure
to media coverage about the economy, as main factors influencing inflation expectations
of individuals.

Amidst cognitive and informational constraints, it has been observed that house-
holds rely on their personal experiences and frequently observed prices to form expect-
ations about inflation. For example, Coibion and Gorodnichenko (2015) and D’Acunto
et al. (2021) have found that gasoline and grocery prices, respectively, play a major role
in determining inflation expectations by virtue of being most frequently observed by
consumers. Additionally, based on insights from psychology and memory research, and
confirmed by studies observing household behaviour in economics, it has been found
that people tend to focus more on extreme experiences and large changes. Bordalo
et al. (2022) have found that contrasting, surprising, or prominent stimuli automat-
ically drive the attention of the decision-maker and distract them from their original
goals. This implies that individuals would focus disproportionately more on items for
which extreme price changes have been observed, even if those items account for low
weights in the official inflation measurement.

In this paper, we find a novel channel of salience through house price expectations.
Using two sets of household survey data — Survey of Consumer Expectations (SCE)
by the Federal Reserve Bank of New York (FRBNY) and the Survey of Consumers
by the University of Michigan — we find that individuals overweight from house price
expectations to their inflation expectations. To obtain this finding, we use instrumental
variables to control for possible endogeneity through common factors and/or omitted
variables. We also examine the role of cross-sectional heterogeneity. In this respect,
we find that households with higher numeracy don’t overweight house price inflation as
much.

Subsequently, we model this household behaviour in a two-sector New Keynesian
(NK) model with an overweighted and a non-overweighted sector, and analytically
derive the welfare loss function using a second-order approximation to the representative
household’s utility. Relative to a standard two-sector NK framework, we find that this

overweighting behaviour modifies the IS equation, while the NK Phillips curve and



central bank’s loss function remain unchanged. We show that to gauge the correct
interest rate response, it is imperative for the central bank to be aware that some
sectors are overweighted by consumers and that movements in expected inflation in
such sectors are important for monetary policy.

The motivation for examining the salience of house prices comes from the observa-
tion that house prices have increased dramatically in the years prior to 2007 and have
also received extensive media attention, especially since the global financial crisis. The
preoccupation of US households with housing markets has always been strong such that
it has been noticed that “house price watching has become a national pastime” (Himmel-
berg et al., 2005, p.67). Houses are typically the largest asset in the household portfolio
and are associated with significant wealth and collateral effects. A large majority of the
population in the US are homeowners and there is high geographic mobility suggesting
that house prices are closely watched.! It is also important to note that Consumer Price
Index (CPI) only accounts for the consumption part of houses, that is, housing services
through rents and imputed rents, and not houses as assets. This implies that there is
no direct impact of house prices on inflation. But households, as non-specialists, may
not be able to make the distinction between the asset aspect of house prices and the
price of housing services. They may see house prices changing and gauge signals from
that to form their inflation expectations. This could potentially lead to overweighting
of house price expectations to overall inflation expectations.

Our work is closely related to previous studies examining the role of the salience
of frequently observed prices and large price changes in driving inflation expectations.
D’Acunto et al. (2021) use novel data on the combination of prices and quantities of
non-durable consumption baskets of US households, matched with their inflation ex-
pectations at the time they go shopping. They find that inflation expectations are
governed by the size and frequency of household-specific grocery price changes, instead
of the representative bundle, irrespective of their share in expenditure. Infrequent shop-
pers who tend to observe larger changes across shopping trips respond more to grocery
price changes, and larger price changes have a stronger effect on inflation expectations.
Coibion and Gorodnichenko (2015) have confirmed the sensitivity of consumers’ expect-
ations to oil prices using the Michigan Survey of Consumers. They find that households’
inflation expectations rose sharply between 2009 and 2011 explained by the rise in the
price of oil at the same time, thereby preventing a decrease in the price level. Yellen

(2016) has also discussed the strong correlation between gasoline prices and the inflation

1 As per the US Census Bureau, the homeownership rate in the country stands at 66 percent in the
year 2020 and an average person moves residences more than eleven times in their lifetime.



expectations of households.

Bruine de Bruin et al. (2011) have conducted two studies to examine how respond-
ents taking part in national surveys form their inflation expectations in order to explain
the heterogeneity between responses. The first part instructed participants to recall
‘any’ price change and in the second part to recall the ‘largest’ price change; in either
of the cases, households reported recalling items for which price changes were perceived
to be extreme and went on to report extreme inflation expectations. They found that
participants had specific prices in mind while reporting their expectations in surveys
and were biased towards items associated with more extreme perceived price changes.

Our work also relates to the impact of cross-sectional heterogeneity on inflation
expectations. Ehrmann et al. (2018) find that households with pessimistic attitudes
about their future incomes and purchases, or those experiencing financial difficulties
are associated with a stronger upward bias in their inflation expectations. In addition
to everyday changes that households observe, Malmendier and Nagel (2016) document
that individuals overweight the inflation experienced during their lifetimes in the sense
that people who have lived through high inflationary episodes have systematically higher
inflation expectations.

Additionally, our work connects with the literature on house prices, house price ex-
pectations and inflation as well. Building on the role of experiences in shaping expect-
ations, Kuchler and Zafar (2019), using survey data, find that individuals extrapolate
from their personal experiences of local house price changes and volatility to country-
wide house price inflation, and that this holds irrespective of the extent of usefulness
of such personal experiences. Exploiting individual heterogeneity, they find that the
extrapolation is stronger for less sophisticated individuals. Adam et al. (2022) show
that households revise their house price expectations too sluggishly over time and their
capital gain expectations have a positive relationship with the price-to-rent ratio. Us-
ing geographically disaggregated local house price and survey data, Stroebel and Vavra
(2019) establish a causal response of local retail prices to changes in local house prices
driven by changes in retail markup, in areas of high homeownership rates. They find
that the retail price sensitivity of homeowners decreases with an increase in house prices
and firms use that opportunity to raise their markups, thereby delineating a new source
of business cycle variation.

The model in our paper is related to prior work on two-sector NK models. These
include, but are not limited to, Aoki (2001) with a flexible price sector and a sticky
price sector, Erceg and Levin (2006), Barsky et al. (2007), Petrella et al. (2019) with

durable and non-durable sectors, and Gali and Monacelli (2005) with a domestic and



foreign sector for a small open economy.

The paper is structured as follows: Section 2 describes the accounting benchmark to
determine the impact of house price inflation on (overall price) inflation, which is later
used to check the presence of overweighting in the survey data. Section 3 describes the
data and Section 4 describes the empirical results. Section 5 presents the two-sector
NK model taking into account the overweighting behaviour of households, and Section

6 concludes.

2 Estimating an accounting benchmark

In order to understand whether individuals are over or under-weighting from house price
expectations to overall inflation expectations, we need to set a benchmark. This is on
account of one key observation that actual house prices are not directly reflected in the
CPI. Instead, CPI only reflects the consumption part of housing services relevant to the
cost-of-living index. In the current practice in the United States, housing services are
captured through the CPI component on ‘shelter’ which accounts for 32.706 per cent
weight in the index; shelter, in turn, has four sub-components, namely, rent of primary
residence which accounts for 7.378 per cent share, owner’s equivalent rent (OER) which
accounts for 24.043 per cent, lodging away from home, and tenants and household
insurance account which account for 0.925 and 0.360 per cent, respectively.?

The OER component in CPI shelter is the imputed rent of owner-occupied housing.
This represents the rent that homeowners implicitly pay to themselves to live in their
home or the amount they could obtain by renting out their home. Since the majority
of households in the US are homeowners, this component is very significant to keep
a track of changes in housing ‘services’. Over the last few decades, OER has been
subject to various methodological changes: up to 1983, this used actual house prices
to account for housing inflation, but that was abandoned as this reflected the asset
aspect of housing, and not the consumption aspect needed for CPI. Starting in 1983,
owners and renters were interviewed through housing surveys to get OER and rents
information, respectively. However, since 1999, no homeowners are considered in the
CPT housing survey sample, and a re-weighting of renters as per the share of homeowners
in each region has been used to estimate OER. Over the period 1987 - 2022, there
have been some large swings in house prices, as captured by the growth rate of the
S&P /Case-Shiller U.S. National Home Price Index, while OER and other housing-

related components of shelter have not kept up with these, as shown in Figure 1. These

ZWeights in overall CPI as on October 2022 (Source: Bureau of Labour Statistics).



Figure 1: House price growth and CPI shelter inflation

Percentage change (y-o-y)

Jan 1990 Jan 1995 Jan 2000 Jan 2005 Jan 2010 Jan 2015 Jan 2020

House price growth ————- CPI rent inflation
— — CPI shelter inflation ~ ---------- CPI OER inflation

Notes: This figure shows CPI shelter inflation and the two sub-components of the same:
CPI-rent and CPI-OER from the Bureau of Labour Statistics, US. House price growth
is the growth rate of the S&P/Case-Shiller US national home price index. The sample
period runs from 1987 to 2022.

large price changes could be salient to households and might distort their inflation
expectations, while not being reflected in the CPI-related targets used by the central
bank.

To calculate the benchmark to get the impact of house price inflation on CPI in-
flation, we use linear regressions with house price growth as the independent variable
and varied dependent variables under four specifications — CPI inflation, CPI shelter
inflation, individual sub-components of CPI shelter, and OER sub-component of CPI
shelter, respectively. These regressions are run for two different samples, namely 1987
to 2022 as well as 1999 to 2022 in order to be mindful of the changes in CPI components.
All specifications include twelve leads and lags of house price growth.?> These regression
coefficients are then weighted by the relative weight of the component in CPI over the
respective sample. The estimated coefficients and relative weights are reported in Table
A.1in Appendix A.1. The product of these two gives the benchmark coefficients which

are reported in Table 1.

3We get similar results if we do not include leads and lags of house price growth.



Table 1: Benchmark coefficients

Sample Specification 1 Specification 2 Specification 3 Specification 4
1987-2022 0.004 0.03 - 0.02
1997-2022 0.03 0.04 0.03 0.02

Notes: The benchmark coefficients in this table are the product of regression coefficients from spe-
cifications 1 — 4 with the relative weight of the respective CPI component. The regression coefficients
along with relative weights are shown in Table A.1 in Appendix A.1. Specification 3 for 1987-2022 is
blank because the four components of CPI shelter, as in the current practice, came into effect from

1997 onwards. Standard errors are in parentheses.

These coefficients represent the historical impact of house price growth on CPI

inflation and its components, and we find that they lie in the range of 0.004 to 0.04.

3 Data description

We use two datasets which complement each other in terms of their sampling and survey
methodologies, range of questions asked to households, and level of disaggregation of the
survey. From these datasets, the focus of this study is on two questions: one-year-ahead
inflation expectations and one-year-ahead house price expectations. In this section, we

describe these two datasets and the main questions used for our analysis.

3.1 Survey of Consumer Expectations

The first dataset we use is the Survey of Consumer Expectations (SCE) from the Federal
Reserve Bank of New York (FRBNY). Launched in 2013, this is a nationally repres-
entative, internet-based monthly survey of approximately 1300 household heads. It has
a rotating panel structure where respondents remain in the sample for up to twelve
consecutive months.

The quantitative part of the survey used for this analysis consists of three categories
of questions: questions that elicit expectations of binary outcomes (such as the likeli-
hood of the US house prices being higher in 12 months), questions that elicit pointwise
expectations for continuous outcomes (such as the rate of inflation over the next 12
months), and questions that elicit respondents’ probability densities for forecasts of
continuous outcomes. The use of questions of the third type to get the subjective prob-

ability distribution for certain continuous outcomes is one of the innovations of the



SCE.*

This dataset consists of about 109,788 observations over the period from June 2013
to March 2022. For questions on inflation and house price expectations, we rely on ex-
pectations from density means from questions of the third type described above, instead
of point forecasts, although similar results hold with point forecasts as well. While the
basic questions regarding inflation and house price expectations are asked each time
the individual takes the survey, some questions on individual-specific information are
limited to repeat respondents. To be able to control for these individual characteristics,
we exclude one-time respondents from the dataset and work with repeat respondents

only. The summary statistics of the main variables from this dataset are presented in
Table A.2 in Appendix A.2.

3.2 Michigan Survey of Consumers

The second dataset we use is the Survey of Consumers (MSC) conducted by the Survey
Research Center at the University of Michigan. This is a nationally representative sur-
vey and has been conducted since 1978. The data are available at a monthly frequency
wherein each month about 500 interviews of US households are conducted. This survey
also has a rotating panel component as each month about 40 per cent of the households
are those that were interviewed six months ago, and about 60 per cent are first-time
respondents.

While this is a much older survey than the SCE, house price expectations, unlike
other expectations, are only available since 2007 and only for those respondents who are
homeowners. Given this, our study covers the period from January 2007 to October 2022
and contains about 67,924 observations. The dataset is only accessible at the Census
region level and further geographical dis-aggregation is not available. The summary

statistics of the variables used from this dataset are presented in Table A.3 in Appendix
A2,

4 Empirical results

We seek to address the question: Do house price expectations influence overall inflation

expectations more than what they should? We analyse this in a linear framework

Ty = a+675}e+5Xit+7t+Vr+€it, (1)

4For more details on this dataset, see Armantier et al. (2017).



where the dependent variable is the one-year-ahead inflation expectations for respondent
i at time ¢, 7 is the one-year-ahead house price expectations for respondent ¢ at time
t, X;; are the individual characteristics such as demographics and other expectations,
~; represents time fixed effects, and v, are region fixed effects.

Although we control for time-fixed effects, it is plausible that both house price
expectations and inflation expectations could be driven by a third common factor that
could lead the individual to revise both expectations or there could be an omitted
variable bias from other CPI components. For this reason, we also present results using
the Instrumental Variable approach.

We instrument house price expectations with the Wharton Residential Land Use
Regulatory Index (WRLURI).> This index is a measure of housing supply elasticity
developed by Gyourko et al. (2008) and again updated by Gyourko et al. (2019) based on
a national survey of local residential land use restrictions pertaining to housing or land
use. This aggregate measure comprises eleven subindices that summarize information
on different aspects of the regulatory environment. Higher values of this index indicate
a stricter regulatory environment as the housing supply could be expanded less easily in
response to a demand shock. This in turn implies higher house prices in the region, and
subsequently higher house price expectations, as found by Kuchler and Zafar (2019).
We use WRLURI based on the second round of survey results completed in the year
2018 from Gyourko et al. (2019). These provide measures of regulation at the state
level.

Exploiting the cross-sectional variation in housing supply elasticity is a popular ap-
proach in this literature following the seminal work of Mian and Sufi (2011). This
approach is useful to isolate changes in house price expectations that are plausibly
orthogonal to other factors that may be directly driving the change in inflation expect-
ations.

WRLURI is time-invariant by design as regulations pertaining to land use are not
changed very frequently. Even though this is not a drawback of this instrument, an ap-
proach in the literature has been to induce time-series variation by using its interaction
with other relevant variables of interest, e.g. see Aladangady (2017). In our case, since
interest rates affect the user cost of housing and impact housing demand, we also use
the interaction of WRLURI with the 30-year fixed mortgage rate by Freddie Mac.

Additionally, earlier work by Coibion and Gorodnichenko (2015) has found that gas

and food prices influence households’ inflation expectations. Therefore, it is imperative

5 Among others, this index was recently used by Stroebel and Vavra (2019) to instrument for house
price inflation in a similar context.



that we control for these expectations and also for possible endogeneity from the same.
For gas price expectations, we use real gasoline taxes as the instrument. This has been
previously used by Davis and Kilian (2011) and Coglianese et al. (2017) with the ra-
tionale that tax changes are typically implemented with a considerable lag making it
unlikely that they are correlated with contemporaneous demand shocks. Additionally,
Coglianese et al. (2017) has found that consumers may be more responsive to taxes than
equal-sized changes in tax-inclusive gasoline prices because of perceived persistence and
salience, and also given higher media coverage to the former. For food price expecta-
tions, we use the lagged global price of food index as the instrument. This represents
the benchmark prices of the global market which is determined by the largest exporter
of a given commodity, so it would introduce exogeneity.

Another approach to control for endogeneity in the household survey literature is
to use lagged survey data as instruments, for e.g. in Bachmann et al. (2015). In the
same spirit, we utilize the rotating panel nature of the datasets and use the six-month
lagged interview data as the instrument for the current period observation. In one of the
specifications we estimate in the next section, we have used these lagged observations
along with other previously discussed instruments from the literature to estimate an
over-identified model using Generalized Method of Moments (GMM).

4.1 Baseline results

The OLS and IV results from the SCE data are presented in Table 2. The first column
shows the OLS results in the full sample; we find that a one-percentage-point increase
in house price expectations increases inflation expectations of the households by 0.24
percentage-point, ceteris paribus. Comparing this with the benchmark coefficients in
the range of 0.004 to 0.04, there is evidence of overweighting from house price expect-
ations to inflation expectations. The second column of Table 2 gives the OLS results
for a smaller sample where only the last interview of each household has been used.
The third column presents IV results for the same sample using lagged expectations
from previous interviews as instruments, and Column 4 uses WRLURI index and other
instruments to present the GMM results from an over-identified model. In all cases, IV
coefficients are only marginally higher than the OLS coefficients and the first-stage F'
statistic passes the rule-of-thumb of F greater than 10. The baseline regression results
with individual fixed effects is presented in Table A.6 in the Appendix.

Across all specifications, demographics include age, income categories, education,
gender, marital status, homeownership, race, and years of living in a state. Time-fixed

effects include time dummies for each survey month, and we control for state-fixed

10



Table 2: Baseline results using SCE

0 2) G) )

Inflation expectations (1Y) OLS-Full OLS IV-25LS IV - GMM
House Price 0.240™* 0.293** 0.458"** 0.440™*
Expectations (1Y) (0.008) (0.017) (0.055) (0.049)
First stage F-stat:

House price expectations (1Y) 140.96 56.19
Gas price expectations (1Y) 43.48 27.51
Food price expectations (1Y) 75.36 38.15
Hansen J-stat(Chi-sq p-value) 0.1539
Demographics Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes
R-squared 0.2114 0.2789 0.2147 0.2162
N 107519 9064 8917 8917

Notes: Column (1) has OLS results for the full sample. Column (2) has OLS results for the smaller
sample of only the last observations for each household. Column (3) has IV-2SLS results using lagged
expectations as instruments. Column (4) has IV-GMM results using lagged expectations and interac-
tion of WRLURI with real mortgage rate, real global price of food index, and real gasoline taxes as

instruments. Standard errors are in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01.

effects as well. We also control for gas and food price expectations.®

The OLS and IV results from MSC data are presented in Table 3. Column (1)
presents the OLS results and we find that the coefficient on house price expectations
is 0.016, which is more in line with the benchmark. But when we correct for plausible
endogeneity using the instruments, the coefficients are higher than the benchmark and
more in line with the SCE results, as shown in column (2). The same pattern also holds
true in the case where we only consider first-time respondents, as shown in column (3)
and column (4).Thus, we find that once we control for the endogeneity, there is evidence
of overweighting from house price expectations to inflation expectations on the part of
the households in the MSC data.

The Michigan data is available for the four Census regions, so region-fixed effects

have been added for OLS. A set of demographics to control for individual characteristics

6Table A.4 in Appendix A.3 presents the OLS results with and without controlling for gas and food
price expectations. We find that the coefficient on house price expectations goes down to 0.251 from
0.240 when these controls are added.
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Table 3: Baseline results using MSC

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

Price expectations (1Y) OLS-Full IV-Full OLS v
House price 0.016** 0.251** 0.018** 0.363*
expectations (1Y) (0.003) (0.100) (0.004) (0.139)
First stage F-stat:

House price expectations (1Y) 30.15 16.43
Gas price expectations (1Y) 199.14 107.79
Over-identification test:

Hansen J-statistic (Chi-sq p-value) 0.7100 0.9661
Time fixed effects Yes Yes Yes Yes
Region fixed effects Yes No Yes No
Demographics Yes Yes Yes Yes
N 58210 58210 33663 33663

Notes: Column (1) has OLS results for the full sample. Column (2) has IV-GMM results for the full
sample using WRLURI, the interaction of WRLURI with real 30-year mortgage rate, real gasoline
taxes and lagged real gasoline prices as instruments for the full sample. Region-fixed effects are not
included in this specification as they are collinear with the WRLURI instrument. Columns (3) and (4)
repeat the same for first-time respondents. Standard errors are in parentheses.*p < 0.10, **p < 0.05,
**p < 0.01.

have been included as well which include age of the respondent, gender, marital status,
income, household size, whether the respondent is a college graduate and whether the
respondent is a high school graduate. Idiosyncratic expectations such as gas price
expectations, interest rate expectations, expectations on the economic outlook, chances
of increase in family income, durables and home buying attitudes, among others have

also been controlled for.

4.2 Cross-sectional heterogeneity

In this section, we examine how respondent characteristics could explain differences
in the extent of overweighting from house price expectations to overall inflation ex-
pectations of households. We examine the role of cognitive abilities captured through
numeracy and education.

The SCE includes a measure of respondents’ numeracy, captured through questions
on the basics of probability and compound interest. Participants who answer at least
four of the five questions correctly are deemed to have high numeracy (Ben-David et al.,

2018). The effect of education is captured through an individual being (minimum of)

12



a graduate versus not. In our sample, around 73 per cent of individuals have a high

numeracy score and 57 per cent of individuals are graduates or higher.

Table 4: By numeracy and education

(1) (2)

Inflation expectations (1Y) Numeracy Education
High Numeracy*House 0.198***

Price Expectations (1Y) (0.009)

Low Numeracy*House 0.303***

Price Expectations (1Y) (0.014)

Graduate*House Price 0.197*
Expectations (1Y) (0.010)
Not a graduate*House 0.274**
Price Expectations (1Y) (0.012)
Statistical Difference in Coefficients (Wald Test) 0.0000 0.0000
Demographics Yes Yes
Time Fixed Effects Yes Yes
State Fixed Effects Yes Yes
R-squared 0.214 0.212
N 107519 107519

Notes: This uses the SCE data. Column (1) looks at the impact of numeracy. Participants who answer
at least four out of five questions on numeracy in the survey correctly are classified as ‘high numeracy’
individuals. Column (2) looks at the impact of the respondent having a minimum of a graduate degree.
Standard errors are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

The analysis of the role of cognitive abilities through these characteristics reveals
some interesting results, presented in Table 4. We find that high numeracy individuals
overweight less from house price expectations to inflation expectations compared to
their low numeracy counterparts. We also find that the difference between the two
categories is statistically significant. The same results hold for those who are graduates
or higher, i.e. they overweight less from house price expectations to their overall inflation
expectations. The difference between the two groups is statistically significant as well.
These results make a lot of sense as we would expect less sophisticated individuals, i.e.
those with relatively lower numeracy or education qualifications to be more influenced
by the signals from salient prices.

More results from the examination of cross-sectional heterogeneity in the data-
sets are presented in Appendix A.4. The different characteristics considered include

homeownership, probability of moving to new residences, having moved residences since

13



the last survey, expected financial situation, gender, age cohort experiences, etc.

5 Model

In this section, we present a two-sector closed economy New Keynesian model by ex-
tending the one-sector framework of Gali (2015). The model is a stylized framework
representative of any two sectors, in which households focus more on one of the sectors
relative to its true weight. In this respect, this part of the paper breaks new ground
and applies more generally to the modelling and monetary policy implications of over-
weighting in any good, including the findings relative to gas prices and groceries in
Coibion and Gorodnichenko (2015) and D’Acunto et al. (2021), respectively.

As such, the model has two non-durable sectors, and we abstract from the effects of
durable goods. In addition to the reason mentioned above, including a durable sector
would make the impact of overweighting per se difficult to single out. This is because
previous work by Erceg and Levin (2006) has shown that durable sectors are more
interest rate sensitive relative to non-durables, which introduces additional trade-offs
for monetary policy. Moreover, Barsky et al. (2007) show that the durable goods sector
matters disproportionately more for monetary policy. Given this, we abstract from the
channel of durability and uncover the impact of overweighting in the simplest and more
general framework. This modelling choice also offers the benefit of obtaining analytical
results.”

The economy consists of three types of agents: a representative household, firms and
the central bank. We assume that there is full labour mobility between the two sectors
so that there is a uniform wage rate in the economy, and that there are no sectoral
linkages in production. In what follows, let O denote the overweighted sector which is

more salient to the households and N denote the non-overweighted sector.

5.1 Households

The representative infinitely-lived household chooses a composite consumption good,
Ct, and supplies labour, L;, to maximize the present discounted value of the expected

utility function

Eo ) S'U(Cy, Ly), (2)
=0

"With this framework, we are able to show that overweighting has consequences for optimal mon-
etary policy. Extending the results of the previous work by Erceg and Levin (2006) and Barsky et al.
(2007) would likely mean that an overweighted durable sector would be even more significant.

14



where € (0, 1) is the discount factor and

C«tl—a Lt1+¢
T 1-0 116

U(Cy, Ly) (3)
where ¢ is the inverse of inter-temporal elasticity of substitution and ¢ is the inverse
of Frisch elasticity of labour supply. The household’s aggregate consumption, C;, de-
pends on consumption of the overweighted good, Cp;, and non-overweighted good,

Cn ., according to a Cobb-Douglas technology given by

€™ o ’

Ct =

where 0 < w < 1 is the share of the overweighted sector in total consumption. The
sectoral consumption, C; for j = N, O, is in turn a CES aggregate of quantities of the

continuum of differentiated goods (of variety i) in the two sectors given by

£

1 Ejfl sjij—l
Cjﬂg = (/ Cjﬂg (Z)T dl) s j = N,O,
0

where €; > 1 is the elasticity of substitution between the varieties within each sector.

The aggregate price index P, is defined as

Py = (Pny)' ™ (Poy)” (5)

where Py, is the price of the non-overweighted consumption good and Py is the price

Lot guch that

of the overweighted good. Define relative price ratio, S; = P

P, = Py,Sy = Po,S; ™" (6)

The sectoral price index is

1 1,15j
P, = (/ Pj (z‘)l‘aj dz’) ., j=N,O0,
0

where P;,(7) is the price charged by firm 4 in sector j for j = N,O. The household

maximizes utility (3) subject to the intertemporal budget constraint

1 1
/ Pny (1) Cny (1) di + / Po1(1)Coys (1) di+ Q¢By < By + Wiy + T3, (7)
0 0
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where W, denotes the nominal wages, B; are one-period bonds at price ); held by the
household, T; is a lump-sum component of income like dividends from ownership of
firms. This also includes the solvency condition, limy ., E,{Br} > 0.

To motivate how we bring the empirically observed household behaviour into the
model where individuals focus disproportionately more on one good when forming their
inflation expectations, define a new parameter J as the excess weight that households
assign to the overweighted good. Also, define E,m,,; to be the distorted expectations of
one-year-ahead inflation that are affected by over-weighting and E;m;,; as the rational

one-year-ahead inflation expectations without any overweighting. Then, we have

Etﬂtﬂ =Eim1 = (1 —w—0)Emn i + (w+ 0)Eimo 141, (8)

= Emii1 + 0(Eemo 41 — Evmtnesa),

where [E,;7;, 1 is the rational expectation of inflation which is computed with the wrong
weights and E;m; 41,7 = N, O is the sectoral inflation expectations. This implies that
the distorted expectations of inflation where households give excess weight to sector O
are equivalent to rational inflation expectations computed with distorted weights. Note
that with 6 = 0, i.e. when there is no overweighting, we have EﬁtH =Em1 = Eymygg.

To incorporate this in the model, the aggregate price index would be modified in
periods t and ¢ + 1 to reflect the households’ ‘perceived’ price index, relative to (5) as

follows

D _ 1—w—36 pw+d
EiPrir = E Py 7" Poias

D _ pl—w—6 pwt+d
b = PN,t Po,t )

(9)

where P is the overweighted perceived price index for the households.

From the household’s optimisation problem, the Euler equation is

BQ; 'E, { (Cé+1>_a PPtl} =1 (10)
t t+

Note that when 6 = 0, that is when households are not focusing disproportionately on

one sector, we are back to the original two-sector NK model without any overweighting.

5.2 Firms

On the production side, there are two distinct sectors in the economy which produce

goods in sectors O and N. There is a continuum of firms, indexed by i € [0, 1] within
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each sector 7 = N, O which produce differentiated goods for consumption. Each firm

faces a common production technology

Yia (1) = ALy (4),
where Y;, (i) is the output of firm ¢ in sector j, and L;, (i) is the hours of labour
employed by firm 7 in sector j. A;; is the sector-specific productivity shock that follows

an autoregreSSive process
aj,t = pa]-aj,t—l + gaj,h

where a;; = logA;; and g4, 4 ~ i.1.d(0, aaj). Since labour is assumed to be fully mobile
across the two sectors, there is a uniform wage rate in the economy. The nominal

marginal cost for each firm in sectors j = N, O is

Wi

MC?, = —.
Jit Aj,t

The firms face identical sectoral demands taking aggregate price level P, and con-
sumption C; as given. Following Calvo (1983), a firm in sector j resets its price with
probability (1 — ;) in any given period and a fraction 6; keeps their prices unchanged.

Thus, the sectoral prices evolve according to

1 17€j
178]' . . * 1_€j
Py = / Py (i) di+ (1 —0;) (Pjt) )
s5(t)

which simplifies to
1

Pio= 0P + (=6 P
where P}, is the common price chosen by the firms of sector j at time ¢ and s; (t) C [0, 1]
represents the set of firms not re-optimizing their posted price in period ¢t. The firms
which are able to update their prices choose price P},
present discounted value of future profits subject to a sequence of demand constraints
for £ > 0. That is,

which maximises the expected

o
k
H;%XEE 0; Q1L s,
P k=0

where ()4 is the stochastic discount factor for nominal pay-offs between ¢ and ¢ + k,

and I, = PrYiik — TC’j’.ft |t (Y ++x) are the nominal profits for firms in sector j at
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time ¢ + k given that price chosen at t is being charged. Y, is the output in period
k in sector j, and T'C™ (.) is the nominal total cost function.

Now, consider the case where the households’ overweighting behaviour enters the
firm’s problem. This is a relevant case as Coibion and Gorodnichenko (2015) have shown
that households’ inflation expectations are a good proxy to the inflation expectations
of firms. Hence it would be important to look at the impact of overweighting on the

price-setting behaviour of firms. One way to incorporate household behaviour in the

Crern) P,
Ct Py’

where P reflects the distorted price index. The first order condition which maximizes

firm’s problem is through the stochastic discount factor, Qsyx = B* (

the firm’s profits and determines the price is:

- Citr - pt P?kt —€j c.
E ok | gk ( t+ ) k <; Y. Pt S pom —0, (11
t; 1o C, Pk \Piors el e : itklt (11)

where M C’J’ft e 18 the nominal marginal cost for a firm in sector j at time ¢ + k£ which

last reset its price in t.

5.3 Equilibrium

We complete the non-policy part of the model by adding the dynamic IS equation
and NK Phillips Curve. As standard in the literature, the Euler equation (10) can be
log-linearised around a zero inflation steady state to determine the dynamic IS equation

N . 1. . n
Yr = Elp1 — E (lt — B — Ty ) ) (12>

where §; = y; —y;* is the (welfare relevant) output gap, y;* is the natural level of output,
7; 1s the nominal interest rate, and 7' = p + UwgaEtAat+1 is the natural real interest
rate with ¢y, = ifT‘ﬁ and p = —log f.

To understand the impact of overweighting on the IS equation and how it differs

from the standard framework, substitute equation (8) in (12) to get

- . 1. n
U = Eqfip1 — p i — Eymypn — §(Et7TO,t+1 - EtTrN,t+ll U (13)

~
impact of overweighting

Accordingly, the real interest rate r; is

Tt :it_Etﬁ'tJrl; (14)
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where the impact of overweighting is reflected through E,7;,; relative to E;m; 1 in the
standard NK framework.
To determine the dynamics of inflation in terms of the sectoral output gap and

relative prices, we log-linearise the firm’s optimal price setting equation (11) to get

o0

p;,t = (1 - ejﬂ) Z efﬁkEt [mc;t-i-k +pj,t+k} . (15)
k=0

We show in Appendix A.6.1 that equation (15) is identical to equation (A.8) where the
latter is derived without incorporating the overweighting of households (in Appendix
A.6), as in the standard NK framework. We show that this is the case as the terms in p
drop out in equation (A.10). Hence, the perceived price index incorporated in the firm’s
problem through the stochastic discount factor does not alter the price-setting equation.
This gives the standard sectoral Phillips curves even in the presence of overweighting,

as follows:

Nt = BEN 1 + xv (0 + @) v + (1 — 0 — @)w5y) + uny (16)

and
To4 = BEmo 111+ X0 (0 + @)Jos + (0 + ¢ — 1) (1 —w) 5) + uoy, (17)

_ (1-6;)(1-59;)
9,

where 3; is the relative price ratio gap , x; = , and u,; are the sector-specific

J

cost-push shocks for j = N,O. The sectoral cost-push shocks for j = N, O follow an

exogenous AR(1) process
Uiy = Puli 1 +Eur  Euyp~idd(0,04,).

The aggregate NK Phillips curve in the economy is the sector-weighted aggregation of
the sectoral Phillips curves (16) and (17) as

m=(1—w)ry:+wros. (18)

5.4 Welfare function

We derive the welfare function based on the micro-foundations of the model described
in the previous section. Based on Woodford (2003) and Gali (2015), assuming that the
monetary authority aims to maximise the welfare of the representative household, we
obtain a second-order Taylor approximation of the representative consumer’s lifetime

utility when the economy remains in a neighbourhood of an efficient steady state. This
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gives the following loss function for the central bank

W 1 ) ) )
e _§E02t05t{(1 — W) Yrs +wlip, + (0 + ¢ —1) 5
o
g 9 .
b (1w + |+ i+ Ol (19)
XN T Xo ’

where t.i.p denotes the terms independent of policy and O ||€||® includes terms of order
higher than two. The welfare function balances the fluctuations in sectoral output gaps
along with the variability in sectoral inflation rates.® Since (19) does not depend on 6,
we find that the overweighting per se does not introduce an additional policy trade-off
for the central bank.

Therefore, we find that the model with an overweighted sector differs from the
standard two-sector framework with respect to the IS equation. The NK Phillips curve
and the welfare function remain the same, even if firms in addition to households also
display overweighting behaviour. Given this, it is sufficient to set the nominal rate in
line with the expected inflation to stabilize the distortions from overweighting. For

completeness, we show this in the next subsection.

5.5 Ramsey policy

The optimal policy problem of the central bank is of minimising the welfare loss function
(19) subject to the IS equation (13) and sectoral Philips curves (16) and (17). We show
the Ramsey policy response to a markup shock in the over-weighted sector in Figure 2
and compare it to the standard two-sector NK framework with no overweighting, i.e.
0 = 0. For this exercise, we assume the two sectors have equal weight and 6 = 0.3 in
the overweighted model.

We see that in both the overweighted and the standard two-sector models, inflation
in sector O increases and the output gap goes down in response to a markup shock in the
sector. As sector O now produces less, wages fall and this makes inflation in sector N
also go down. Overall the economy experiences higher inflation and a negative aggregate
output gap. The optimal policy response of the central bank is to increase the nominal
interest rate in line with expected inflation in both models. As expected inflation in
the overweighted model is higher on account of a shock in sector O being overweighted
by households, the nominal interest rate needs to be raised more strongly relative to

the standard two-sector model. We see that the final allocations in the model with

8Note that with w = 1, that is by putting all weight on a single sector, this loss function becomes
identical to the standard one-sector loss function as in Gali (2015).

20



Figure 2: Optimal response to a persistent markup shock in sector O
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Notes: The figure shows the impulse responses of selected variables to a persistent one per cent markup
shock in the overweighted sector. All series are in per cent deviations from their steady state except
for the interest rate which is in absolute deviation from the steady state. The black line corresponds
to the model which accounts for the overweighting while the red dashed line corresponds to the model
with no overweighting.

and without overweighting are the same, including the real interest rate. However, the
policy instrument which is the nominal interest rate is different in the two models and
needs to move in line with the respective expected inflation. The symmetric response

to a markup shock in the non-overweighted sector N is in Figure 3.
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Figure 3: Optimal response to

a persistent markup shock in sector N
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to the model which accounts for the overweighting while the red dashed line corresponds to the model

with no overweighting.
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6 Conclusion

Recent literature on salience has found that individuals focus disproportionately more
on frequently observed prices and large price changes when forming their inflation ex-
pectations, even if those items account for low weight in official inflation measurement.
The impact of gas and grocery prices in this regard has been well-established in the
literature. In this paper, we find a novel channel through house prices. The motivation
to look at house prices is that these are one of the larger price changes observed by
households which are given substantial media attention, especially since the global fin-
ancial crisis. High homeownership rates and geographic mobility in the United States
also suggest that house prices are watched closely. Also, since houses are one of the
biggest assets in a household’s portfolio and are associated with significant wealth and
collateral effects, there is a preoccupation with house prices among individuals.

Using two household survey data sets for the US, we examine the relationship
between house price expectations and inflation expectations. We use the instrumental
variable approach to control for possible endogeneity through common causes and/or
omitted variable bias. We find that households tend to overweight their house price ex-
pectations when forming their inflation expectations. Furthermore, we find that there
is a significant impact of the cognitive abilities of individuals in this behaviour as more
sophisticated individuals overweight by a lesser degree.

Subsequently, we model this overweighting behaviour in a two-sector NK Model,
with an overweighted sector and a non-overweighted sector. We find that the model with
an overweighted sector differs from the standard two-sector framework with respect to
the IS equation. The NK Phillips curve and the welfare function remain the same, even
if firms in addition to households also display overweighting behaviour. In this model,
overweighting per se does not introduce an additional policy trade-off for the central
bank. Crucially, the nominal interest rate needs to be set differently; the central bank
needs to realize that there is overweighting on the part of the households and measure
inflation expectations correctly such that it sets the policy instrument appropriately.

This is a stylized model and can be representative of any two non-durable sectors
that are captured in the CPI basket, such as grocery, gasoline or housing ‘services’,
among others. Thus, these results extend to any sector(s) that is salient to households
and we show that knowledge of such household behaviour has implications for monetary
policy. It is important that the central bank is aware that some sectors are overweighted
in consumers’ inflation expectations. Once the central bank takes that into account, it

is able to deliver the appropriate nominal interest rate.
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In future research, we plan to make use of additional data sets to examine if there is
overweighting of housing in inflation expectations in more countries. In this paper, we
have kept the model as simple as possible in order to understand the direct implications
of overweighting. As a next step, we will also analyze if additional trade-offs and

interactions arise in more complex frameworks.
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Appendix

A.1 Benchmark coefficients

To get an ‘accounting’ benchmark, we regress CPI and components of CPI relevant
to housing on house price inflation. We use four different specifications, where the
independent variable is house price growth and the dependent variable in the respective
specification is (1) CPI inflation, (2) CPI shelter inflation, (3) sub-components of CPI
shelter inflation, and (4) OER sub-component of CPI shelter inflation. All specifications
include twelve leads and lags of house price growth. The regression coefficients from
each specification are then weighted by the relative weight of that specific component in
the CPI over two sample periods, 1987 to 2022 and 1997 to 2022. The relative weights
and estimated coefficients are as in Table A.1. The product of the coefficient with the
relative weight gives the benchmark coefficients which are reported in Table 1 in the

main text.
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Table A.1: Relative weights of CPI components and estimated coefficients

CP1 CPI inflation Shelter Rent of primary
component residence
Sample Avgrage Coefficient Avgrage Coefficient Ave.rage Coefficient
weight weight weight
1987 — 2022 1 0.004 0.310 0.087 0.071 0.086
1997 — 2022 1 0.033 0.322 0.123 0.068 0.090
CPI Lodging away from Owners equivalent Tenants and HH’s
component home rent of residences insurance
Sample Avetrage Coeflicient Avejrage Coeflicient Avgrage Coeflicient
weight weight weight
1987 — 2022 0.222 0.072
1997 — 2022 0.016 0.141 0.233 0.107 0.003 -0.032

Notes: The independent variable is house price growth across all specifications. Specification (1) has
CPT inflation as the dependent variable. In specification (2), the dependent variable is CPI shelter
where the ‘average weight’ refers to the average share of shelter in the aggregate CPI index over the
specified sample periods. For specification (3), each of the components of CPI shelter — rent of primary
residence, lodging away from home, owners equivalent rent, and tenants and households insurance —
are regressed on house price inflation, one at a time. The relative weight of each component in the CPI
is reported next to the coefficients. A weighted sum of these coefficients gives the benchmark coefficient
in the main text from this specification. We only estimate the 1997-2022 sample period under this
specification since the current practice of reporting these four components came into practice in 1997.
In specification (4), the dependent variable is OER inflation. The average weight is the share of OER
in the aggregate CPI index over the sample. All specifications include twelve leads and lags of the
independent variable. Standard errors are in parentheses, *» < 0.10, **p < 0.05, ***p < 0.01.
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A.2 Summary statistics

For the SCE data, the summary statistics for the main variables are in Table A.2.
The full sample includes about 109788 observations. The average one-year-ahead in-
flation expectations are about 3.82 per cent, the average one-year-ahead house price
expectations are 4.36 per cent, and the average one-year-ahead gas, food and rent price
expectations are 7.02, 6.45, and 7.99 per cent, respectively. The average age in the
sample is around 51 years and about 47 per cent of the respondents are females. 57
per cent of the respondents are a minimum of college graduates and 73 percent of the
respondents have high numeracy skills. Additionally, 55 per cent of respondents are
employed full-time, 73 per cent of the respondents are homeowners and around 64 per
cent of respondents are married or living with someone. Around 36 percent of the re-
spondents have household income in the range of $50000-100000 and around 29 percent
have household incomes above $100000.

Table A.2: Summary statistics - SCE

Variable Obs  Mean Std. Dev. Min Max P25 P50 P75
Inflation Exp.(1Y) 109788  3.82 4.8 -36 36 1 3 5
House Price Exp.(1Y) 109187  4.36 5.64 -36 36 1 3 6
Food Price Expectations (1Y) 110341  6.45 5.79 -5 30 3 5 10
Gas Price Exp. (1Y) 110341  7.02 9.31 -15 50 2 5 10
Rent Exp. (1Y) 110341 7.99 7.55 -6 50 3 5 10
Graduate or Higher 110122 .57 .49 0 1 0 1 1
Gender 110319 .47 .49 0 1 0 0 1
Age 110311 50.94 15.21 17 99 38 52 63
Homeowner 110332 73 44 0 1 0 1 1
Married or living with someone 110331 .64 A7 0 1 0 1 1
Employed full-time 110341 .55 .49 0 1 0 1 1
Household Income (over 100K) 109179 .29 A5 0 1 0 0 1
Household Income (50-100K) 109179 .36 A8 0 1 0 0 1
Numeracy (high) 110302 73 44 0 1 0 1 1

For the Michigan Survey of Consumers, the summary statistics for the variables of
interest are in Table A.3. The full sample includes about 67,924 observations. The aver-
age one-year-ahead inflation expectations are about 3.6 per cent, the average one-year-
ahead house price expectations are 1.4 per cent and the average gas price expectations
are 6.03 per cent. The twelve-month-ahead gas price expectations in the interview look
at the expected increase/decrease in gas prices in cents per gallon. The US All-Grade
Conventional Gas Price series has been used to convert this into one-year-ahead gas

price expectations.
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The average age in the sample is around 55 years and about 42 per cent of the

respondents are females. Close to 60 per cent of the respondents are a minimum of

college graduates while almost the entire sample has graduated high school. Around 71

per cent of respondents are married or living with someone. The average family size is

more than two individuals and the average total household income is $109382.

Table A.3: Summary statistics - MSC

Variable Obs Mean Std. Dev.  Min Max P25 P50 P75
Price 67924 3.60 4.02 -20 20 1 3 5
expectations (1Y)
House price 67924 1.40 4.97 -20 20 0 0 4
expectations (1Y)
Gas price 67924 6.03 9.66 -15.04 50.32 0 2.30 9.45
expectations (1Y)
College graduate 67661 .60 .48 0 1 1 1
High school graduate 67730 97 .15 0 1 1 1 1
Age 67517  54.96 15.74 18 97 44 56 66
Gender 67924 42 .49 0 1 0 0 1
Marital status 67850 .71 .45 0 1 0 1 1
Family Size 67924 2.64 1.36 1 13 2 2 3
Total household 64648 109382.7 89611.66 2400 500000 50000 85000 140000
income (current USD)
Market value of home 67924 845433.1 2181054 1000 9999998 150000 250000 450000
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A.3 Additional regression results

Table A.4 presents the OLS results after controlling for gas and food price expectations

using the SCE data. We find that the coefficient on house price expectations goes down

to 0.24 as reported in the main text in Table 2. For this reason, all specifications in the

main text include gas and food expectations.

Table A.4: Controlling for other expectations

(1)

(2)

(3)

Inflation expectations (1Y) (1) (2) (3)
House Price 0.251*** 0.248*** 0.240***
Expectations (1Y) (0.009) (0.008) (0.008)
Gas Price 0.053*** 0.020***
Expectations (1Y) (0.003) (0.003)
Food Price 0.154**
Expectations (1Y) (0.006)
Demographics Yes Yes Yes
Time Fixed Effects Yes Yes Yes
State Fixed Effects Yes Yes Yes
Other Expectations Yes Yes Yes
R-squared 0.182 0.191 0.2114
N 107519 107519 107519

Notes: This uses SCE data. Column (1) has OLS coefficients for the impact of house price expectations

on inflation expectations. Columns (2) and (3) control for gas price expectations, and gas as well as

food price expectations, respectively. Standard errors are in parentheses. * p < 0.10, ** p < 0.05, ***

p < 0.01.

The baseline results for first-time respondents only using MSC data are shown in

Table A.5. The baseline regression results for SCE with individual fixed effects are

shown in Table A.6.
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Table A.5: Baseline results for first-time respondents

(1) (2)

Price expectations (1Y) OLS IV-GMM
House price 0.019*** 0.396***
expectations (1Y) (0.006) (0.139)
First stage F-stat:

House price expectations (1Y) 15.47
Gas price expectations (1Y) 74.31
Hansen J-stat(Chi-sq p-value) 0.5383
Time fixed effects Yes Yes
Region fixed effects Yes No
Demographics Yes Yes
N 34695 33663

Notes: This uses MSC data. Column (1) has OLS for first-time respondents. Column (2) has IV-
GMM results for first-time respondents using WRLURI, the interaction of WRLURI with real 30-year
mortgage rate, and real gasoline taxes, and lagged real gasoline prices as instruments. Standard errors
are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Table A.6: Baseline with individual fixed effects

Inflation Expectations (1Y) (1)
House Price Expectations (1Y) 0.137*
(0.007)
Time Fixed Effects Yes
State Fixed Effects Yes
Other Expectations Yes
R-squared 0.046
N 107519

Notes: This uses SCE data. Standard errors are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
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A.4 Cross-sectional heterogeneity

We explore cross-sectional heterogeneity in both datasets. We first examine the impact
of having moved residences recently, by looking at respondents in SCE who answer
affirmatively to the question, “Since [last survey Month Year|, have you moved to a
different primary residence (the place where you usually live)?”. This is shown in Table
A.7 along with how this differs for homeowners and renters. We find that those who
have moved homes since the last survey overweight house price expectations more than

those who haven’t, irrespective of home-ownership status.

Table A.7: By home-ownership and having moved since the last survey

(1) (2) (3)

Inflation Expectations(1Y) All Homeowners Renters
Moved home recently*House 0.335 0.332*** 0.345**
Price Expectations (1Y) (0.028) (0.039) (0.043)
Not Moved home recently*House 0.238* 0.220*** 0.273*
Price Expectations (1Y) (0.008) (0.009) (0.017)
Stat. diff. in coefficients (Wald Test)  0.0005 0.0032 0.0905
Demographics Yes Yes Yes
Time Fixed Effects Yes Yes Yes
State Fixed Effects Yes Yes Yes
Other Expectations Yes Yes Yes
R-squared 0.210 0.215 0.209
N 107502 78915 26730

Notes: This uses SCE data. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

Subsequently, we split the sample between homeowners and renters to look at the
impact of likelihood of default i.e. not being able to make one of the debt payments
(that is, the minimum required payments on credit and retail cards, auto loans, student
loans, mortgages, or any other debt) in Table A.8. This is useful to understand the
impact of (pessimistic) attitudes on overweighting behaviour. We find that irrespective
of homeownership, those who have a likelihood of default overweight from house price
expectations more than those who do not expect to default on their payments.

Next, we look at the impact of gender and age-cohorts in Table A.9. We find
that females overweight more from house price expectations relative to males, and the
difference is statistically significant. Also, those in the age group of over 60 overweight
the least from house price expectations, but the difference across age groups is not

statistically significant.
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Table A.8: By likelihood of default

M ®)
Inflation expectations (1Y) Homeowner Renter
Default*House Price 0.251*** 0.296***
Expectations (1Y) (0.015) (0.021)
No default*House 0.211*** 0.259***
Price Expectations (1Y) (0.010) (0.018)
Statistical Difference in Coefficients (Wald Test) 0.0052 0.0645
Demographics Yes Yes
Time Fixed Effects Yes Yes
State Fixed Effects Yes Yes
Other Expectations Yes Yes
R-squared 0.216 0.210
N 78888 26706

Notes: This uses SCE data. Standard errors are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table A.9: By gender and age

(1) (2)

Inflation expectations (1Y) Gender Age
Male*House Price 0.196**

Expectations (1Y) (0.012)

Female*House Price 0.273*

Expectations (1Y) (0.010)

Age (> 60)*House Price 0.228*
Expectations (1Y) (0.012)
Age (40 - 60)*House 0.246**
Price Expectations (1Y) (0.012)
Age (< 40)*House 0.249***
Price Expectations (1Y) (0.015)
Statistical Difference in Coefficients (Wald Test) 0.0000 0.3856
Demographics Yes Yes
Time Fixed Effects Yes Yes
State Fixed Effects Yes Yes
Other Expectations Yes Yes
R-squared 0.212 0.210
N 107519 107519

Notes: This uses SCE data. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
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A.5 Derivation of the IS equation

Log-linearizing the Euler equation (10) after imposing market clearing condition y; = ¢
gives

1 . -
Ye = Eyyepr — s (ip — Eyfregn — P) . (A'l)

Substituting the real interest rate r; = i; — E;m;,1 in the above gives

1
Yy = Ky — ; (Tt - p) . (A-Q)

Equation (A.2) in the case of natural output is

1
vt = By — s (rf —p). (A.3)
Subtracting (A.3) from (A.2)

. n L. - n L .
U =Y — Y = | By — s (1 — Eyfrpgr — P)] - |:Etyt+1 . (ri —=p)|,

gives the IS in the main text, equation (13).

To get the natural real interest rate, from (A.1) we get

1. -
E; Ay = ; (Zt — By — p) .
Natural output is defined as
Y = yea + Uy,

14
bto

Taking the first difference of the above gives

where 1y, = and v is a set of constants.

EtAytn_,'_l = w;la]EtAa/,H,l. (A4)

Using equation (A.4), we then evaluate equation (13) for 7} to yield an expression for

Ty as
i =iy — Eymipr — 0 (Beeyr — ) -
Simplifying further,
ry =i — Eym — o (Et (yt+1 - ?/?+1) — (Y — yf)) =i —Emp — 0o (]EtAyt+1 - EtAny) .
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This gives the final expression for the natural level of interest rate
ry = p+ oy Eilap. (A.5)

This shows that the natural level of interest rate is a function of expected technological
progress as well as households’ discount rate, as in the standard NK framework, and is

not affected by the households’ overweighting behaviour.

38



A.6 Derivation of the NKPC

In this section, we show the derivation of the sectoral NKPCs in the case without
accounting for the overweighting behaviour of the households.

The firm’s profit maximization problem is given by

maxE,‘jo:O@fEt [Qt,t+k (Pf,ty},wk( i) =TC} t—i—k\t( Yi sk (i )m,

J,t*

where T'CY, +x¢ denotes the nominal total cost of the firm in sector j. Substituting the

demand functlons and using the market clearing conditions we get

* 'P.;tt Y 'P;jt -
Qt,t-‘rk Pj,t Pj,t—',—k Cj,t—i—k ey Jit+klt Pj,t—',—k Cj,t+k :

Substituting the discount factor Q.1 = 5" (C”’“) Lt and maximizing with respect

Ptk
to Pry,

o~ pk
maxy. k:()@j E,
) t*

the first-order condition is

Ciru\ 7 P Piy Y Pl \ Y Gl
3 < 1—¢; : Cjoan+ MC,e; 3t Stk
Ct Pt+k: ( ]) f)j,t—i-k Jitt+k Jt+k|tI Pj,t-}—k P"

This simplifies to

C I >/ pP* N\ "%
k t+k t gt . .

P P Cj P; M C" —0.
0 ( Ci ) t+k ( j,t+k) ]’Hk( e €j t+k|t)]

Using the sectoral prices to get the real marginal cost we get

el ekEt

S o0V E,

Cirr\ P Py \TY
¥ ONE, | BF Z C; P, — —MCj =0.
k=l | 5 ( Cy ) P,y (Pj,t+k JHE ot 63’ stk
Solving further and dividing by P;;_; throughout
Pjx k k<0t+k>g P,
302 0K —P7
1 k=0Yjt B Ct Pt+l<: gtk gtttk
C - P 14€; 1
= SR 0K, |88 (2R ) S (P  ChurkMC i A6
€ — 1 ¢ |5 ( C, Pt+k( ],t—i—k) Jit+k t+k|tp',t_l ( )
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Now, the first-order Taylor expansion of the LHS is

P, — P\ (PP, Cran — C C,—C
1 it Iy _ [ Lut=d J _ t+k v t
—l—( P ) ( P +(—0) — 0 (—0o) 8 +
P —-P\ (Py—P A Pigrn — L Cjirr — Cj
() - () e (B 2) + (670))

S 0464 P C,

This simplifies to

Sieoly B P i1+ (05 — 1) — (o1 — pj) + (=0) (ctar — €) = (=0) (¢r — ¢)
+(pe —p) = (Peyr — p) + €j (pj,t+k - pj) + (Cj,t+k - Cj)]'

Next, consider the first-order Taylor expansion of the RHS

7 14+(—0) <%) —(—0) (Ct; O>+(1 +¢5) (—Pj’”j’;_ Pj)
a J
. P7t+k - P n P—-P n Cj,t—i—k — Cj _ Pj,t—l — PJ N MC’;’tJrk“ — MCJT

which further simplifies to

€j

S0 BB P O MCY

)

3

. 122109fEt5kﬂ?jCjMCﬂ1 + (=0) (ctre — ¢) = (=0) (et = ¢) + (1 + &;) (Dje+r — P;)

— (Peak = p) + (e = p) + (ke — ¢5) — (Pje—1 — pj) + (M 4y — MCG)].
(A7)

Combining the LHS and RHS, we get

oo o0

Z 9? BE, (p;,t — Ditrk) = 2 1M Cj Z 9? BE, [mcg,twclt - mcﬂ )

k=0 J k=0

which simplifies to

(o)

Py = (1= 0;8)> 088'E, [mc],,, — mc) + pjasi] -
k=0
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. . r _ r ‘s T — AT
Substituting mc}, ., = mcj, ., and mcj, . —mc; = mcj, ., we get

Py = (1= 0;8) ) 05BYE, [mc], \ + pjass] (A.8)
k=0

Subtracting p;;—1 from both sides and simplifying,

D5y = Piaar = (L= 0;8) Y 05BYEy [,y + Djask — Pia—i]
k=0
= (1-16;5) Z 9?5"‘1Etm6§,t+k +(1-05) Z QfﬁkEt (Djt+k — Pja-1) 5
k=0 k=0
= (1= 0;8)) 0¥ B Emic], . + (1= 0;8) Ba[098° (D0 — pju—) + 0} 8" (D1 — Pia
k=0

+ it = Dja—1) + 0567 (Djere = Djerr + Dieer = Djs + Pie — Pip—1) + -]y

= (1—0;8) ) 058 Eemic],,p + By [098°750 + 01 8 )1 + 0267042 + ]
k=0

=(1-10,p) Z 05 B"Esmicy,  + (1 — 0,5) Z 0% BY By (T 14k -
k=0

k=0

We can take out & = 0 terms from each of the summation operators to write the above

equation compactly as a difference equation. Using m;; = (1 — 6,) (p;t - pjjt_l), we get

p;f’t — pj,t—l = ejﬁ (1 - 9]6) Z efﬁkEtTfLC§7t+k+1 + Z ef/@k]Et (7Tj,t+k’+1) + (]. - 9]6) nicg,t ‘|‘ 7Tj,ta
k=0 k=0

= 0,88, (D141 — pje) + (1= 0;8) mic}, + (1 —0;) (P}, — Pie—1) ,

=p(1—-0;)E, (p;',t—l—l - pj,t) + ((1 — ej)g(jl — 93’5))

AT
me; ;.

This gives the NKPC in terms of marginal cost

AT
e = BEymj 01 + X5mMC g,

(1-0;)(1-0;8)
0; :

To derive NKPCs in terms of output gaps as in equations (16) and (17) in the

where x; =

main text, we begin by linearizing the price ratio defined in equation (6). This gives

Pt = PNt +wr = pot + (w—1) s, To derive equation (16), the real marginal cost of a
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firm in sector N can be defined as

mCSV,t = Wt — PNt — ANty
= Wy — Py + WS — ANy,
= oy + ¢l — any + wsy,
= oy + QY — Pa; — any + wsy,
= (o +P)yns — (0 + P)ws; — pay — any + ws,
= (0 +Q)yny + (1 — 0 — d)ws, — pa; — any,

where we have used the household’s labour supply condition, w; —p; = oc¢;+¢l;, demand
relation, ¢y = ws; + ¢, and market clearing condition cy; = yn -

We have mcy, = mcy, —mcy = (0 + @)ine + (1 — 0 — p)ws,.

Hence, the sectoral NKPC for sector N is

Nt = BEN 1+ X (0 + @) yne + (1 — 0 — @)wsy) .

Proceeding in the same way, we get the sectoral NKPC for sector O

Tor = BEmo 11+ xo (0 +@)Josr + (0 + ¢ —1) (1 —w) 5).

A.6.1 NKPC in case of over-weighting

In the presence of overweighting, equation (11) in the main text for j = N is

—0 1—w—4§ pw+d
I 0 pk k Ct,t+k PN,t PO,t PN O
P k=0VN-"-1 /8 C Pl—w—§Pw+5 N,t+k~ N,t+k
N,t—1 t Nit+k * Ot+k
—0 1—w—0 pw+o
. EN 200 ek E k Ct,t-‘rk‘ PN,t PO,t P 1+en C MCT 1
- 1 k=0Y N1 ﬁ C 1—w—0 pw+o ( N,t+k) Nit+k N,t+k\t—P
N T ¢ Pk ot N,t—1
(A.9)

This is the equivalent of equation (A.6) in the presence of overweighting behaviour of

households through the ‘perceived’ price index in the stochastic discount factor.
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Taking the first-order Taylor expansion of the LHS of the above

P€N+w+61 P;[ —PN PN—l_PN Ck—C
Yo pkgkp N [1 Nt SN (DNl TN _ Stk T Y
00N pats ~v|1+ ( Py P +(—o) G

S (B55) o n (B s ()

+(en +w 36— 1) (—PN’t+]§ — PN) — (w+9) <—Po’t+]’; — PO> - <—CN’”C’i - CN)} .
N O N

This simplifies to

PeN +w+i—1

Sitofn Bt P s Cn[1+(phy — ) = (Pva-1 = px)+H(=0) (cesr — €)= (=0) (e — ¢)

+ (1 —w—10)(pne — pv) + (W +0) (pos — po) + (exn +w 40 — 1) (DN sk — D)
—(w+9) (pO,t+k —po) + (CN,t+k —cn)).
Taking the first-order Taylor expansion of the RHS
EN . N N P6N+w+5 1 : Ct+k - C Ct . C
—X E P— M R ) (=

ey — 1 k= ofNErS pats CnMCy |1+ (—0) G (—0) -

Py — P, Po,— P, P _ P
+(l—w=0) (T )+ (w+d) P )+ W+ +ey) [ E—F

PN PO PN

_(w + 6) PO,t—‘rk - PO + ON,t-{—k - CN _ PNﬂg_l — PN X MOR/,t—i—kﬁ - MCN
PO CN PN MCN

which simplifies to

Y

ey — 1220 09 Etﬁ PWCNMC]TVH + (—0') (CtJrk — C) — (—O') (Ct — C)
0
+ (1 —w—=0)(pni—pn) + (W +0) (por —po) + (w+ 6 +en) (Pvitr — Pn)

— (W +6) (Pot+r — po) + (enprk — cN) — (DNg—1 — PN) + (mc}”w%u — mey)].

Combining the LHS and RHS, the terms with the overweighting parameter cancel out,

we get

29 BYE, pNt pN,t+k) = GNEN MCNZQ B E, [mCtJrk\t mCrN}a

further simplifying to
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p?\f,t - (1 - 81\76) ZQ?VBkEt [TﬁC;V’Hk +pN,t+k} . (AlO)
k=0

This is the same as in equation (A.8) for j = N in the case with no overweighting.
Similarly. it can be shown that we get the same for j = O as well. Thus, overweighting

of house price expectations by the firms does not change the Phillips Curve.
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A.7 Derivation of central bank’s loss function

Consider the utility function of the representative household
U - U (CN,t7 CO,t) - V (LN,ta LO,t) . (All)

To derive the welfare function from the utility function, consider the second-order ap-
proximation of the utility from the consumption of the two goods. We know U (C}) =

% and C) = (Cxy)' ™ (Co,)*. Then

! !/ 1 "
U (CNJ;, C(),t) - U (ON, OO) + UCN (O]\mg - ON) + UCO (CO,t - CO) + §UCN (O]\mg - ON)2
1

"3

Ut (Coy— Co)? + Ul e, (Cny — Cn) (Cow — Co) + O |I€]17,
(A.12)

where O ||€||’summarizes all the terms of the third and higher order.

Cii—Cj 4 . . Cit - o
We know, ”Cj 1= qﬂ—%cit where ¢;; = log (%) is the log deviation from the steady

state under sticky prices. Substituting the derivative and writing in log deviations from

steady state

. l, owW-1)—-w/. 1, )\
U (CN¢, CO,t) ~U (CN, Co) + U/CNCN |:CN,t + 50?\77,5 + # (CN¢ + _c?\ﬂt)

2 2
. 1, . 1,
+w(l—0)|éne+ §CN¢ Cor + §Co,t

/ A 1, w(l—0)—1/, 1, ’ 3
+UCOCO Co,t+§co7t+f CO,t+§Co,t +O||§|| .

(A.13)

Substituting U/C' = (1 — w) Uy, On = wU;,Co in the above and simplifying

U(Ct) - U<C> ~ UévC|:(1 —w) éN,t +w&07t + (1 ; O-> (1 _w>2 é?\[,t + (1 B O-> WZé%’t

+w(l—w)(l-o0) éN,téO,t:| +0e?. (A.14)

Next, we consider the disutility of labour for the households

[+
Vi) =

(A.15)
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where L; = Ly + Loy. The second-order approximation of this function is

1
V (Lt Ling) =V (L, Lo) + Vi, (Lvy = L) + Vi (Los = Lo) + 5 VI (Lve — L)

1
+§VL"O (Loy — Lo)* + V{1, (Lny — Ln) (Log — Lo) + O ||€]1°.
(A.16)

We know LTN = (1 —w)and LTO = w. Substituting the derivatives and further simplifying

1 —w

V(L) -V (L)~ VL { (1—w)iye+ (T) By +wlog + gigt

PO 0P By + L, o (1 - w) ZN,tio,t] Lol (A7)

Combine equations (A.14), (A.17) and substitute V/L = —U/,C to get the welfare

function

1— 1—
W m ULC| (1 — w) ény + wéo, + < 5 ") (1—w)? &, + < 5 ") W,

N N ~ 1 — W ~ w
+w(l—w)(1—=0)énicor— (1 —w)lns — (T) fle,t —wloys — Elqzo’t

- 0= By 5, — (1 - @) idou| + O (A18)

We know lAjﬂf =9+ — aj+ +d;Vj = N,O where

by = g / (B) ™ e

J

Also, from market clearing we have ¢;; = ¢;,. Substituting in (A.18)

W
ULC

1—0
2

. . N l1-0 . A
~ (1 —w)gnt +wior + < ) (1—w)? 9, + <2> WP, +w (1l —w) (1= 0)dndos

1—w w2

— (1= w)ivg— (1 —w)dny — (2) oo+ (1= w) ivasane —wior — (5 ) 5o —wdoy

A ¢ X X ¢ R R
+twjoraor — 5 (1—w)? 9+ (1 —w)gnsans — 5 (1 —w)? 3, + dwfo a0y

—pw (1 —w) GnsJos + ow (1 —w) Intaos + ¢w (1 — w) Goans + tip+ O€]?,
(A.20)
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where t.i.p includes all the terms independent of policy.

The linear terms in (A.20) cancel out. Consider first the following quadratic terms

1—w

1—w) . . . A
-—<j2>y%¢+(1—uﬂyN¢aMt—'—<:2>[y§t—2yNﬂ%wJ- (A.21)

Substituting an¢ = y3, — 97 + a; (where gi'and g} ,are flexible price aggregate and sectoral

outputs, respectively) in (A.21)

1-—w) . . 1-w) q. )2 L N
- <2> yJQV,t + (1 —w)gneans = — (2> [?JzQVt - (yzrift) + 20N Yy — ZQN,tat} )
(A.22)
where gN,t = @N,t - @%,t-
Similarly, the quadratic terms for sector O can be simplified to
W\ . . A n N2 o .
- <§> yQO,t +wyoraor = — (2> [3/20,15 - (yg,t) + 2y0,ty? - 2yo,tat . (A'23)

Next, we simplify the following quadratic terms as

1—0 R R .
( 9 ) [(1 - W)Q yJQV,t + WQ?/%,t +2w (1 -w) yN,tZ/O,t]
¢ N N o l—0o—9¢).
— a0+t + 2w (1w gvedos| = (—5— ) 77 (A24)

Using (1 —w) ant +waop+ = at, the remaining terms in (A.20) can be simplified to

¢ (1 - w)2 yntant + ow (1 — w) gotan,t + ¢w2ﬁo,tao,t + ¢w (1 —w) YN a0 = PYray.

Also, at flexi-price equilibrium g;* = 1+¢

o160t SO

biiar = o (1’12) Gl (A.25)

Combining (A.22), (A.23), (A.24), and (A.25), the welfare loss function is

w 1-—w) W _o l—0c—9¢ 5 o
0.0 - <2> yN,t_EyO,t"’_Tyt —(1—0o—¢) 50

— (1= w)dny —wdoy + tip+ O |€[ .
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Completing the squares in terms of aggregate output

W
ULC

c+¢—1
2

+tip+Ol¢)P. (A.26)

1 N i _
~ —EEOZinBt (1—w) %, +wiip, + ( > 72 +2(1 —w)dny + 2wdoy

In section (A.7.1), we show that d;; = > ;o Btvaripj ().
Based on Woodford (2003) Proposition 6.3, we know

o0 o0

, 1
> Blarips (i) = — > By,
t=0 X3 =0
where x; = M. Therefore
Z /Btfvm“ng, Z Bt (A27)

Substituting for d;; in (A.26), the welfare loss function is

w

o~ =S B oﬁ[(1—W)3312V,t+w?3?),t+(0+¢—1)Z~7t2
C

g .
+ﬂ—w)%ﬁ—om%J+Mp+OKW. (A.28)
XN T Xo '

A.7.1 Second-order approximation of price dispersion

‘We know that
Zj,t = (Yt — aje +dj),

1 .
z Jt DYy A
djt = log i. (A.29)
0

1—¢;
We use the second-order approximation of ( P;?) , where pj(i) = pjs (i) — pjt is approx-

where

imated around zero such that

1—¢;
(ng(t )> = exp(l — &) (pje(i) = pje) = exp(l = &5) (Pje(7)) -

The second-order approximation is

1-¢;
(Pg(t)> ~ 1 (=) (i) + %(1 — ;)% (pu(i)” . (A.30)
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1
From the definition of sectoral price index, Pj; = ( fol Pj(i)t=i di) "% we have

1 —
Az 1—5]- J
1= /<Pﬂ(z)> di :
s\

Taking Expectations of both sides of A.30

(i 1—¢;
E<<PP<>> >%E L (L 65) () + 1 - 2500

where E; denotes the expectations operator with respect to good ¢. This can be further

simplified to ) )
Eipji(i) ~ _5(1 — &) E; (9:(1)?) = —5(1 — ))Varip;i(i). (A.31)

)\ —E
Next, we do a second order approximation of <ng (:) > " in djt

P()\ & 1
( ﬁm) ~ 1= epin(i) + 5eipie (i) (A-32)
2 2

Finally, substitute equations (A.31) and (A.32) into equation (A.19) to get the second order

approximation of dj;

! L1 .
djt S lOg {/0 [1 — e’-:jpjt(l) + 2€?pjt(l)2:| dl} s
which further simplifies to

£ ,
djt & Ejvarpjt(z).
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A.8 Parameters

Table A.10: Parameters and standard deviation of shocks

Parameter Value
Discount factor 16 0.99
Inverse TES o 1
Inverse Frisch elasticity of labour supply 10) 5
Elasticity of substitution between goods (N) EN 9
Elasticity of substitution between goods (O) €0 9
Price stickiness in sector N On 0.75
Price stickiness in sector O 6o 0.75
Cost-push shock persistence in sector N Pun 0.8
Cost-push shock persistence in sector O Puo 0.8
Technology shock persistence in sector N Pay 0.9
Technology shock persistence in sector O Pao 0.9
Share of housing in consumption w 0.5
Overweighting paramater ) 0.3
Cost-push shock in N standard deviation Tun 1
Cost-push shock in O standard deviation Oup 1

Notes: This table shows the parameter values used in Figures 2 and 3 in the main text.
We have kept the two sectors, O and N, to be symmetric and other parameter values

are from Gali (2015).
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