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Abstract

This paper shows that regional disparities in house price growth are more pronounced
during house price busts than during booms. To explain this observation, we construct a
two-region currency union model incorporating a housing sector and extrapolative belief
updating regarding house prices. To solve the model, we propose a new method that
efficiently handles extrapolative belief updating in a wide class of structural models. We
show that intensified extrapolation in busts and regional housing market heterogeneities
jointly explain elevated regional house price growth dispersion in busts and muted
dispersion in booms. Consistent with our theory, we provide empirical evidence that
house price belief updating is indeed more pronounced in busts, and we document that
regional heterogeneities on the housing supply side affect regional house prices.
Quantitatively, our model can match empirically observed elevated regional house price
growth dispersion in busts. Moreover, we demonstrate that a monetary authority
targeting house prices may reduce the volatility of output and prices as well as regional
house price growth disparities. This policy is welfare-improving relative to an inflation-
targeting benchmark.

Topics: Housing, Monetary policy, Monetary policy transmission
JEL codes: E31, E32, E52, F45

Résumeé

Cette étude montre que les disparités régionales dans la croissance des prix des
logements sont plus prononcées pendant les périodes d'effondrement que pendant les
périodes d'emballement des prix. Pour expliquer cette observation, nous construisons un
modeéle d’'union monétaire a deux régions intégrant un secteur du logement et une
actualisation des croyances extrapolatives concernant les prix des logements. Pour
résoudre le modéle, nous proposons une nouvelle méthode qui gere efficacement
I'actualisation des croyances extrapolatives dans une large famille de modeles structurels.
Nous montrons que l'extrapolation accrue durant les périodes d'effondrement et les
hétérogénéités régionales du marché du logement expliquent, ensemble, la forte
dispersion régionale de la croissance des prix des logements durant les périodes
d'effondrement et leur dispersion modérée durant les périodes d'emballement.
Conformément a notre théorie, nous fournissons des données empiriques indiquant que
I'actualisation des croyances a I'égard des prix des logements est effectivement plus
prononcée en périodes d'effondrement, et nous montrons que les hétérogénéités
régionales du cbté de I'offre ont une incidence sur les prix régionaux des logements. Sur
le plan quantitatif, les résultats de notre modeéle peuvent correspondre a la forte
dispersion régionale observée empiriquement dans la croissance des prix des logements
en périodes d'effondrement. De plus, nous démontrons qu'une autorité monétaire qui



cible les prix des logements pourrait réduire la volatilité de la production et des prix ainsi
que les disparités régionales dans la croissance des prix des logements. Une telle politique
améliore le bien-é&tre par rapport au régime de ciblage de l'inflation utilisé comme cadre
de référence.

Sujets : Logement, Politique monétaire, Transmission de la politique monétaire
Codes JEL : E31, E32, E52, F45



I. INTRODUCTION

A substantial body of literature connects boom-bust cycles in house prices to over-optimism and

over-pessimism regarding the future evolution of house prices.!

The bust phases of these cycles
are often associated with significant economic costs, making them a primary concern for policy-
makers, particularly central bankers.”> However, housing markets are inherently regional; so, too,
are housing cycles and the economic costs associated with them. While a substantial literature
examines housing cycles and their implications for monetary policy at the federal level, there is
comparatively little focus on regional heterogeneities in house price dynamics. This paper seeks to

address this gap.

This paper contributes to the literature in several ways. Empirically, we document that regional
disparities in house price growth are more pronounced during housing busts than during booms.
To account for this observation, we develop a two-region currency union model that incorporates
regional heterogeneity in housing markets and extrapolative belief updating regarding house prices.
To solve this model, we propose a new method that allows us to efficiently solve structural models
with extrapolative belief updating. In our model, intensified extrapolation in busts and regional
housing market heterogeneities jointly explain cross-regional house price growth divergences in
busts.

To validate our theoretical modeling choices we turn to the data. First, we show that households’
expectations for future house price growth are formed by extrapolating on realized growth rates, with
a stronger extrapolation from past to expected rates during busts than in booms. Second, we provide
evidence that cross-regional variation in house prices is associated with structural differences in
housing supply. Using these insights, we calibrate our model to the U.S. economy, demonstrating
that it quantitatively matches the response of aggregate house prices and their regional dispersion in
growth rates to monetary policy shocks in both booms and busts. Finally, we illustrate that by lean-
ing against aggregate house prices, the monetary authority can mitigate cross-regional disparities in

house prices and economic activity, resulting in welfare improvements relative to the baseline case.

We begin by presenting our central empirical finding, namely that cross-regional dispersion in
house price growth rates are more pronounced during busts, both unconditionally and conditionally

on macroeconomic shocks. First, we document that the cross-regional standard deviation of house

ISee, e.g., Case et al. (2012); Armona et al. (2019); Kuchler and Zafar (2019); Ma (2020); Kaplan et al. (2020)
2During the global financial crisis of 2008, 20% of household wealth (Dettling et al., 2018) and 8 million jobs
were lost (Mian and Sufi, 2015). During this time, the Fed responded by drastically cutting interest rates.



price growth among major U.S. cities is 50%-60% larger during bust periods compared to booms.?
We further show that these patterns are also present at U.S. state levels and for the Euro Area at the
country level. Second, conditional on monetary policy shocks, we observe a significant and sizable
increase in cross-city standard deviations of house price growth during busts, while the response is
muted and far less significant during boom periods. This result is robust regarding other types of

shocks.

To rationalize the structural forces giving rise to our empirical findings, we construct a two-
region currency union New Keynesian model. We extend the framework of Benigno (2004) by (i)
incorporating a housing sector, and (ii) allowing for subjective expectations about house prices.
Housing markets are regional and regions are symmetric except for the housing supply side. In
this model, households form subjective expectations only about house prices. This assumption is
motivated by the central role of house prices in our framework. However, households’ expected
endogenous choices, for instance their expected future consumption, depend on future house prices.
Therefore, these expected endogenous choice variables are also shaped by subjective expectations.
This raises the issue of characterizing subjective beliefs regarding these variables.

To solve this type of model, we propose a novel method, based on first-order approximations,
for solving general equilibrium models with time-consistent but non-rational expectations, such
as extrapolative asset price beliefs. Our approach offers the advantage of restricting subjective
expectations exclusively to house prices while maintaining the rational expectations hypothesis
for all other variables exogenous to the agents. The ability to confine subjective expectations to
specific variables allows us to model expectation formation in a data-consistent way where data
is available, while adhering to the established benchmark for variables where data is unavailable.
This method further enables us to explicitly characterize the expectations of endogenous variables,
that is, of household choices. Finally, the first-order approximation renders our model compatible
with standard solution methods used in the DSGE literature, making it easy to handle, scale, and

serve as a basis for Ramsey-type analyses of optimal policies.*

Equipped with our model, we demonstrate analytically that regional differences in housing mar-
kets, combined with house price belief extrapolation, can account for the asymmetry in house price

growth dispersion observed across the house price cycle.? First, regional heterogeneity in housing

3Throughout the paper, a bust period is defined as one in which house prices declined in the previous period.

4Our solution method contrasts with that introduced by Winkler (2020), which, although based on first-order
approximation, does not confine subjective expectations to specified asset prices and results in belief spillovers to all
other prices. Conversely, Adam et al. (2022) solve a similar model using non-linear solutions.

>We focus on monetary policy shocks, but the general proposition extends to all shocks that affect housing demand.
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markets creates regional differences in the responsiveness of house prices. Second, subjective
expectations about house prices introduce a backward-looking component through extrapolation.
This mechanism dynamically amplifies the responsiveness of house prices: When agents observe
an increase in house prices, they anticipate further price increases in the future, leading to height-
ened demand for housing and, subsequently, driving prices even higher. The interaction of these
two forces generates the following dynamics: Regional heterogeneities in housing markets create
differences in regional house price growth rates, which are further amplified by extrapolation. This
result allows us to align our theoretical model with the empirically observed patterns. Specifically,
our model is capable of generating pronounced regional dispersion in house price growth during
busts, provided extrapolation is stronger in those periods. The intuition is straightforward: Extrap-
olation amplifies regional disparities, so when extrapolation intensifies during busts, it results in
greater regional dispersion in house price growth, consistent with the empirical evidence.

The following example illustrates this mechanism. Suppose an expansionary monetary policy
shock increases housing demand. House prices rise moderately in a region with an elastic housing
supply and more strongly in a region with an inelastic supply. Households extrapolate from these
changes, expecting higher future price growth particularly in the inelastic region where the initial
price rise was greater. This optimism increases housing demand and further raises prices, especially
in the inelastic region. Thus, extrapolation amplifies the initial regional price differences. This
effect is more pronounced during busts as expectations react more strongly to observed price
movements, intensifying cross-regional dispersion in house price growth in these periods.

In a version of the model with fully rational expectations, the ability of cross-regional differ-
ences in housing markets to produce differences in house prices in response to a shock is much
weaker. Additionally, this version lacks extrapolative belief updating and, thus, cannot account for
amplified cross-regional heterogeneity in busts in the absence of any additional frictions. Moreover,

this model version is generally less responsive to shocks.

To test our theoretical predictions we move to the data. First, we estimate the extent to which
U.S. households’ house price expectations depend on prior expectations and past house price growth
and find that the pass-through from past house price growth to expectations is stronger during busts
than during booms, that is, households update their beliefs more strongly during busts. Second,
we investigate the response of regional house prices to a common monetary policy shock, using
a panel local projections approach to the data. Furthermore, we differentiate these responses by
incorporating interaction terms, based on regional housing supply conditions. We find that in more
supply-constrained regions, house prices exhibit a stronger response to a monetary policy shock.
These findings are consistent with our theoretical predictions and provide a basis for calibrating

our model with respect to house price belief formation and heterogeneities in housing supply.



We use the calibrated model to analyze the response of house prices relative to an empirical
counterpart. Specifically, we target the estimated aggregate house price response to a monetary
policy shock, independent of boom-bust asymmetries in belief updating. When accounting for
asymmetries in the belief updating process, the model accurately captures the magnitudes of ag-
gregate house price changes in both booms and busts even though these asymmetries were not
targeted. The model also successfully replicates the regional house price growth dispersion ob-
served during booms and busts in response to a monetary policy shock. In contrast, the rational
expectations version of the model fails to match these dynamics, underestimating aggregate house

price responses by a factor of three and generating no significant difference in regional house prices.

Finally, we investigate the extent to which leaning against house prices influences economic
outcomes. Specifically, we assess the effects of including aggregate house prices in the Taylor rule
compared to a baseline rule focused solely on inflation stabilization in response to a productivity
shock. Our findings indicate that adding an additional coefficient targeting house prices to the
Taylor rule reduces the volatility of both the output and house prices, albeit at the cost of increased
inflation volatility. Notably, a stronger response to house prices reduces the regional dispersion for
all variables. Therefore, in our framework, leaning against house prices has the additional effect of
synchronizing economic activity across regions. The underlying intuition is that regional hetero-
geneities originate in housing markets and are subsequently propagated throughout the economy
via house prices. By targeting house prices, the central bank reduces the extent to which house
price beliefs can diverge, thereby mitigating the channel through which regional heterogeneities
in housing markets can spill over to the real economy. We show that house price targeting is
beneficial under subjective expectations, expressing the utilitarian welfare as in Gali (2015).% In
booms, welfare is improved by 6% relative to the inflation targeting baseline. In busts, when
belief extrapolation is stronger, we observe a welfare gain of 25% relative to the inflation-targeting

baseline.

Related literature. Our paper relates to a broad empirical literature emphasizing that house price
beliefs are not formed according to rational expectations.” This literature highlights the momentum
and revisions in the formation of beliefs regarding house prices. On the theoretical side, we connect

to the behavioral macro-finance literature, which focuses on deviations from rational expectations

%Specifically, the welfare loss is expressed in terms of the equivalent permanent decline in consumption, measured
as a fraction of steady-state consumption.
’See, for instance, Case et al. (2012); Armona et al. (2019); Kuchler and Zafar (2019); Ma (2020).
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in terms of asset price expectations.® More specifically, our paper relates to the literature on
capital gains extrapolation.” Regarding house prices, Glaeser and Nathanson (2017) and Schmitt
and Westerhoff (2019) model house price expectations through certain forms of extrapolation in a
partial equilibrium environment. In contrast, we focus on a general equilibrium New Keynesian
environment, which is most closely related to Adam et al. (2012), Caines and Winkler (2021),
and Adam et al. (2022). Other studies, such as Burnside et al. (2016), Guren (2018), and Kaplan
et al. (2020), explain house price behavior through optimism and pessimism, the concave demand
curves sellers face in the housing market, or the exogenous shifts in house price beliefs. Our
contribution to this body of literature lies in emphasizing the asymmetric evolution of asset price
beliefs during boom and bust episodes. Additionally, we introduce a new solution method for
models incorporating capital gains extrapolation.

We also contribute to the literature examining regional housing supply variations in the United
States. Studies by Mian et al. (2013), Mian and Sufi (2014), and Guren et al. (2021) leverage housing
supply elasticities to explore the housing wealth effect. Our work is closely related to studies by
Aastveit and Anundsen (2022) and Aastveit et al. (2023), which demonstrate that house prices
in U.S. metropolitan areas with more-inelastic housing supplies exhibit greater responsiveness
to monetary policy shocks. We focus on the state level instead. Furthermore, we show that
similar patterns can be observed in the Euro Area. While the aforementioned studies are primarily
empirical, our contribution lies in providing theoretical insights to interpret our empirical findings.
We also connect to Glaeser et al. (2008), who show both theoretically and empirically that more
supply-inelastic regions have a higher probability of experiencing a house price bubble. In contrast
to their approach, we highlight asymmetries in house price belief formation, construct a general
equilibrium New Keynesian model, and focus on monetary policy.

We focus on a setup involving multiple regions governed by a single monetary authority,
thereby connecting to the literature on cross-regional heterogeneities in currency unions. Studies
by Benigno (2004), Gali and Monacelli (2008), and Kekre (2022) examine optimal policy in a
currency union setting. Additionally, Calza et al. (2013), Slacalek et al. (2020), Bletzinger and
von Thadden (2021), Pica (2021), Almgren et al. (2022), and Corsetti et al. (2022) explore various
sources of heterogeneity within currency unions and their effects on economic activity. In this
strand of literature, cross-regional heterogeneities include variations in price and wage setting, the
share of hand-to-mouth consumers, and mortgage market dynamics. For the U.S., Beraja et al.

(2019), Chen (2019), and Gitti (2024) focus on regional differences in wage and price setting,

8Among others, see Bordalo et al. (2018); Barberis (2018); Caballero and Simsek (2019, 2020); Krishnamurthy
and Li (2020); L’Huillier et al. (2023); Maxted (2024); Bianchi et al. (2024).

9 Adam et al. (2017) and Winkler (2020) examine asset price learning in the context of stock markets. Fontanier
(2022) and Farhi and Werning (2020) focus on asset price extrapolation more generally.
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exposure to fiscal policy shocks, housing markets, and migration. To our knowledge, we are the
first to study supply-side housing constraints and connect these to asymmetries in the formation of
house price beliefs.

Finally, we connect to the literature on leaning against asset prices. Stein (2012) argues that
leaning against the wind can address externalities arising from over-borrowing. Svensson (2017)
argues that the costs of these policies outweigh their benefits, while Weidmann (2018) points out
that macroprudential policies are better suited to address these concerns. Gourio et al. (2018)
quantitatively outline a trade-off between a lower crisis probability and increased cyclical inflation
and output dynamics. However, once rational expectations are abandoned, leaning against the wind
generally becomes beneficial (Adam and Woodford, 2021; Caines and Winkler, 2021). This holds
true even if macroprudential tools are fully (Fontanier, 2022) or at least partially available (Caballero
and Simsek, 2019). Our paper contributes to this literature by emphasizing that targeting asset prices
can also mitigate regional dispersion and, thus, help harmonize an economically integrated area.

To our knowledge, we are the first to make this point.

Outline. The rest of this paper is organized as follows. In Section (II), we document our main
empirical observation: Regional house price growth is more dispersed in busts than in booms.
Section (III) outlines our theoretical model and describes our solution method. In Section (IV) we
analytically show how extrapolation on house price growth and housing market heterogeneity can
explain our main empirical observation. Section (V) provides evidence of stronger extrapolation in
busts and housing markets’” supply-side heterogeneity, and describes the model calibration. Section
(VI) presents our quantitative results. Section (VII) contains the policy exercise and Section (VIII)

concludes.

II. REGIONAL HOUSE PRICES IN BOOMS AND BUSTS

House prices experience large differences by region, particularly during house price busts. Figure
(1) illustrates the house price indices for New York and Las Vegas, with the shaded red areas
indicating periods of house price busts. For the purposes of analysis, housing booms are defined as
periods in which federal house price growth is positive (Ag;*® > 0), while busts are characterized
by negative growth (Ag;*¢ < 0).10

The figure reveals that house prices tend to move in tandem during boom periods; during busts,

'"House price growth rates on the aggregate/federal level (Ag;'*®) are based on the Case-Shiller U.S. National Home
Price Index.



however, significant divergences emerge. In particular, house prices in Las Vegas experienced a
sharp decline during the global financial crisis. By contrast, while house prices in New York also
declined, the reductions were far less severe. Importantly, the observed divergence in house price
growth during busts cannot be attributed solely to economic recessions. For instance, there was
minimal divergence during the bust of Dotcom bubble (2001) and the COVID-19 crisis (2020-23),
both of which were periods marked by overall positive national house price growth.

Figure 1: Regional house prices in booms and busts
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Notes: Case-Shiller U.S. National Home Price Indices for New York and Las Vegas.

Cross-regional house price variation, unconditional. To further investigate and generalize this
pattern, we extend the analysis to regional house price growth data on different levels. We utilize
regional house price growth data, specifically at the major city or state level for the United States.
For each point in time, we compute the cross-regional standard deviation of house price growth
rates. We then split the sample into boom and bust episodes, where these episodes are defined based
on the aggregate house price growth of the economic entity. Our preferred specification is based
on U.S. major cities in the cross-section.!! The data is given in monthly frequencies, allowing for
sufficient observations of booms and busts. For the U.S. state level, we use quarterly data. Our
sample includes all states except for Alaska and Hawaii but includes the District of Columbia.
Both U.S. data sets span from 1990 to 2024. Table (1) reports the mean and median cross-regional

standard deviations.

""We use the Case-Shiller U.S. National Home Price Index for the city level. The 20 major U.S. cities included are
Atlanta, Boston, Charlotte, Chicago, Cleveland, Dallas, Denver, Detroit, Las Vegas, Los Angeles, Miami, Minneapolis,
New York, Phoenix, Portland, San Diego, San Francisco, Seattle, Tampa, and Washington DC.
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Table 1: U.S. cross-regional house price growth standard deviation (o) in booms and busts

cities states

mean median mean median

st 1.60 1.64 123 126
o : Boom 0.47 0.41 0.87 0.80
o.: Bust 0.74 0.67 1.08 1.01

p —Val. Bust > Boom 0.000 0.000 0.007 0.007
Number regions 20 51

Obs. boom 331 109

Obs. bust 82 28
Sample 1990M1 —-2024M5 199001 — 202401

Notes: The Table reports the mean and median values, across time, of the estimates of cross-sectional standard
deviations of house price growth rates within a given economic entity. The test for Bust > Boom is based on a

one-sided t-test.

Our findings indicate that the cross-regional standard deviations observed during busts are
larger for both the mean and the median estimates than those observed during booms. Specifically,
if one considers the monthly data for U.S. cities then the cross-regional standard deviations during
busts are 60% larger than in booms. The ratio decreases to 23% — 30% for the U.S. states. We find
that a t-test rejects the Hy hypothesis of regional standard deviations being larger in booms for both
regional specifications. Table (C.1) in the Appendix shows that the same holds for the euro area at

the country level.

Cross-regional house price variation, conditional. While the previous analysis focused on un-
conditional variations in house price growth during booms and busts, we now move to a conditional
approach. Using local projections, we estimate the response of cross-regional standard deviations
of house price growth to a monetary policy shock. We utilize city-level data due to its sufficiently
large time series dimension. Equation (1) depicts the estimation equation. The left-hand-side
variable (y;;) denotes the three-month moving average of the cross-regional standard deviation
of house price growth at horizon h after the impact of the shock. a” denotes a constant. The
monetary policy shock, €M7, is the high frequency identified and orthogonalized shock from Bauer
and Swanson (2023). The monetary policy shock further conditions on times of booms (Aq;’_glg > 0)

and busts (Aqtaf f < 0). We adopt this approach because monetary policy shocks are relatively small



and do not influence the U.S. economy’s transition between boom and bust phases.'> We use the
absolute values of the shocks as the cross-regional dispersion should be more responsive in busts
independent of the sign of the shock. The controls, x;, contain 12 lags of the left-hand side variable,
the log of the house price index on a federal level, the log of industrial production, the log of the

CPI, the Federal Funds Rate (FFR), and the shocks. The sample runs from 1990 to 2019.

Vesn = @ + 1(Aq?_gf >0) x B1|eMP| + 1(Aq?_gf <0) x Bo|eMP| + x; + usin (1

Figure (2) presents the results. We see no significant change in cross-regional standard devia-
tions in booms; see panel (a). In times of busts, panel (b), we find that a monetary policy shock
leads to a significant increase in the variation of cross-regional house price growth over the next
two years. Hence, conditional on monetary policy shocks, regional house price growth is more

dispersed in busts relative to booms. This result aligns with our unconditional exercise presented
above.

Figure 2: City-level std. house price growth response to a monetary policy shock, boom-bust

(@) Agr-1>0 (b) Ag;-1 <0
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=} =)
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Month Month

Notes: Responses to a monetary policy shock (1 std, absolute value) ; confidence intervals: 68% and 95% (Newey-
West). The lhs variable is the three-month moving average of the cross-city standard deviation of house price growth.

Robustness. Figure (1) raises the question of whether house price booms and busts are simply
expansions and recessions if we consider all major U.S. cities in our sample. Figure (C.1) shows that
this is not the case. It plots the cross-city three-month moving average of house price growth. In

particular, it shows that the standard deviations were already elevated before and remained elevated

12Regressing house price growth on the aggregate level, for the current period and various leads, on the monetary

policy shock reveals that the R? is never above 0.0007 across various leads. This emphasizes that these shocks do not
drive the cycle.



after the global financial crisis. We further observe an increase in the standard deviation after
COVID, during 2022-2023. This period is associated with a house price bust but no recession.
Further, we observe that the recessions brought by the Dotcom bust (2001) and the COVID-19 crisis
(2020-23) were not associated with house price busts and did not experience elevated cross-regional
heterogeneity in house price growth. Therefore, house price busts and recessions seem not to be
perfectly correlated.

We also study the response of regional house price growth dispersion to a main business cycle
shock constructed by Angeletos et al. (2020). The shock is given in quarterly frequencies and
we, therefore, move to state-level data to extend our cross-section. The main idea is that the main
business cycle shock should be strong enough to affect the house price cycle.!? Consequently, we
study the response of the cross-state standard deviation of house price growth to an expansionary
main business cycle shock. We observe that this shock indeed reduces house price growth hetero-
geneities; see Figure (C.2). As a sanity check, we also report the response of house price growth
to the shock and observe that it is increasing. Our results are, therefore, in line with the findings

reported above.

II1. TuE MODEL

With these empirical impressions in mind, we now describe our two-region currency union model,
inspired by Benigno (2004), which we use to connect our empirical evidence and conduct our
policy experiments. A notable difference between our model and Benigno’s is the incorporation
of incomplete bond markets across regions instead of having perfect consumption insurance. In
addition, we incorporate a housing sector into the model, introducing two critical elements.

First, we account for subjective expectations in the formation of house prices. Previous research
demonstrates that house price expectations deviate from rational expectations and play a crucial
role in explaining the boom-bust dynamics in the housing market.'* In our model, subjective
expectations are applied exclusively to house prices, as the primary focus of this study is on
housing market dynamics. Furthermore, the availability of forecast data is limited to a select
number of variables, making it feasible to incorporate subjective expectations only for house prices
where the empirical data can effectively inform the model.

Second, we allow for regional differences in housing markets. We differentiate between a

3Regressing house price growth on the shock gives an R? of 0.1, meaning that this shock can explain a non-trivial
part of the variation in house price growth.
l4See, for example, Case et al. (2012); Armona et al. (2019); Kuchler and Zafar (2019); Ma (2020).
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"home" region and a "foreign" one, with all variables for the foreign region denoted by an asterisk.
The only difference between regions is on the housing supply side, the distinction being the time
required to construct houses, referred to as "time-to-build." This parameter enables us to model
supply-side heterogeneities in a tractable manner.!> Below, we also briefly discuss how housing

demand-side heterogeneities may be modeled.

III.A The Economy

Households. A representative domestic household derives utility from consuming domestic and

foreign varieties of goods, leisure, and housing. The preferences are as follows:

> l-o hi-v l+¢
EZ))Zﬁt(gc’tct +§h,t t X )

py -0 1-v 1+¢

1
cr = [%c}{_’f +(1- /l)gc;zg] o

e—1 ﬁ X\ €=~ Sk i
cna=y| [en) T |7 eri= - [entiN o]

where EZ)) denotes the subjective expectations operator discussed below. &; and j € {c,h,a,x,i}
denote model-exogenous shock terms, and /; and n; denote housing and hours worked, respectively.
v € (0, 1) denotes the measure of households in the home economy. Following Benigno (2004),
v is simultaneously the economic size of the home region, that is, the mass of variety-producing
firms. c¢; denotes consumption of the domestic basket that is assembled from the home good and the
foreign good, which in turn are aggregates of the constant elasticities of substitution (CES) of the
two groups of goods and their varieties. A preference bias for the goods produced in the respective
region of residence (“home bias”) arises if 4,1 — A" # .10 The slope of the housing demand curve
is governed by the parameter v. Regional differences on the housing demand side may be modeled
by allowing for regional differences in v.

The household budget constraint is then given by

P
Ct + qt(l’l[ - (1 - 6)hl‘—l) + bH—l + ;l’txt = Wih; + (1 + rt)bt + q:- H()C[_T,fx’[) - T‘t + Z[ + bt.

t

The budget constraint is expressed in units of the region H’s final consumption basket, c¢. %; are

I5In the empirical analysis below we are more precise on why time-to-build seems a reasonable approximation for
supply-side differences from an empirical point of view.

'6Throughout the paper we maintain the assumptions that (i) the degree of home bias is symmetric: y(1 — 1) =
(1-v)(1-2"), and (ii) the bias is such that households favor domestically produced products, A > .
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profits from all domestic firms, which are owned evenly by all domestic households; w; is the
real wage; T; represents government lump-sum taxes; and b, is a one-period nominal zero-coupon
bond that is traded union-wide. g, denotes the real house price and x; is the number of domestic
consumption units dedicated to the production of new housing units.

To invest in housing production, households need to purchase domestically produced goods and
transform them into housing investment units. Housing production is defined as H(x;—;,&x;) =

U

§x5,x’;,n € (0,1). 7 denotes the number of quarters it takes to construct new housing units.

Housing investment in period ¢ will, therefore, lead to a return on this investment in period ¢ + 7.

Regional heterogeneities on the housing supply side are modeled by allowing for cross-regional
differences in time-to-build (7).

In the steady state, we calibrate the steady-state values for & h,f;,fx,gf: s.t. bgs = b, = 0. Hence,
in the steady state, there are no net debtors or net creditor regions. This ensures that the only form
of regional heterogeneity is situated on the housing side.

It is convenient to express bond holdings in units of region H’s final basket. Households take
as give the real interest rate, r,, which is determined in equilibrium by the following Fisher-type
equation: The value of bond holdings in units of numéraire is B; = P, - b, and the nominal bond

pays i;_1 — b, units of the currency as interest.!” The real interest rate is, thus, given by

1 +i—1 —Yb,

1+rt= 1+7T
t

where 7, := P,/P,_1 — 1. Finally, b, := (87" = 1)(y + (1 - y)%)(l + ;) "1b, taken as exogenous
by the household, captures the payment streams between H and F that guarantee that households
are content with holding no bonds in the non-stochastic steady state with zero inflation and real

exchange rate parity.'®

Subjective expectations for house price setup. As is standard in the literature on capital gains

extrapolation (e.g. Adam and Marcet, 2011; Adam et al., 2017), households are endowed with a

17The nominal interest rate is elastic in domestic households’ aggregate bond holdings. We follow Schmitt-Grohé
and Uribe (2003) to ensure stationarity of the first-order dynamics. In Appendix A, we provide a simple micro-
foundation for debt-elastic interest rates.

8Given that bond holding entails a real cost in equilibrium, see footnote 17, introducing payments b, as a way to
ensure that there are no bond holding costs in the non-stochastic steady state with zero inflation and real exchange rate
parity (i.e., l +m, =1+ 7r;k =l+ngs=1+nmp; = ?’:’t’ = 1). This ensures that this steady state is efficient, given that
fiscal policy undoes the monopolistic competition distortion. b, may be interpreted as the real interest rate paid by a
non-marketable nominal consol that perpetually pays the nominal rate (87! = 1)(y + (1 - y)P;_,/P;-1) of which the
household is endowed with b units. The endowments of these consols ensure that nominal payments balance, that is,
yb + (1 - y)l_)* =0, see Appendix A. Since we will linearize the model around a steady-state with zero bond holding,
b; will be zero in equilibrium.
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set of beliefs in the form of a probability measure over the full sequence of variables that they
take as given, henceforth external variables (&;,r;, w;, X1, Ty, b, 700, (P« [ PF ), q1 ) rs0- We denote
this measure as P. Rational expectations are a special case of this setup in the form where
households’ beliefs agree with the objective or, equivalently, with the “true” or “equilibrium-
implied” distribution of the external variables, P = P. Although households may hold expectations
that are generally inconsistent with the equilibrium-implied (conditional) distribution of the external
variables, it is worth emphasizing that, first, households have a time-consistent set of beliefs and,
second, they behave optimally, given their beliefs. That is, households are internally rational in
the sense of Adam and Marcet (2011). Moreover, the fact that all households are identical in their
beliefs and preferences is not common knowledge among agents, so households cannot discover
the misspecification of their beliefs, P # P, by inductively reasoning through the structure of the
economy. Given the observed path of the external variables up to period ¢, households then use this
information and P to form a conditional expectation over the continuation sequence of the external
variables, which we denote as EZD As usual, we denote the conditional rational expectations
operator by E;.

We assume that agents have rational expectations with respect to all external variables, except

for house prices, g;+s.!° Households entertain the idea that house prices follow a simple state-space

model:
In de+l _ Inm;q +Ineiq
q:
h’lmH_] =anm,+1nvt+1, 96(0,1) (2)
2
! ol a2 o; 0
(lne, ant) NN (—T —T)’ 0 0_3

Hence, agents perceive house price growth rates as the sum of a transitory and a persistent com-
ponent. Crucially, Ine; and Inv, are not observable to the agents, rendering Inm, unobservable.
Agents apply the optimal Bayesian filter, that is, the Kalman filter, to arrive at the observable

system.2’

Lemma 1 (House price belief updating). Applying the Kalman filter to the state-space model and

YFormally, P := P_, ® P,, where P_, is the objective measure over the sequences of the external variables without
house prices, P, is the measure over the sequences of house prices implied by the described perceived model of house
prices, and ® is the product measure. Since we are interested in a first-order solution to the model, it does not matter
what households perceive to be the dependence structure between house prices and the other external variables.

20We assume that the agents’ prior variance equals the steady-state Kalman variance.
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log-linearizing around the non-stochastic steady state gives

P~ . 1-0" =
E/ Gies =q1 + 1 om; 3)
-0
;= o(1 - g1 + gAG;_1, 4)
here In, = EP(1 s th : - QT i the stead Kal I
where Inm; := B/ (Inm,) is the posterior mean, g = FoTrolior I8 the steady-state Ka man filter

gain, 02 = #[—(03 +(1-02)02) +y/(c2 + (1 - 02)02)? + 4020 202] is the steady-state Kalman

filter uncertainty, and Ine; is perceived to be a white noise process.

Proof. See Appendix B.1 for the application of the Kalman filter. Log linearization around the

steady state gives the result. ]

n—sn

Variables denoted with a express the respective variables in percent deviations from their
steady-state value. Equation (3) shows that future house price beliefs depend on the current house
price and today’s beliefs. As o € (0, 1), the weight on the beliefs increases in the forecast horizon.
Current house prices translate one-to-one into house price expectations. Hence, today’s house
price is extrapolated into the future. Turning to the belief updating Equation (3), we see that beliefs
have an autoregressive component and are updated according to past observed house price changes.
House price updating is increasing in the Kalman gain, g, and decreasing in the persistence of the

beliefs, o.

Asymmetry in house price beliefs. For our analysis, we may also consider time variation in
the house price updating process. Specifically, we allow for heterogeneities in the persistence of
beliefs (o) and the Kalman gain (g) below and above a certain threshold @. Variations in the
persistence of the belief process can be micro-founded by assuming that the agents hold different
perceptions of belief persistence (0", o'). Differential Kalman gains can be modeled by allowing
the relative variances of the transitory components ((c7)?, (¢1)?) and the persistent components
()2, (o})?) to differ above and below the threshold. Augmenting the house price belief model
(2) by incorporating differential belief updating above and below the threshold @ and proceeding

analogously to the derivation in Lemma (1) yields a threshold version of the belief updating model:
BP i1 = 1(ATr-1 > @)| g1+ 0" | + 1(AGi-1 < @) [ g: + o' | 5)
it = 1At > @) 0" (1= ") 1 + g"AGi1 | + 1(AGi1 < @) 0! (1= g1 + 8'8Gi1 ]| (©)

This threshold framework captures distinct dynamics in the belief adjustments, conditional on
whether the extrapolation parameter lies above or below the critical value @. Consequently, agents

update their beliefs asymmetrically across housing market regimes, reflecting heterogeneity in their
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responses to house price fluctuations. This extension provides a more nuanced representation of

belief formation, particularly under varying market conditions.

Firms and price setting. We assume a continuum of monopolistically competitive firms that
produce varieties of intermediate good and have the same beliefs as households. Firms’ beliefs,
however, concern only the variables over which households have rational expectations. Therefore,
firms are rational. Firm j buys labor n,(j) from the representative labor packer and produces
variety y,(j) with a linear technology where labor is the only production factor. Households from
both regions buy the variety produced. The firm sets its retail price Py ,(j) and maximizes the
expected discounted stream of profits, subject to Rotemberg-type adjustment costs. Formally the
firm solves

A : : . kK, P i
max Bj Zﬁfﬁ Pu(j)yue(j) - (1 =tOWiny () - PHJ_(—PHHJTZJ)') -
t=0 =

Pu:(J) 2
Pr(j) )_E -
Pu !

l)zyH,t

with )’H,t(j) = (

with yp (7)) = €aume(7). Ar = ug,/u;, , denotes the stochastic discount factor and 7l is a wage
subsidy paid by the government. The wage subsidy is selected such that the distortion in the
monopolistic competition is offset in the non-stochastic steady state. The subsidy is financed
through a lump-sum tax on the firm. In symmetric equilibrium, all firms choose the same price,
Py +(j) = Py j. The solution of the firm’s problem results in a standard currency union version

of the Phillips curve.

Monetary authority. The monetary authority sets nominal interest rates according to a standard

Taylor rule targeting currency union consumer price inflation:
: 1 cu\¢r
U ,E (H, ) i (7

Currency union inflation is the average of region-level consumer price inflation, weighted by the
. 1-
country size: ITf* = (T,)” (I1;) 7

Market clearing. To achieve goods market clearing, each goods market for a variety j must
clear. Additionally, labor and housing markets must clear within each region. Finally, the balance-
of-payments equations must hold. Aggregation and the specific market clearing conditions are

relegated to Appendix (B.3).
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Equilibrium. We adopt the equilibrium concept of internally rational expectations equilibrium,
as defined in Adam and Marcet (2011):

Definition 1 (Internally rational expectations equilibrium). An IREE consists of three bounded
stochastic processes: shocks (&;):x0, allocations ([cu(J)]je[0,1]5 [C*F,z(j*)]j*e[o,l]’

bl‘, b;‘ka hl,h;kaxta-x;kan[’ n;‘k)tZO and prices (th;‘ka qz, q;‘k’ilv [PH,l(j)]jG[O,l]7 [PF,t(j*)]j*e[o’]])IZO)
such that in all t

1. households choose [ch +(J)]je[0.17> [C;t(j*)]j*e[O,l]’ b, by, hy, by x;, X, ,ng,n; optimally, given
their beliefs P,

2. firms choose ([Pu.+(j)]je[0.1]> [Pp’,(j*)]j*e[o,l] )r>0 optimally, given their beliefs P,
3. the monetary authority acts according to the Taylor rule (7),

4. markets for varieties of consumption goods, hours, and housing clear, given the prices, and

the balance-of-payments equation holds.

Appendix B.4 contains (i) a proof that Walras’s law holds for our economy and (ii) the deriva-
tion of the balance-of-payments condition. Appendix B.5 presents the system of equations that
characterizes the IREE.

II1.B The solution method

We solve our model to the first order around a non-stochastic and efficient steady state. This
preserves the analytic tractability at many points in the model and allows us to derive results on
household behavior under capital gains extrapolation in a closed form. The model presented in
Section III.A admits a unique non-stochastic steady state with zero net inflation and parity of the

terms of trade:

Lemma 2 (Non-stochastic steady-state). Consider the model economy presented in Section I11.A. As
the variance of the shocks (actual or perceived) fades, Var[||&||] = 0, & = (EatsEctsEnssExrEirs €15 Ve)T,
there exists one and only one steady state in which net inflation is zero, Ty g3 = TF 55 = Mss = ﬂ:s =0,

and in which the terms of trade are at parity, sg = 1.
Proof. See Appendix B.6 [ |

Linearizing models with capital gains extrapolation is not straightforward. In fact, to the best
of our knowledge, we are the first to provide a first-order approximation of a model with capital

gains extrapolation under the assumption that agents hold rational expectations outside of the asset
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pricing block.?! The entire exposition focuses on the typical linearized household problem in region
H with all derivations being analogous for the typical household in region F.?> For expositional
clarity, we omit the specification that housing investment occurs in domestically produced goods.

This simplification does not affect the fundamental logic of our solution method.

External and internal variables. Standard first-order solution techniques for models with ratio-
nal expectations rely on a recursive representation of the equilibrium conditions. For instance, the

inter-temporal consumption decision is captured by the forward recursive Euler equation:

- - I_
¢; = ECry1 — —Eirin.
o

Under subjective expectations, an equivalent formulation exists:

1
~ P~ P
cr=E; ¢ - ;E; Tyl

At this point, it is important to note that, first, we can characterize the external variables for which
households have distorted expectations. In our case, this is only the house price, EF G, for
which we derived a subjective expectation model. Second, for all other external variables for
which households have rational expectations, we can formulate all of the equilibrium conditions
recursively in the usual manner. In this case, the equilibrium-implied distribution measure applies
and we can drop P from the expectations operator. The difficulty arises concerning the expectations
for household choices or the internal variables, in our case EZDE‘H s- These variables depend on the
external variables over which households hold subjective and rational expectations. In this case, we
need to determine the subjective expectations distribution of ¢;,1.2* Our solution method allows

us to determine these variables in closed form. We provide a detailed derivation in Appendix B.7

2lWinkler (2020) proposes the “conditionally model-consistent expectations” (CMCE) concept as a starting point
for linearizing models with capital gains extrapolation. Under CMCE, however, beliefs over all of the external variables
are distorted relative to rational expectations. In our approach, linearized decision rules may be obtained under the
assumption that belief distortions apply only to the asset prices, allowing us to confine the deviations from rational
expectations to exactly those variables where the survey data allows us to discipline the subjective expectations-modeling
choices.

22For any variable var; ¢ {b;,b,,%;, %, }, define Var; := Y¥"¥ss «~ |nvar, — Invary, to the first order. For b;, 3,

vargg
(analogously for b;k, E;k ) define Vary := m’y_& which allows for the case that vargg = 0. (Thatis, we scale the deviations

in the bond holdings and profits by the GDP.) Note, furthermore, that I + r;; ~ In(1+r,41) —In(1 +rg) ~rq +1In B.
We abuse the notation slightly and write 7 instead of T+r.

23The reason is that households have distorted expectations over at least one price sequence and, therefore, will
make distorted choices; in particular, they plan to make choices in the future that are inconsistent with what these
choices would be in equilibrium. If we ignored this; that is, if we exchanged EZDE‘,H for E,C;. in the forward iteration
above, then the computed equilibrium would be different from the IREE in Definition 1.
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and concentrate, here, on conveying the intuition of our solution approach.*

Characterizing subjective expectations over internal variables. In solving for the subjectively
optimal consumption plan, we exploit two key insights into how households behave to first-order
that are valid irrespective of which set of beliefs they hold.>> First, there is only one inter-temporal
trade-off, namely in consumption, ¢. Given a path for consumption, the first-order conditions for
housing, hours worked, and housing investment uniquely pin down a mapping from the external
variables to the decisions for these internal variables. This insight allows us to concentrate on
finding the optimal path for consumption.

The second insight is that to the first-order, the permanent income hypothesis holds and con-
sumption depends only on the path of real interest rates, an external variable, and the subjectively

expected lifetime income. By iterating forward the Euler Equation we obtain

_ 1 — _
Ct = _; ZEIrt+S+l +E;PC007 ()

s>0

where we define Efax, =lim_ o ]EZDZ“,H. This shows that the only subjective expectation variable
to remain is EF¢,,.20

At this point, the question arises whether this term is merely a technical artifact originating from
our methodological approach or whether it possesses intrinsic economic meaning. For expositional
purposes it is informative to consider a transitory shock to the model. Suppose that the shock raises
house prices, which leads households to believe that house prices will rise further. Consequently,
they believe that they will be wealthier in the future, leading to an increase in their current and
planned future consumption. This expectation is reflected in the limit in terms of time, as it
approached infinity, by an increase in EF ., thereby capturing a subjective expectations wealth
effect. In essence, due to extrapolation, households believe they will be richer than they actually
will be. Under rational expectations, this term also exists. However, households recognize that
the shock is purely transitory and will not influence their long-term wealth. Therefore, the wealth

effect under rational expectations is always zero.

24For tractability, we set habit formation, 7, to zero and we assume that housing investments are made on aggregate
consumption of goods bundle ¢, instead of only locally produced goods. Relaxing these assumptions does not affect
our methodological approach.

B1p particular, our solution method can be used to solve RE models.

26We directly used the fact that households have rational expectations over external variables other than house
prices, Etpvartﬂ = E,var;;; for any variable var,.| # gs1.
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Characterizing the subjective expectations wealth effect. 'We now focus on deriving an analyt-
ical expression for the subjective expectations wealth effect, EF¢.,,. Using the insights from above,
the household’s first-order conditions are given by the equations in (9). (For expositional brevity,

we dropped the exogenous shocks and set time-to-build to zero.)

Rational Expectations Subjective Expectations
o +0C = Wy on; +0C = Wy
g =(1-nx% g =(1-m% 9)
Tt = =5 2ys0 Bfrass1 + ErCoo Ct = =5 D50 Bifrass1 + Bl Coo
7 ~ _ pr~ 1 ¢:—PE: Gy 7 =~ _ pEPA 1 7:-PET T,
hy = v(f;ﬁ_) (Ct _ﬁEtCHl) - ;tlfkm hy = ﬁ(ct _,BEZ)CHl) - ;l1+ﬁ—m,

where 3 := B(1-6) and E,C., = 0, as explained above. From this representation it becomes clear
that the difference between subjective and rational expectations lies in the measure P expectations
with respect to next periods’ consumption and house prices and the existence of the subjective
expectations wealth effect, EF¢.,. Subjective expectations with respect to house prices are easy
to characterize, as these are pinned down by the subjective expectations model. Further note that
subjective expectations for the next period’s consumption can be characterized by leading the Euler
Equation (8) one period, once we have a representation for the subjective expectations wealth effect.
Therefore, to solve the subjective expectations model, it suffices to find a representation for the
subjective expectations wealth effect. We find this characterization by combining the first-order
conditions with the linearized household budget constraint, (BC) in Appendix-equation (B.8). After
iterating over this equation, we can find a closed form expression for the subjective expectations

wealth effect.

Proposition 1 (Subjective expectations wealth effect). The first-order around the non-stochastic

steady-state subjective expectations wealth effect, EF €., is given by

[ee)

Yss 1 _ﬂ

Ef G = Q/o - [ + M, | +C=2—2L N " BBy {7, } + byt | (10)
——/ CSS n=1
:Ar,l

=Az,2

where Q,C € (0,1), M > 0 are defined below equation (B.14) and z,,, is a function of external

variables the household has rational expectations about, as is specifically stated in Appendix B.7.
Proof. See Appendix B.7 ]

The notation “ss” in the subscript of a variable denotes its’ steady-state values. Equation (10)

shows that the subjective expectations wealth effect consists of three parts. First, there are variables
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for which the household has subjective expectations, A; 1. In our case this is only the house price,
g1, and the posterior beliefs about house prices, 71,. Second, it depends on the expectations of all of
the variables the household has rational expectations about, A, », which are collected in z,,,,. Third,
it depends on today’s bond choices Dyl Intuitively, households evaluate the wealth effect under
subjective expectations by applying the permanent income hypothesis. In doing so they account
for their future decisions by using their first-order conditions resulting in a function that depends
only on prices and today’s saving choices. This formulation elucidates the previously discussed
intuition regarding the role of subjective expectations in wealth effects. Specifically, an increase
in house prices (g;) or in beliefs about future house prices (71;) lead to a rise in EF¢.,, given
that O, M > 0. The agents, anticipating higher wealth as a result of these changes, adjust their

expectations accordingly and expect an increase in consumption in the long run.

Discussion. Our method has two important advantages over previous approaches to solving asset
price learning models. First, we solve the model using a first-order approximation, which makes it
fast to solve, easily scalable, and amenable to an analysis of Ramsey-optimal policies. The literature
previously relied on non-linear solution techniques (Adam et al., 2017) or hybrid techniques (Adam
et al., 2022) to solve these models. Hence, solution procedures are much more involved and limit
the complexity of the models that can be numerically solved. Second, our solution method confines
subjective expectations to house prices. A previously developed method by Winkler (2020) and
Caines and Winkler (2021), which also relies on perturbation, assumes household expectations
to conform with the concept of conditionally model-consistent expectations. Under this concept,
subjective expectations about one variable lead to spillovers to expectations about other variables.
Thus, households will form subjective expectations across all model variables. In our approach,
households only hold subjective expectations with respect to one variable, while they remain
rational with respect to all other variables. This method of explicitly characterizing choices in
terms of lifetime income is general in the sense that it allows for solving household decisions under

any time-consistent set of beliefs.

IV. ANALYTIC INSIGHTS

We proceed by deriving the primary channel through which house price extrapolation and hetero-
geneities in the housing market can produce the patterns observed in Section (II). Our analysis
demonstrates that the results are robust to regional heterogeneities, whether these are located on
the supply or demand side of the housing market. Furthermore, we establish that our findings do

not hold under a rational expectations framework.
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We begin by examining a simplified version of the model introduced above. We consider a
one-region, zero liquidity endowment economy with fully sticky prices. We study the path of
house prices within an exercise that, while keeping everything tractable, allows us to understand the
effects of an expansionary monetary policy. The consumption endowment process is selected such
that the real rate drops by & on impact of the shock and returns to 0 afterwards. This is arguably a
parsimonious way to model an expansionary monetary policy.

We assume that the housing supply is a function of the endowment and that it moves in
response to the shock by —te. Hence, the housing supply increases in response to an expansionary
monetary policy shock. In the following, regional differences in housing supply will be simply
modelled as regional variations in ¢. In Appendix (B.9.3), we also consider the case of demand-side
heterogeneities and show that similar results can be attained as under supply-side heterogeneities.

Throughout this section we consider parameter choices commonly used in the literature. Specif-
ically, we consider parameter choices stated in Section (V), Table (3) and (C.2). Detailed derivations
are relegated to Appendix B.9. Under the given assumptions, house price and housing market clear-

ing can be expressed as

G =Bl Grat = Fror = v(1= By + v(1 = B)2Y " BB Ry (11)
s=0
= (1=8)hy_y = 15, (12)

IV.A Supply-side heterogeneity

As we focus on housing supply-side heterogeneities, we simplify the housing demand side and
assume that v = 1. The house price is pinned down jointly by equations (11) and (12). The
differences between rational and subjective expectations arise due to the expectation formation on
future house prices, EZ’Z]‘,H, and future housing choices, E,PEHH. Under rational expectations,
we simply use the housing market clearing condition (12) to pin down house prices. Doing so

yields the following proposition.

Proposition 2 (House prices under rational expectations). In the outlined one-region, zero liquidity
endowment economy with an exogenous housing supply, and considering a shock monetary policy

shock such that €1 < 0 and &; = 0 for t > 1, house prices are given by

G =Bt ~Fr1 — (1= B)Fo+ (1-B)(1-8)'(1 —%)(—wt»
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And for the first two periods, we have

g1 = —&1 +wple]

72 = (1 - 6)wpie

with wy € (0, 1).
Proof. See Appendix B.9.1 ]

Proposition (2) makes clear that an expansionary monetary policy shock raises house prices.
The shock fades after the first period. If the housing supply increases simultaneously (¢ > 0), the
house price increase is less pronounced in the first period. Due to the increase in the housing
supply, house prices will be below the steady-state level after the first period, converging back to

the steady state going forward.

Moving on to the subjective expectation case, house price expectations, EFg;,1, are pinned
down by the subjective expectations model, equations (3) and (4). Future expected housing
choices, EZ’EH s+1, can be characterized using the solution method described in Section (II1.B). We

arrive at the following proposition:

Proposition 3 (House prices under subjective expectations). In the outlined one-region, zero
liquidity endowment economy with an exogenous housing supply, and considering a monetary

policy shock such that €1 < 0 and €, = 0 for t > 1, house prices are given by

—_

qr=—h — w41 + wmn/_;t
And for the first two periods we have
g1 = —Wre| + LE]
g2 = (1-06)e1 + wngqh,
with w, > 1, w,, > 1, and 85"—/3”’ <0.

Proof. See Appendix B.9.2 |

Proposition (3) elucidates several key dynamics. First, an expansionary monetary policy shock
leads to an increase in house prices and, given that w, > 1, this increase is more pronounced than
in the rational expectations scenario. The fact that the house price rises more on impact under

subjective expectations is a direct consequence of the fact that house prices not only convey the
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degree of a good’s scarcity but they also reveal information about the future path of the price of an
asset. Under rational expectations, agents understand that house prices will mean-revert—while
under subjective expectations, they apply their perceived model to conclude that house prices
will stay elevated. Second, a positive response in the housing supply mitigates the rise in house
prices induced by the monetary policy shock, and this mitigating effect is stronger compared to
the rational expectations scenario, as indicated by wj < 1. Third, belief extrapolation introduces
a backward-looking component that drives up house prices. An increase in the Kalman gain (g)
amplifies this channel’s effectiveness. Similarly, a decrease in the persistence of belief formation

(o) also enhances the channel’s potency.

Let us now turn towards understanding how these dynamics come together when two regions,
A and B, are involved. Consider an expansionary monetary policy shock that is symmetric across
regions and an increase in the housing supply that is more pronounced in region A, (4 > (8. Using

the above results, we can now conclude the following proposition:

Proposition 4 (Differential house price growth responses, supply-side). The differential house
price growth response in regions A and B under rational expectations for the first two periods are

given by

AGE — AG? = wp(B - Mg

AGE - AG} = —Swi (1B - Mg

The differential house price growth response in regions A and B under subjective expectations for

the first two periods are given by

AGE - AGE = (B - Mgy

AG; - AT, = (wng ~ 6)(AFT - ATY),

where w,, g >> 0§ generally holds. House price extrapolation amplifies the regional differences:

(AgF - AT}) _

o2 wn(AGE - AG}) >0

Proof. Differential house price growth, Ag? — A7} with j = 1,2, is derived by subtracting regional
prices from propositions (2), and (3), respectively. ]

Proposition (4) summarizes the paper’s main argument. In the subjective expectations frame-

work, supply-side differences lead to differential house price growth responses, reflected by (8 — 4.
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As we consider an expansionary policy shock, £ < 0, the house price growth in period one will be
larger in region B. This holds for the rational and subjective expectations models. However, in the
subjective expectations model, the regional differences will be more pronounced since wy, € (0, 1).
In the subsequent episodes, we observe a qualitative difference between the rational and subjective
expectations models. Under rational expectations, the regional differences flip: Ang - AZ[‘? <0
as —owp, (18 —14)e; < 0. In the subjective expectations model, this is not the case. Extrapolation
introduces a backward-looking term, which overturns the dynamic observed under rational expec-
tations: AZZZB — AZ[? > 0 since w,,g > 6. Extrapolation thereby provides a dynamic amplification
mechanism of regional house price growth rates. The higher the g, or the lower the o, the higher
the coefficient w,,g and, therefore, the stronger the amplification channel.?’

This mechanism explains why the dispersion in regional house price growth is greater during
busts. As we demonstrate below, the formation of house price beliefs differs between boom and bust
periods. In particular, the Kalman gain (g) is higher during busts. As aresult, the amplification effect
of house price extrapolation is stronger in bust periods, leading to increased regional dispersion
in house price growth. Importantly, this mechanism is absent in the rational expectations model,
rendering it incapable of accounting for the asymmetry in regional dispersion in house price growth
rates between booms and busts. Therefore, the rational expectations framework fails to capture the
differential effects observed in the dispersion of house price growth across regions during these

distinct phases of the housing market cycle observed in the data.

V. MODEL CALIBRATION

In this section, we describe the model calibration. We begin by focusing on the calibration of the
subjective expectations belief formation process. To do so, we turn to the data to directly estimate
the belief persistence (o) and the Kalman gain (g): Notably, we find that the Kalman gain is larger
in busts than in booms.

We then move to regional heterogeneities and present evidence that housing supply-side differ-
ences lead to regional responses of house prices to a monetary policy shock. We use this analysis
to calibrate cross-regional supply-side differences in time-to-build.

We calibrate the slope of the Phillips curve such that the model matches the peak response

of a 25 bp monetary policy shock, unconditional on a house price boom or bust. The remaining

2’Numerical explorations show that w,,g can be as large as 73, which constitutes a significant amplification
mechanism. Realistic values for the Kalman gain, g, range between 0.01 — 0.025. In our numerical example, we
assume a Kalman gain of 0.02.
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parameters are chosen in line with the literature.

V.A House price beliefs and boom-bust dynamics

In Section (III), we construct a model that breaks the rational expectations hypothesis with respect
to house prices and introduces a Bayesian belief updating model to describe the house price belief
formation. This modeling approach is grounded in a substantial body of empirical literature that
examines the dynamics of belief formation in the context of housing markets.?® In appendix (C.3),
we conduct our own analysis and demonstrate that our modeling approach remains valid when
conditioning on monetary policy shocks. Specifically, we examine the response of forecast errors
to these shocks. Under the assumption of rational expectations, this response should theoretically be
zero; however, our analysis reveals a substantial and statistically significant response. We observe
a sluggish adjustment of beliefs following the shock, with evidence of initial over-pessimism in the
first month, which subsequently transitions to over-optimism in the longer term. These findings are
consistent with the literature and suggest that a Bayesian belief updating model is well-suited to

capturing the observed dynamics in house price expectations.

House price belief formation. Our findings in Section (IV) suggest that stronger belief updating
in busts are essential to explain diverging regional house price growth rates in busts. Therefore, we
estimate the belief updating process described in Section (III) and allow for potential differences
in the belief updating process. Specifically, we test two specifications: a linear one and a threshold

specification allowing for regime switching. The linear process reads as follows:
Bl Agi1 =+ o(1-g) xEf | Aq: + 0g x Ags-1. (13)

Equation (13) can be derived by combining equations (3) and (4). ¢ = pm(1 - o) is a constant, with
m being the long-run house price growth expectations. The belief updating model is in monthly
frequencies, and the sample is for the period 2007 to 2020. We obtain the month-on-month
percentage change in house price expectations, EF Ag;, 1, by dividing the year-on-year percentage
changes from the Michigan survey by 12. House price growth data is taken from the Case-Shiller
National House Price Index. To estimate this model, we replicate the belief updating process
employed by the agents in our model, which follows a recursive updating procedure. Specifically,
to estimate this process, we feed in the realized past house price growth data, Ag,_. For a given
tuple (o, g,m) and by recursively updating EZilAqt, we obtain a sequence of house price growth

expectations. We then use a solver choosing (0, g,m) such that the mean square error (MSE)

28See: Case et al. (2012); Armona et al. (2019); Kuchler and Zafar (2019); Ma (2020); Adam et al. (2022)
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between the data and the fitted values is minimized.?° For the estimation procedure, we also
impose that 0, g € (0, 1).

Equation (14) allows for heterogeneity in o and g below and above a certain threshold, based
on equations (5) and (6). The estimation procedure is equivalent to the linear model, only now
we choose (0", o', g", g',m",m!, w) to minimize the MSE between the fitted values and the data.
Notice that the threshold is also estimated and that the regime depends on past observed house

price growth, Ag;_;.

E?Aqu =1(Ags-1 > w) (ch + Qh(l - gh) X EzlAq, +0"g" x Aq,_l) +
1(Agi1 <w) (¢ + o' (1-g") xEF |Aq; + 0'g' x Agi—r)  (14)

The estimation results are presented in Figure (3). The solid yellow line in panel (a) plots the
expectations data from the Michigan survey, the blue dashed line represents the threshold model
estimates, and the dotted red line shows the linear model. The dashed-dotted purple line in panel (b)
depicts the month-on-month house price growth, while the dashed black line indicates the threshold
for the threshold model. Turning to the linear model first, we find that it does a reasonable job of
explaining the expectation formation process. However, it lags behind during the bust episode and
underestimates the expectations for house price growth during the recovery following the global
financial crisis. In comparison, the threshold model improves on these dimensions. It captures the
bust without an obvious lag and performs better in recovery episodes. The estimated threshold for
this model is close to zero, suggesting that the updating behavior differs during periods when house

prices rise (booms) compared to when they fall (busts).

2This procedure demands a starting value for E;P_lAqt, which can affect the outcomes. To minimize the effect of
the starting values on the estimated parameters, we feed in monthly house price growth data starting with 1987, thereby
obtaining the initial values for 2007M1. Changing the starting value to 1987 has insignificant effects on our results.
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Figure 3: House price belief model, U.S.
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house price (m-o-m) (purple dashed-dotted): month-on-month percentage change in the house price. The black dashed
line in panel (b) depicts the threshold in the threshold model.

The estimated parameters from the models are shown in Table (2). We find a o of 0.95 and a
Kalman gain of 0.018 for the linear model. For the threshold model, we find a o’ of 0.99 and a
Kalman gain of g”, 0.013 in booms. In busts, o’ decreases to 0.84, while g/ increases to 0.022.
All parameters are roughly in line with the literature. The differences in the parameters across
regimes transparently show why the threshold model can fit the data better than the linear model:
In busts when house prices and beliefs fall drastically in a short period, a higher Kalman gain
and a lower persistence parameter enable faster pass-through from the observed house prices to
the beliefs. In booms, when house prices and beliefs recover steadily over a longer period, the
expectations are better matched by a slow-moving process with high persistence. This is achieved
with a higher degree of persistence o’ and a lower degree of updating g”. The inclusion of the
threshold component decreases the MSE by roughly 45%.

We also perform a robustness exercise to study whether the parameter differences across regimes
affect model performance. We do so by subsequently imposing the estimated parameters from above
and below the threshold on the linear model. We find a significant increase in the MSE, implying
that the differences in the estimated parameters of the threshold model matter for the model’s

performance.
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Table 2: House price belief model: parameters

Specification ol o" o gli" gh g Threshold MSEi/MSEli"
Baseline :

linear 0.95 0.018 1.00

threshold 0.99 0.84 0.013 0.022 -0.004 0.55
Robustness :

high regime beliefs 0.99 0.013 5.9

low regime beliefs  0.84 0.022 5.5

Notes: Linear: estimated parameters from Equation (13); threshold: estimated parameters from (14); robustness

exercises are explained in the main text.

House prices in booms and busts. Our findings indicate that house price expectations updating
is more pronounced in busts. This, in turn, can affect the house prices themselves: A larger reaction
in expectations translates into economic decision-making and will eventually be reflected in prices.
To test whether this is the case, we run local projections on house prices responding to a monetary

policy shock, conditioning on booms and busts. The estimation equation is given by

Qiih = al + 1(Ags-1 >0) x ,816,MP +1(Ags-1 <0) x ﬁzE,MP + X+ Upep, (15)

The monetary policy shock, €””, is the high frequency identified and orthogonalized shock
from Bauer and Swanson (2023). The left-hand side variable, g;., is the log house price. The
sample runs from 1990 to 2019 and is in monthly frequencies. The controls, x;, contain 12 lags of
the left-hand side variable, the log of industrial production, the log of CPI, the FFR, and the shocks.
We focus on expansionary monetary policy shocks throughout the whole empirical analysis. Figure
(4) plots the results. The blue line shows the response if house prices had been increasing in the
past, and the red line if they had been decreasing. We find that house prices are notably more
responsive to monetary policy shocks in times when they are decreasing. The peak response of
the point estimates almost doubles. Also, for most of the dynamic response, the boom and bust
confidence intervals measured at one standard deviation do not overlap, indicating a statistically
significant difference at a 32% confidence level. In connection with our previous findings about
belief updating in booms and busts, this result indicates that stronger belief updating in busts indeed
affects the realized prices. In Appendix (C.4) we show that this result also extends to forecast errors

that are responding to monetary policy shocks.
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Figure 4: House price response to a monetary policy shock, boom-bust
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Notes: Responses to an expansionary monetary policy shock (1 std); confidence intervals: 68% and 95% (Newey-
West).

V.B Cross-regional heterogeneity and housing supply

Our findings in Section (IV) indicate that structural regional disparities within the housing market
are crucial in explaining why house price growth exhibits greater dispersion during economic
downturns than in periods of expansion. In the following, we focus on a specific dimension
of regional heterogeneity—variation in the housing supply—which has been shown to influence
regional house price dynamics.? Recent research by Aastveit and Anundsen (2022) links regional
variations in housing supply elasticities across U.S. metropolitan areas to differential responses
in house prices to monetary policy shocks. Building on their work, we demonstrate that these
findings apply at the U.S. state level. Additionally, we provide evidence that analogous patterns are

observable in the euro area.

Econometric setup. To study the reaction of these regional variables to a common monetary
policy shock, we estimate panel local projections to an external high-frequency identified monetary

policy shock. Equation (16) represents the empirical specification:
Guish = @+ BReMP Y eMP s 7t Xt + g, h=0,1,.. H. (16)

The left-hand side variable (g,) is the log of house prices. €¥F denotes the monetary policy shock.
We further interact this shock with a region-specific variable capturing supply-side heterogeneities,

which we denote as z,. x,, 1s a vector of aggregate and regional controls. A time- and region-fixed

0See, for example, Glaeser et al. (2008); Saiz (2010); Mian et al. (2013); Mian and Sufi (2014); Guren et al. (2021).
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effect are also included. We use this empirical specification for the U.S. as well as for the euro
area. For consistency, we study a one-standard deviation monetary policy shock and standardize

the interaction coefficients throughout all exercises.

Results. For the U.S., we focus on state-level data in the cross-section.’! The monetary policy
shock is the same as before and taken from Bauer and Swanson (2023). The interaction term is
the house price sensitivity indicator from Guren et al. (2021). This measures the responsiveness of
metropolitan area house prices to an increase in house prices at the census region level, controlling
for a broad range of local economic conditions. It aims to capture housing supply-side hetero-
geneities.>?> Empirically, housing supply elasticities reflect regional geographical or administrative
constraints that influence the construction sector (Saiz, 2010). To facilitate the interpretation of this
measure and to enable a tractable integration of our empirical estimates into the model, we interpret
our model’s housing supply elasticities as a broad indicator of the time required to complete housing
construction. We show that the housing sensitivity indicator is correlated with the time-to-build
measured at the census division level in Appendix (C.5). To obtain state-level housing sensitivity
measures, we aggregate the metropolitan-level data by weighing them according to population size.
The vector of controls includes eight lags of the left-hand side variable, the log of U.S. GDP, the
log of the GDP deflator, the FFR, the shock, and the interacted shock term. The sample runs from
1990 to 2019 and is in quarterly frequencies.

Figure (5) plots the response of nominal house prices to an expansionary monetary policy
shock. We find a sizeable and persistent increase in house prices in the mean coefficient, as seen in
panel (a). Further, the interaction coeflicient, shown in panel (b), is positive and persistent. Both
impulse response functions (IRFs) are significant at least at the 90% confidence level. Our findings
indicate that house prices increase in response to an expansionary monetary policy shock and also
by more in states where the supply is more constrained. These findings are in line with Aastveit

and Anundsen (2022). Appendix (C.6) shows that these results carry over to the euro area.

3'Hawaii and Alaska are not included in the sample due to insufficient data coverage.

32This indicator can be understood as a proxy for the supply-side elasticities, in the spirit of Saiz (2010). Contrary
to the supply-side elasticities estimated by Saiz (2010), the house price sensitivity indicator is uncorrelated with the
demand-side characteristics.
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Figure 5: House price response to monetary policy shocks, U.S.
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Notes: House price response to an expansionary monetary price shock (1 std); the interaction term as been standardized;
confidence intervals are 68% and 95% (Driscoll and Kraay, 1998).

Calibrating supply-side heterogeneities. To calibrate the model, we use the time-to-build mea-
sure presented in Appendix (C.5). A significant proportion of census divisions exhibit an average
construction duration of approximately six months, measured from the issuance of building au-
thorization to project completion. Notably, in two densely populated regions on the East Coast,
the reported time-to-build extends to nearly ten months. Considering the additional time required
for obtaining building permits and completing the sale of the property, we set the time-to-build

parameters in the model to 7 = 2 and 7" = 4 quarters.>

V.C Remaining model parameters

Table (3) lists the parameter values, all of which are symmetric across regions. First, focusing on
the household sector, the labor disutility shifter, the inverse Frisch elasticity, and the intertemporal
elasticity of substitution are set to standard values in line with the literature. The discount factor is
set to achieve a 1.5% steady-state interest rate. We further assume the regions are symmetric in size.
We set housing depreciation to 2% per quarter. Moving to the production sector, we set the home
bias, and the elasticity of substitution across regions and goods in accordance with Bletzinger and
von Thadden (2021). We choose the persistence parameter of house price beliefs and the Kalman

gain as presented in Table (2). The Taylor rule weight on inflation is 1.5, which is standard. In

3The time it takes to obtain a building permit can vary largely across cities. In Dallas, for instance, it may take only
a few business days, while in New York it takes between one and three months (see: permitflow.com). This difference
is reflected in our calibration.
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terms of the price adjustment, we choose the price adjustment costs such that the peak response of
house prices to a monetary policy shock, unconditional on booms or busts, matches the response

in the data. The slope of the Phillips curve is given by % = 0.019. This is in line with the recent

literature.>#

Table 3: Model parameters (symmetric parameters)

Parameters Value  Description Source/ Target

Households X 1.000 labor disutility shifter standard
@ 1.250  inverse Frisch elasticity standard
o 2.000 inverse of intertemporal EOS standard
v 1.000  housing utility elasticity Tacoviello (2005)
0 0.020  housing depreciation 2% quarterly depreciation
B 0.995 discount factor standard for quarterly frequencies
Yy 0.500 relative region size symmetric regions

Goods aggregation & 4 0.800  home bias

production ¢ 1.000  EOS across regions Bletzinger and von Thadden (2021)
€ 6.000  EOS across varieties
K 261.01 price adjustment costs slope of 0.019 for the Phillips curve
n 0.800 elasticity of housing production Adam et al. (2022)

Policy ¢ 1.500  Taylor coefficient standard

Notes: All parameters depicted above are equal across countries. In the model, one period is one quarter. EOS:

elasticity of substitution.

Table (C.2) in the Appendix shows the allocation and prices in the non-stochastic steady state.

We choose a higher degree of time-to-build in the foreign region. The steady-state value for the
housing preference shifter is chosen such that we attain a symmetric steady state in the allocation

variables. This modeling choice ensures that all cross-regional differences result from the structural

3 Adam and Billi (2006) set the slope of the Phillips curve to 0.057. However, it has been argued that the slope of
the Phillips curve has decreased, see, for example, Del Negro et al. (2020) and Hazell et al. (2022). Our parameter
choice is in line with their estimates.
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heterogeneity on the housing supply side. The steady-state value for the house price is the only
variable that differs across countries. Symmetric steady-state values for bond levels, which are
zero for both countries, also imply that there is no net-borrower or net-saver country in the steady
state. Changes in monetary policy will therefore not lead to Fisherian debt revaluation effects. We
parameterize the model to match the housing sector in the U.S. economy and target a steady-state

housing investment-to-consumption ratio, %, of 6.5% as in Adam et al. (2022).

VI. QUANTITATIVE RESULTS

In this section, we present our findings. First, we show that the model is able to replicate aggregate
house price responses to a monetary policy shock, conditional and unconditional on booms and
busts. Second, the model captures the documented boom-bust-asymmetry in regional house price

growth dispersion.

VI.A Aggregate house prices in booms and busts

We start by studying the model performance on an aggregate level. All aggregate variables are a
convex combination of the regional variables weighted by their size. Hence, the aggregate house
price is given by 77%% = yg, + (1 - y)g,. We study the aggregate house price response, in the
model and the data, unconditionally and conditionally on being in a boom or a bust. As discussed
above, we target the peak response unconditionally of being in a boom or bust. We then study the
performance of the rational expectations and the subjective expectations models, conditional on
being in a boom or bust. For the unconditional response in the model, we simply consider the linear
model, using the parameterization described above. For the unconditional empirical response,
we estimate Equation (15) and drop the conditionality on the boom-bust regimes with respect to
the monetary policy shocks. The conditional empirical response is given by the local projections
estimated from Equation (15). This setup estimates house price responses to a monetary policy
shock, conditional on being in a boom or a bust. An appropriate model counterpart produces the
response to a monetary policy shock, conditional on being in either a boom or bust regime. To
construct this conditionality in the model, we use a linear model but adjust the model parameters
such that the model captures either boom or bust dynamics in the house price updating. We use
the parameters estimated in Table (2). For the boom period, we have a persistence parameter of
o = 0.99 and a Kalman gain of g" = 0.013. For the bust period, we have o = 0.84 and g/ = 0.022.
Importantly, the respective parameters have no effect on the steady state. Therefore, the shock

will hit both models in the same steady state, but the dynamics will be different due to differential
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updating behavior. We consider a 25 basis points expansionary monetary policy shock across all
models and their empirical counterparts.’> As discussed previously, these shocks are empirically
too small to affect the transition from one regime to the other, thereby validating our quantitative
exercise. We first focus on the magnitudes of the responses in the model and the data, after which
we move on to the dynamics.

Figure (6) plots the peak responses in the model and the data, unconditional and conditional
on booms and busts. First, the rational expectations model is unable to match the peak response
observed in the data. It misses the peak response in the data by roughly a factor of 3. Further,
the response is equivalent across boom and bust periods as there is no source of asymmetry in the
rational expectations model. In contrast, the subjective expectations model matches their empirical
counterparts quite well, conditioned on booms and busts. For the house price response in a boom,
we find a peak response of 2.0 in the model and 1.8 in the data. The model peak response lies
within one standard deviation of the empirical estimate. For the bust case, we find a peak response
of 2.6 in the model and 3.0 in the data. Accounting for estimation uncertainty, the model lies in
the range of the one standard deviation confidence intervals. The results reflect our findings from
propositions (2) and (3). Under subjective expectations, the response to a monetary policy shock
is scaled up compared to the rational expectations counterpart. Additionally, extrapolation further
dynamically amplifies house price responses. Both of these channels seem to be very important to

match the magnitude of the house price response in the data.

3To determine the size of a 25 bp monetary policy shock in the data, we estimate a local projection exercise
regressing the FFR on the monetary policy shock. We choose the minimum of the IRF from the first 12 months
as a reference point to determine the empirical shock size. We use this approach unconditional and conditional on
booms/busts.
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Figure 6: Peak response of house prices to a monetary policy shock, model versus data
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Notes: Response to an expansionary monetary policy shock (25 bp); confidence intervals: 68% (Newey-West);
parameterization: 0" = 0.99, g = 0.013 (boom), o’ = 0.84, g! = 0.022 (bust).

We now turn to the dynamic responses in the model and the data. Figure (7) shows the response
of house prices to a 25 basis point expansionary monetary policy shock in the model and in the data,
unconditional on booms and busts. The empirical response is depicted in panel (b). The model
counterparts, in panel (a), show the response of the linear model under subjective and rational
expectations. In terms of dynamics, we observe a very sluggish response in the data and the
peak response is only reached after 10 quarters. In the rational expectations model, we observe no
hump-shaped pattern at all. House prices peak on impact and return to the steady state thereafter. In
the subjective expectations model, we do observe some sluggishness in the house price dynamics.
House prices respond on impact and increase for the first four quarters, after which the model
converges back to its steady state. This dynamic can be explained through the extrapolative belief
structure. After the initial shock, agents believe that house prices will increase further and invest
in housing. They continue to do so until their beliefs are not met, after which they adjust their
behavior and the model returns to its steady state. Quantitatively, it turns out that this behavior is
too short-lived to explain the sluggishness observed in the data. The inability of DSGE models to
match the persistence in the data is well-known. Therefore, medium-sized DSGE models such as
Smets and Wouters (2007) tend to add backward-looking components, for instance habit formation,
to match these dynamics. While the extrapolative beliefs do improve the model performance to a
certain degree, they cannot capture the full persistence of the response. This indicates that some
sort of sluggish adjustment behavior in housing demand, for instance habit formation on housing

or housing search frictions, are needed to exactly match the data.
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Figure 7: House price response to a monetary policy shock, model versus the data
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Notes: Responses to an expansionary monetary policy shock (25 bp); confidence intervals: 68% (Newey-West).

We now turn to house price responses in booms and busts. Panel (b) in Figure (8) plots the
empirically estimated impulse responses from the local projections exercise. The dynamics are
equivalent to the ones depicted in Figure (4) but are scaled to match a 25 basis point increase. We
only plot 68% confidence bands. Panel (a) shows the subjective expectations model responses for
the boom and bust parameterizations discussed above. In terms of the dynamics, we observe the
same shortcomings as in the unconditional case. The model is unable to capture the full persistence

observed in the data. However, we observe a less persistent response in a boom relative to a bust.

The model is able to capture this pattern qualitatively.
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Figure 8: House price response to monetary policy shocks in booms and busts, model versus data
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parameterization: 0" =0.99, g" = 0.013 (boom), o’ = 0.84, g' = 0.022 (bust).

VI.B Cross-regional heterogeneity in booms and busts

Having demonstrated that our model can replicate aggregate house price responses during both
boom and bust periods, we now turn our attention to analyzing cross-regional heterogeneities. We
evaluate the model’s performance in response to a monetary policy shock conditional on booms

and busts.

Regional house price growth dispersion. We begin by comparing the cross-regional house price
growth standard deviation in the data to that in the model. Empirically, we use the local projections
presented in Figure (2). As for house prices, we focus on the impulse responses in booms and
busts at their respective peaks. We compare the empirically estimated peak responses with their
counterparts in both a rational and a subjective expectations model, conditional on being in a boom
or a bust. Figure (9) presents the results.

Focusing on the rational expectations model, we find that the model is unable to generate any
sizable regional differences: The peak response is almost zero. As before, the rational expectations
model is also unable to generate any differences between booms and busts. Moving to the subjective
expectations model, we find that the model slightly overstates the peak response in a boom, relative
to the data. However, accounting for estimation uncertainty, we are well within the one standard
deviation confidence interval. In the bust, the model does extremely well and only marginally

understates the empirically estimated peak response.
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These results are in line with Proposition (4): Housing supply-side heterogeneities create
differences in house price growth, which in turn is amplified by extrapolation. Larger extrapolation
in busts means stronger amplification and, therefore, larger cross-regional differences. Under
rational expectations, the amplification mechanism is absent; therefore, the model is only able to

create minor cross-regional differences.

Figure 9: Peak response of the standard deviation in regional house price growth to a monetary
policy shock, model versus data
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Notes: Response to a monetary policy shock (25 bp); confidence intervals: 68% (Newey-West); parameterization:
0" =0.99, g" = 0.013 (boom), o' = 0.84, g’ = 0.022 (bust).

House prices and economic activity. After establishing that regional house price growth re-
sponses to monetary policy shocks differ between boom and bust periods, we now shift our focus
to examining house price responses in levels and, ultimately, their impact on aggregate economic
activity. These dynamics are of particular interest due to their implications for welfare and, conse-
quently, their relevance for policy considerations. In the following, we only focus on the subjective
expectations model, since our earlier results showed that regional disparities in the rational expec-
tations model are negligible. Figure (10) shows the response of house prices to a monetary policy
shock, conditional on booms and busts. First, we find that generally, house prices more responsive
in regions where time-to-build is larger, hence in the region where 7* = 4. Second, the differences
between the regions is larger in times of a house price bust. Both of these findings are in line with

the results presented in Section (IV).

38



Figure 10: Regional house price responses to a monetary policy shock in booms and busts
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Notes: Responses to an expansionary monetary policy shock (25 bp); parameterization: 0" = 0.99, g” = 0.013 (boom),
o' =0.84, g' =0.022 (bust).

In terms of aggregate activity, we study the response of regional output to a monetary policy
shock, again conditioning on booms and busts. Figure (11) presents the results. We observe that
the region in which house prices are more responsive and the region with a higher time-to-build
also experience a larger expansion in output. The underlying intuition is as follows: As house
prices rise, households expect future price increases and, subsequently, increase their investment
in housing. This surge in housing investment leads to a corresponding increase in output. Due to
stronger extrapolation during busts, the output response and regional differences in output are more
pronounced during these periods.

These findings highlight that regional differences in house price growth translate into variations
in house price levels and output. As these regional disparities propagate through the model,
they eventually affect consumption, labor markets, and inflation. Consequently, these dynamics
influence welfare and become of primary importance for monetary policy. In the next section, we
discuss the policy implications of these results.

Figure (D.1) in the Appendix shows the response of regional house prices and output under
rational expectations. We observe that the rational expectations model is unable to create any

sizable regional differences. This result is in line with our propositions from Section (I'V).
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Figure 11: Regional output response to monetary policy shocks in booms and busts
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Notes: Responses to an expansionary monetary policy shock (25 bp); parameterization: 0" = 0.99, g” = 0.013 (boom),
o' =0.84, g' =0.022 (bust).

VII. PoLICY ANALYSIS

Turning to the study’s policy implications, we study how targeting house prices using the Taylor
rule changes aggregate and cross-regional variation. The linearized Taylor rule we consider is
given by

iy = PTRIEE 1 p9gass (17)

For our baseline case, we consider a rule with ¢, = 1.5 and ¢, = 0, as we did for all of the above
exercises. Under house price targeting, we increase the weight on house prices to ¢, = 0.025. We
study the response of house prices to an expansionary productivity shock in the baseline case and

under house price targeting.

Impulse responses under house price targeting. Figure (12) presents the house price responses
to a productivity shock in booms and busts, comparing house price targeting to our baseline.
The response of house prices to a productivity shock under the baseline model closely mirrors the
response to a monetary policy shock, as outlined in Section (VI). Specifically, both house prices and
regional disparities in house prices tend to be more pronounced during busts than during booms.
When house prices are explicitly targeted, however, their response is dampened and there is a

corresponding reduction in regional heterogeneity. Furthermore, a comparison of booms and busts
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reveals that monetary policy exhibits greater effectiveness during busts, as the relative reduction
in both house prices and regional heterogeneity is more substantial in busts than in booms. The
increased responsiveness of house prices can be attributed to a larger pass-through effect from
house prices to expectations, which arises from a heightened degree of extrapolation. As a result,

policy changes are also transmitted to house prices with greater intensity.

Figure 12: House price targeting: House price response in booms and busts

(a) Boom (b) Bust
3 ‘ 3
T=2,¢1=0
2.5 Th=4,¢1=0 2.5}
—-_— T — 2, (154 = 0025
&O 2, lll\T*:4,¢q=0.025’ & 2’
9] 3} y A ‘e
g 2 157
= = ¢
g [oF %
Q 2 Ly -
n 2 o
: s '
= T 0.5+ ’0.
0 .....llll
-0.5 -0.5
0 5 10 0 5 10
Quarters Quarters

Notes: Responses to an expansionary productivity shock (100 bp); parameterization: 0" = 0.99, g” = 0.013 (boom),
o' =0.84, g' =0.022 (bust).

Figure (D.2) in the appendix shows that these results carry over to aggregate activity. House
price targeting reduces the response of the housing output and the regional heterogeneity in the
output. As for house prices, house price targeting is more effective in busts. Intuitively, house
prices drive housing investment and, thereby, housing output. By targeting house prices, the central
bank implicitly reduces housing investment and, consequently, output.

Under rational expectations, this result breaks down (see Figure (D.3) in the appendix): The
house price and output responses are reduced but to smaller degrees than under subjective expec-
tations. Further, regional heterogeneity is unaffected as the model is unable to create any regional

differences in the first place.

To understand how house price targeting affects the economy in a broader sense, we compute
standard deviations of producer price inflation, output, and house prices over the first 48 quarters
after the shock hits the economy. Table (4) presents the results for those variables at an aggregate
level in booms and busts. It also contrasts the rational with the subjective expectations model.

Analyzing the subjective expectations model, we find that, on the one hand, house price targeting
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reduces aggregate volatility in both house prices and output. Moreover, this policy proves to be more
effective during busts, as previously discussed. On the other hand, a trade-off emerges between
stabilizing house prices and managing inflation. Increasing the emphasis on house price targeting
diminishes house price volatility but leads to greater inflation volatility. The underlying intuition
is that a greater focus on house prices by the monetary authority reduces the relative weight placed
on inflation, thereby increasing inflation.

In the rational expectations model, we observe similar dynamics. In contrast to the subjective
expectations model, the changes in volatility between the baseline and house price targeting are

smaller and there is no difference during booms and busts.

Table 4: Aggregate standard deviations across policy rules

Boom Bust

Model ¢™ @9 | m988 yass  gass | gass  yass  gass
1.5 0.00|0.03 0.15 0.18 [ 0.03 0.15 0.18
1.5 0.25|0.04 0.14 0.16 | 0.04 0.14 0.16
1.5 0.00 | 0.01 0.34 0.65)|0.02 0.36 0.76
1.5 0.25(0.03 0.18 0.39 | 0.04 0.19 0.40

RE

SE

Notes: The table shows standard deviations of several variables in response to an expansionary productivity shock
(100 bp); the standard deviations are computed over the first 48 quarters; parameterization: o”* = 0.99, g" = 0.013
(boom), o = 0.84, g' = 0.022 (bust).

Focusing on regional differences, we compute the cross-regional standard deviations across
both the policy rules and the models for producer price inflation, output, and house prices. The
results are shown in table (5). Beginning with the rational expectations model, we observe no
cross-regional variation in either inflation or output. However, there are minor regional variations
in house prices, which are further diminished by leaning against house price fluctuations. In
contrast, the subjective expectations model exhibits cross-regional differences across all variables.
Here, targeting house prices significantly reduces these variations, with the policy proving more
effective in times of busts. Intuitively, extrapolation amplifies movements in house prices that spill
over to the rest of the economy. If the house prices are not as volatile, the extrapolation is also

mitigated, and so is the differential regional response.
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Table 5: Cross-region standard deviations across policy rules

Boom Bust

Model ¢~ ¢4 | gHF  yHF  gHF | gHF  yHF  GHF
1.5 0.00 | 0.000 0.000 0.0040 | 0.000 0.000 0.0040
1.5 0.25 | 0.000 0.000 0.0038 | 0.000 0.000 0.0038
1.5 0.00 | 0.001 0.017 0.057 | 0.001 0.026 0.080
1.5 0.25 | 0.000 0.010 0.040 | 0.000 0.034 0.045

RE

SE

Notes: The table shows standard deviations of several variables in response to an expansionary productivity shock
(100 bp); the standard deviations are computed over the first 48 quarters; parameterization: o" = 0.99, g" = 0.013
(boom), o’ = 0.84, g' = 0.022 (bust).

Welfare implications. We demonstrated that house price targeting leads to a reduction in both
the aggregate variance in house prices and output and a universal decrease in regional dispersion
across all variables. However, this policy is associated with an increase in inflation volatility. This
observation prompts the critical question of whether house price targeting is a desirable policy
intervention. To assess this, we derive a welfare-based loss function and perform a comparative
analysis across different policy rules. The loss function is based on a second-order approximation
of the utility function of each region, with each region being weighted by its size. It is important
to note that the steady state is efficient.

Before we turn to a derivation of the loss function, we briefly review the sources of inefficiency
in this model. In the rational expectations version of the model, the only source of inefficiency is
inflation, which arises due to price adjustment costs. Under subjective expectations, agents’ choices
are distorted due to their misspecified beliefs. In particular, households wishing to achieve capital
gains in the future may be willing to shift resources from consumption units to housing demand and
investment. Additionally, this will also distort households’ labor supply. This provides a motive for
the policymaker to lean against house prices. Further, in our setup, their welfare losses can arise
due to regional heterogeneities. We discuss this in detail below.

A second-order approximation of the households’ utility gives the following loss function. We
follow Gali (2015) and express the welfare loss in terms of the equivalent permanent consumption

decline, measured as a fraction of steady-state consumption.

W_ - -y 1 ,
Lo -c5 By Z,Bt . %Q, + Tygt + il“s’s‘t2 +0(3) +ti.p. (18)
=0

Css
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Q, collects the welfare-relevant choices and is defined as
Q, =T"7},, + 6 + T"h} + T"a + T'%7 + 107 - T5<€, 7,

Q;k is defined equivalently. The welfare weights (I'V) are explicitly stated in Appendix (D.2).
From equation (18), it becomes apparent that the welfare loss contains three parts: the domestic
choices (€;), the foreign choices (Q;k), and relative prices measured by the terms of trades (5;).
The formulation further reveals that regional dispersion negatively impacts welfare. This result can
be demonstrated in two distinct ways. First, consider a scenario where all variables, except one,
are symmetric across regions and the regions are the same size. Suppose the policymaker could
implement a policy that alters the heterogeneous variable by shifting variation from one region to
another without influencing the other variables. Given the convexity of the loss function, it would
be welfare-enhancing to eliminate this regional heterogeneity. Second, the terms of trade reflect the
relative price differentials between regions. If the regions move in tandem, then this term becomes
zero, improving welfare. Consequently, policymakers are incentivized to promote homogeneous
co-movement across regions to optimize welfare.

To illustrate this point, we can further rearrange equation (18) in terms of variation at the

aggregate level and in the cross-regional variance.

1 1
Elzﬁf Q88 S 205 + 2rs +0(3) +tip. (19)

Css

Q788 collects the aggregate variation on a currency area level, Q%" is the cross-regional variation,

and Qf° represents the covariance terms:

Qagg l—*ﬂ(ﬁ:ﬂgg)Z+1—*c('~‘188)2+l—~h(hagg)2+rn(f~ﬂgg) +1—‘x(5c~agg)2_r§aé’:‘a tﬁ?gg
Q" =TG5, + TG, + oy + TGy, + IO, + TG0,

QY =T7A(1 - D)7y, ﬁ,%,

The O'}J terms denote the cross-regional variance of a variable j. The covariance term (€7°")
appears due to the presence of the home bias in consumption. Equation (19) indicates that the
policymaker’s objective is a function of both the aggregate economic variation and the degree
of regional dispersion. By implementing a policy that promotes more-synchronized economic

dynamics across regions, the policymaker can effectively enhance overall welfare.

We now revisit the productivity shock and calculate the welfare loss under both our baseline

model and house price targeting, comparing outcomes for the rational and the subjective expecta-
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tions models. Table (6) presents the results and a decomposition into welfare loss on the aggregate
level (€2988) and the cross-regional variation (€""). We drop the covariance and the terms of trade
parts, as they are quantitatively irrelevant. We find that under rational expectations, house price
targeting is welfare detrimental as it increases the loss by 12% relative to the baseline. However,
under subjective expectations, house price targeting proves beneficial, yielding welfare improve-
ments of 7% during booms and 24% during busts. This difference arises because, under subjective
expectations, rising house prices lead households to anticipate further price increases. This results
in a reallocation of resources from consumption to housing investment, alongside an increase in
the labor supply. These decisions, driven by overly optimistic projections of future house prices,
generate welfare losses. House price targeting helps to stabilize price dynamics, thereby reducing
the inefficiencies arising from misguided decision-making. As extrapolation is stronger during
busts, the associated welfare losses are more severe, making house price targeting particularly
advantageous during these periods. In contrast, under rational expectations, these channels are
absent and so are the potential benefits of house price targeting.

Turning to the sources of welfare loss, we find that the welfare loss is mostly accounted for by
the volatility in the aggregate variables (Q988). Under rational expectations, welfare loss through
cross-regional variation (£2V4") plays no role. Under subjective expectations, we find small welfare
losses in the boom case. During a bust, these losses triple in the baseline case but are still relatively
small compared to the overall welfare loss. The relatively small welfare loss attributed to regional
heterogeneities can be explained as follows. The primary driver of the cross-regional variation in
the welfare loss function arises from differences in housing investment across regions. However, the
housing sector represents a relatively small share of the overall economy, resulting in a low welfare
weight (I'*), which exerts a minimal effect on aggregate welfare. Additionally, the pass-through
from the housing sector to the broader economy is weak as it operates predominantly through
general equilibrium channels. A model that amplifies these linkages, such as one incorporating
heterogeneous agents, would likely generate stronger cross-regional variation in the non-housing
sector. Consequently, cross-regional disparities would play a more significant role in determining

aggregate welfare outcomes.
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Table 6: Welfare loss across policy rules

RE SE
Model Boom  Bust
Qass -0.170 -0.146 -0.189
Baseline Qvar 0.000 -0.001 -0.002

total -0.170 -0.147 -0.191
€8s -0.189 -0.135 -0.159

q: targeting QV4r 0.000 -0.001 -0.001
total -0.189 -0.137 -0.160
Qass 1.11 0.93 0.84

Ratio Qvar - 0.58 0.49
total 1.11 0.92 0.84

Notes: The welfare loss in response to an expansionary productivity shock (100 bp); parameterization: 0" = 0.99,
gh =0.013 (boom), gl =0.84, gl = 0.022 (bust); the ratio denotes the ratio of the welfare loss between house price

targeting and the baseline; the welfare loss has been scaled by 100.

VIII. CoONCLUSION

In this paper, we examine regional heterogeneity in housing cycles and their implications for
monetary policy. We document that regional dispersion in house price growth is larger in busts
compared to booms. We then develop a two-region New Keynesian model and show that including
stronger belief updating and regional housing supply-side heterogeneities can jointly explain the
increase in regional house price growth dispersion in busts. We empirically provide evidence that
supports our modeling choices in terms of belief updating and housing supply-side heterogeneities.
Our findings suggest that the monetary authority placing a greater emphasis on house prices can
reduce volatility in output and house prices as well as regional dispersion in inflation, output, and

house prices. Under subjective beliefs, this policy proves to be welfare-improving.
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APPENDIX

A. MICRO-FOUNDING THE DEBT-ELASTIC INTEREST RATE

In the model, households in country H receive on their bond holdings the effective nominal
interest rate 1 +i,_1 — ¥ b,, with b, being the real value of the aggregate bond holding in country
H; households in country F receive the effective nominal rate 1 + i,_; — gbb;k. Moreover, the
intermediation of bond positions entails a real cost y(1 + ;)15 (b,)2 + (1 - y) (1 + 7)1 4 (b} )2,
of which (1 +7,)~1%(b,)? is paid by each consumer in H and (1 + 7,)~'%(b,)? is paid by each
consumer in F. In this appendix, we detail how these debt-elastic interest rates and associated
intermediation costs can be parsimoniously micro-founded. We achieve this by introducing two
competitive bond clearing houses, one in each country, that represent households’ only access to
financial markets and where they incur a real cost that is quadratic in the size of their balance sheet.
The specific market arrangement is as follows: Households hold a consol and may hold liquid
bonds.

Consol. Each household in H is endowed with b € R units of a non-marketable consol>° that pays
as a coupon (871 = 1)(yP,_; + (1 - y)P;k_l)Pt‘ ! units of H’s consumption basket each period, per
unit of consol. This implies that the nominal coupon rate, applied to the nominal coupon value

Pi_ib,is (B = 1)(yP;y + (1 - ’y)P;k_l)/Pt_l; the real coupon rate applied to the real value b,
in turn, is (87! - 1)(y +(1- 7)%)(1 +m,)~!. The situation in country F is symmetric: Each

household is endowed with 5" units of a consol that pays (8!~ 1) (yPr—1+(1-y)P, | )(P,)~" units
of F’s consumption basket each period, per unit of consol. b, b are model parameters selected
such that (i) yb + (1- 7)13* = 0 and (ii) all markets clear in the non-stochastic steady state with
zero net inflation and terms-of-trade parity without households holding any liquid bonds. The latter
fact ensures that there are no costs of financial intermediation in the steady state, shutting down
this particular friction. The specific choice of the coupon payment scheme ensures two facts: (1)
condition (i) implies that the nominal payments between H and F associated with the two consols
exactly cancel out—-whatever H/F receives as coupon payments on its consol endowment is paid for
by F/H as a coupon service on its (endowed) short position of the consol; and (2) the real coupon
rates paid by/ to the consol endowment only depend on the real exchange rate and the inflation rates

and not on the price levels. Households cannot trade their consol holdings.

3 A consol is a type of bond that has infinite maturity and perpetually pays a constant or varying coupon rate.
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Bonds. Households do have the possibility, however, to vary their position in the liquid bond.
This liquid bond is a nominal, one-period, zero-coupon bond and the positions of the representative
H-, respectively, the representative F-household, are denominated as b;, b, . If a household wants
to hold a net balance of liquid bonds different from zero, they must go to one of the clearing houses
in their country: In the H-country, there is a continuum of mass y (respectively mass 1 —y in
F) of competitive clearing houses buying and selling bonds from and to the government and the
respective country’s citizens. Households themselves cannot directly buy/sell government bonds
without having an account at the clearing house. The clearing house can costlessly buy/sell bonds
but it incurs an operating cost that is quadratic in the size of its balance sheet, making this a model
of costly financial intermediation. Thus, the interest rate that each citizen receives on their bond
holdings is determined by the nominal rate paid on government bonds and the aggregate holding
of liquid bonds. Each clearing house is owned equally by all citizens of the respective country
so that it pays its profits to those citizens.3” Consider an arbitrary clearing house in H (with
symmetric arrangements in /). Denoting as B, the nominal value of the clearing house’s net
liabilities against H’s citizens and as By, the nominal value of the clearing house’s position in

the government bond, the profit maximization program is

b : o 2
max _(1 + I )Bc,t+l + (1 + lt)Bg,t+l - _Pz (Bc,t+l) , S.L. Bc,l+1 = Bg,t+l,
Be1+1,Bg,1+1€R 2

where i is the nominal rate clearing of the market for household bond positions and i, is the
nominal rate the monetary authority sets on government bonds. %P,‘ Y(Bess1)? = %Pt(bcﬁl)z
is the nominal cost of intermediating—crucially, the real cost of intermediation does not directly

depend on the price level. The first order conditions for this program are

1‘”'? +l//P;_ch,Hl = Uz,
1 +1i; = uy,

Bc,t+1 = Bg,t+1’

37In equilibrium, each clearing house makes a non-negative profit, and along the transition path back to the steady
state after some shock, each clearing house makes a strictly positive profit. This fact is, in principle, incompatible
with the notion of competitiveness (there is an incentive to open up more clearing houses or, equivalently, it is strictly
profitable to split each clearing house). Therefore, it is better to interpret the clearing house’s program as reflecting
the capacity constraints: The program presented here can be thought of as the inner problem of a profit maximization
program with an additional factor (say, managerial effort), that which (i) makes the intermediation service production
function exhibit constant returns to scale (instead of decreasing RTS), (ii) is provided by households, and (iii) is in
perfectly inelastic supply. When the clearing house is modeled this way, it behaves exactly as modeled here: In the
current way of modelling, the clearing house always makes zero profits and the household’s remuneration for providing
the additional factor is the profit .
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where 1, is the Lagrange multiplier on the balance-sheet constraint B. ;. = B, ;+1. Market clearing

in the household’s bond positions in H requires
VB i1 = YP:ibyi1,

and market clearing in the government’s bond positions requires

YBgir1+ (1~ Y)BZ,H] =0,

= BZ .+ and the clearing

so that by using the balance-sheet constraints B, ;.1 = Bg,H],le 1

conditions for household bond positions in H and F, we recover the market clearing condition for

government bonds in the main model:

YPibra + (1 —Y)ij:+1 =0.

In sum, the aggregate conditions implied by this market arrangement are

1+ by =1+1,,
b, * * .
L+i +yb, ,=1+1i,

yP.b +(1-y)P/b,,, =0,

The nominal profits of the typical clearing house in H in equilibrium are

o /. . . iy —ib
Profit,,; = (i, — zf)Bc’Hl - EP’ 1(BC,,H)2 with optimal B, ;41 = L _tp
1
= (i =)y P = (=100 Py 5

= Pt%(bt+1 )2, using market clearing in the household bond positions.

Of the 1 + i;% nominal interest collected on its (paid for) position of government bonds, each
clearing house withholds ¢/ b, % of the interest from its customers (respectively, charges - b, 1%
of additional interest if b,.; < 0). Half of these ¥ b, 1% are used for covering the operating cost (by
buying this amount of H’s final basket and selling it in exchange for the numéraire), and the other

half is paid as profit to the owners of the clearing house (which, in equilibrium, are its customers).
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B. PROOFS AND DERIVATIONS

B.1 Proof of Lemma (1)

The agents apply the optimal Bayesian filter, that is, the Kalman filter, to arrive at the observable

system:3%
In 241 _ o In7m, + InEs,
q:
2 24 52
o o;+ 0,
Inm, =polnm,_; - > +g-|Ing, + =—2,
2 2
S . - Foriad
where Inm; := E; (Inm,) is the posterior mean, g = Folioliol 18 the steady-state Kalman filter

gain, o2 = 2%)2[—(032 +(1-02)02) +/ (02 + (1 - 02)02)? + 4020202] is the steady-state Kalman

filter uncertainty, and Ine; is perceived to be a white noise process.

To avoid simultaneity in the house price, we modify the belief setup following Adam et al.
(2017).3% We obtain the same observable system but with lagged information being used in the

posterior mean updating equation:

2 2
lnmtzg(l—g)(lnn_u_l—ﬁ)Jrg(lnEJrﬁ). (B.1)
2 qt-2 2
Under this formulation, the posterior mean is predetermined. We may now derive the posterior
mean on the s > 0 periods-ahead of price:
1-g¢ 1

— _A5\2
e 502(9%) )-eXP(V), Vo< o (B.2)

EZDQHS =d:-€Xp ( Inm; - o

For the derivation of equation(B.2) see Appendix (B.2). This completes the proof.

3 We assume the the agents’ prior variance equals the steady-state Kalman variance.

394, appears twice: in the forecast equation, and in the Kalman-updating Equation through In&;. Since ¢, depends
on m1,, but the latter also depends on the former, it is not assured that at any point an equilibrium asset price exists
and whether it is unique. See Adam et al. (2017) for the details. The idea of the modification is to alter the agents’
perceived information setup in that they observe each period one component of the lagged transitory price growth.
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B.2 Derivation of Equation (B.2)

Equation (B.2) is the result of the following calculations:

N
EZDCIHS =4 EZD s q: E? CXP(thIHs - lnCIz) =qt E? 28 ( ZAIHQI+}1)

q n=1
N N
=4 EZD exp ( Zlann) EZD[ H€z+nl
=1 =1
n n
:HIIE;Pet+n:1
s n—1
=qt-E,Pexp(Zl Qflnv,+,,j+g"lnmt])
n=1 L j=0
K s n-—1
=q,~EZDeXp(lnm,‘ Q")-E?exp(z lenv,+,,_j)
n=1 n=1 j=0
~N
P 1-¢° 2
=q; B exp|o - Inm; |-exp(V), Voo
_ _ S 1 _A5\2
— EZDQHS =4 'CXp(lnmz : 9117% + EUZ(Q%) ) cexp(V), V 0'3

B.3 Aggregation and market clearing

To achieve goods market clearing, each goods market for a variety j must clear. For notational
convenience, we define yy () == ey (j) + xm(j) + Pr.u(j) as the total demand for good (H, j)
coming from one typical H-consumer. ¥, := (1 + 7r,)‘1%(b,)2 is the real cost of intermediating
the position of an H-citizen in the union-wide bond. This cost, just like consumption and housing

1
Pﬁt" )" s A¥;. Goods market clearing

investment, gets passed along down to the varieties ¥ p := (

across all goods markets requires
voim [ymdi =y [ynsiddi+ (1=9) [ )i+ [ @i

N\ —€
where @,(j) = (PH#([])) ®; and @, = 5 (I, - 1)% y; account for the price adjustment costs
from the firm side. Since housing investment requires domestically produced goods, we have that

X =xpgsandx; =x Fa And therefore x Hi= 0 and xr, = 0. Aggregation and successive substitution
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eventually yield the domestic and foreign aggregate goods market clearing conditions:

(1 - g(HH,t - 1)2) ey =yyme+ (1=9)yu,
(1 _ g(HFJ - 1)2) v (=) =yyre+ (1= ¥)yr,
Further, the bond market clearing condition is given by
YPibyy + (1-y)P/b,,, =0.

Market clearing in the housing sectors is given by

H(xt—nft) = (ht - (1 - 5)]71—1),
H(x _&0,)=(h = (1=8)h_)).

Finally, the balance-of-payments equation ensures that the household budget constraints hold:
YYFiPr:— Prs(1- V)YZ,t +y (Pibryr — (1 +i;1)Pio1by = b;) = 0.
B.4 Walras’s law and balance-of-payments

B.4.1 Walras’s law
To ensure the economics of the model with home bias checks out, we prove that Walras’s law holds
in our model economy.
We start by providing a list of all market clearing conditions, household budget constraints, and
relevant variable definitions (assuming 7; = Tt* = 0), with equations involving more than one good
being in nominal terms (i.e., units of the union-wide currency). In doing so, we make use of the

micro-foundation of the debt-elastic interest rate rule that is presented in Appendix A. The set of
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market clearing-, profit-, and budget-conditions is as follows:
K *
(GMC) (1 - Eﬂ?q,t) Yoy =yyui+ (1=7)ypu,

* K * *
(GMC") (1 - §ﬂ%,z)yp,t(1 ~¥)=yyra + (1=9)Yp,

(HMC) H(xthagth) :ht_(l_(s)ht—la
(HMC*) H(x;k—r’ft—r) Zhj—(l—d)h;k—l’
(B) yPibyoi +(1=9)P, by =0,

(BC) (CH,I +XH,t)PH,t + (CF,t +xF,t)PF,t + PtCIt(ht - (1 - 5)ht—1) +Pibyy = Winy,

*

) _ Pr+(1-y)P)
+ (1 +l-1 _'J’bz)Pt—lbt +H(xt—r,‘ft—r) “Pig; + P2y + (,3 - 1)%&—1&

*
t+1

(BC™) (cpy+Xp )P+ (Cpy+Xp,)Pre+ Piq; (hy = (1=8)h,_)) +P/b W n,

i _ P,_1+(1-y)P =
+(Ltiy by )P + H(x) o éie) - Plg) + PyS + (B = 1) G0 pr 37,

t—1
K
(Z) Pz = Ph; (1 - 577%1,;) i — Wn; + Pz—l%[bt]z,

* * ok K * * ok * lﬁ *
(X) P2 =PF,Z(1—§7T%,,)y, -Wyn, +Pt—15[bt]2'

(B.3)
These are 9 conditions—Walras’s law now asserts that any one of these nine conditions should be
obtainable through the summation of the remaining eight conditions. We show that the collective

of all of the equations, except for (B), implies equation (B). First, plug (HMC) and (X) into
(BC) to get

K
2
(HMC&X&BC) (CHJ +xH,t)PH,t + (CF,, +XF,t)PF,z + P;le = PH,; (1 - EﬂH’t) Vi

+ (1 +i1 = yby)Pr1b; + P,_1%[b,]2 +(B =D (P +(1- Y)P;k—l)l;

K

2

:PHJ(I 2

ﬂ%—l,t)yt + (1 + it—l)Pz—lbt - Pt_lﬂ[bt]z
+ (B = 1) (yPiy + (1-9)P,_ )b
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. (ivcsmsney  (Coy+ Xm0 )Prs + (Crr+ x5 )Pry+ Py (1+7,)"! % (6,2 +Pibrs =

=y,

(CH,t +XH + lPH,t)PH,z + (CF,I tXF;+ ‘PF,I)PF,t +Pibiy =

K . _ * =
Pu, (1 . En;{,t) Yot (14 ii1)Prsby + (B~ = D)(yProy + (1 -y) P )b

K
— (umcezesc)  Y(YH(PHy +YFiPFy+ Pibis1) = Pryy (1 - 5”?1,,) Vi

+ (1 +io)Poyybe+ (B = Dy (yProy + (1 - Y)P;k—l)l;
— (umcszesceomc)y V(Y Pt +YFiPFy+ Pibiy1) = Py (?’YH,z +(1- V)Y;I,z)
+ (1 +i1) Py + (B = 1)y(yPioy + (1 —V)P;kfl)[;’
and symmetric derivations deliver
(HMC ' &E"&BC &GMC™)  (1-y) (Y, Prs +Yp Prs+ Pbyoy) = Pry (yyrs+ (1-v)yr,)
+(L+im) P (1=9)b + (B = 1) (1 =7)(yPit + (1=7)P_ )b
Adding the two equations gives

(HMC&S&BC&GMC) + (HMC &= &BC &GMC™)
[yPibesr + (1=y)P b, ] = (1 +ir-1)[yPioiby + (1= y) P by ]
~(B =P+ (1=7)P) [yb+ (1-y)b']=0.

=0 by choice of b,b*

If the initial bond levels (which are model parameters) are chosen in agreement with the bond
market clearing condition, that is, yP_;1by + (1 - )/)Pi1 bo = 0, a simple induction argument over ¢
establishes (B), Vt.

B.4.2 Balance-of-payments
In Appendix B.4.1, we establish that

) _ P +(1-y)P)_ -
(HMC&EZ&BC&GMC) 'y (YHJPH’; +YF,tPF,t + Ptbl’+1 - (1 + lt—l)Pl‘—lbt - (ﬁ ! - 1)%Pt—lb)

= Py (vyme + (1 =9)yp,)
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t—1

(mumc* ez’ ecmc”y (1 —7y) (yz,zPH,t + Y;,tPF,t + ij;:l -(1+ it—l)P::—lb;k - (:8_1 - 1)%});—15*

= Pp; (VYFJ + (1~ 7)3’;,:) .

This is equivalent to

E3
(amceseBcsmc)  YYF i Pps— PH,t(1 - Y)YHJ

. _ P +(1-y)P,_ =\
+7(Plb[+1 - (1 + ll—l)Pt—lbl - (ﬁ 1 - 1)%Pl—lb) - 0

*
(HMC &2 &BC " &GMC™) (1 - y)xH PH:—PFriYYF:

*

* . * * _ P;_ 1- P;k_ S
+(1-y) (P, by = (L+im)P by = (B - 1)%&—1[’ ) =0.

t—1

Now both equations dictate that the value of net imports in the respective country (imports minus
exports) be covered by an equal-sized increase in the level of debt. By Walras’s law (see Appendix
B.4.1), the whole list of market clearing conditions, budget constraints and relevant variable
definitions (B.3) is equivalent to (B.3) without (BC), (BC™) and augmented with the balance of

payments equation

Pr, -1 x , PHy I_LP: *
_—— S — 1_ 1_/1 2 ¢ —=
SO Sy (1) (-2 o,

(BOP) y(1-2)( P
+7’(bt+1 —(L+i)(+m) b = (B - 1)(7+ (1 _Y)%)(l +7Tl)_1l;) -

where we use the demand schedules to substitute out the H and F good variables that do not feature
in the MSV representation of the model, and we divided this by P; to get the representation in units

of country H’s final consumption basket.

B.5 Nonlinear Equilibrium Conditions

For simplicity, we drop time to build here. As a starting point to solving the model, we collect all

equilibrium conditions in a parsimonious fashion by performing light substitutions.

B.5.1 Expressing price levels with only inflation rates and terms of trade

We define the terms of trade as

This entails
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and allows us to write

_ -1 -171=1/%
m, = ((Hl 1/§) 1 /1/1(St1—1/§)—1) +(1il S1—1/§+(H11:;1/§‘)—1) ] ,

ﬂ [
_ » Jp———
* 1-1/gy-1 1-1/¢y~1 =" 1oy 1-1/¢y -1 S
I, = (H )" T —— (s ) + T St +(HF,; ) >

1 1 1
Py \"s [ 1177 —1'(‘*) _1
Ii{’t . A+ (1 _,1)5,~tg ] ) : =: pH(st) S, () =pu(s) Vs )stsT s, p;l(l) =1-4,

t L

11 7e-1\"% _1 /
=|As; °© +(1—/l):| = Pr(s:) S, wr) ——ve@ s <o, pp(l) = -4,

()

)

(PH,[)_g \ _1]1/§|~(—é)
(%)

1
P* = (1 /l ) +A St =: p;(sl)_z’ VI(s) = (o () VST S 5 p;’(l) _ /l*,
t B | |
P < [ 1-= Vo1 "¢ 1
PF*,I = (1 _/l*)st S +A*:| S B — p*F(Sl‘) s, D::,(S):—(P:‘(S))z_l/g(l—/l*)s]/g >0, p*F/(l) _ _(1 —/l*),
t L
1
[ s, T
ii = /lsl‘ (1 /l) s = D(Sz), p’(x):p(s)l/sL7 [/M —(-D(- s )50,
Pt _(1—/1*)} I/S'_'_/l ((1 A%)sl- 1/g+/1)

(1) =" - (1-2)(1-2").

We characterized every expression that involves any consumption price level in terms of the inflation
rates and the terms of trade. This means that we need not track the price levels that are determined

in equilibrium only up to a translation.

B.5.2 Condensing the set of market clearing conditions
Using the expressions above and the demand schedules for the goods varieties, we can rewrite the

goods market clearing condition into
K _1 *y % 1%
(1 - E(HHJ - 1)2)§a,z”z7 =ypu(s) sy + (1=y)(1 =2 )py(s) <y,,
K * _1 %k N R
(1 - S, - 1)2)gwnt(1 ) =y (1= D) pr(s) S+ (1= ) () % x0.

We can also use the above expressions in the balance-of-payments (BOP) equation (derived in
B.4.2), to obtain

(BOP) y(1-)pr(s) "5y - (1=9)(1 = A )pi(s) "5 p(s,) "y,
vy (b = (A + i) (1 + 7)o = (B = 1) (3 + (1=9)p(s1) ) (1 +7,)7'B) = 0.
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We are now ready to state the set of nonlinear equilibrium conditions.

B.5.3 Nonlinear equilibrium conditions
Using the short-hand notation y; := ¢, + x, + (1 + 71,)‘1%(b,)2 (analogously for *)

Household
Enghy” P fcz+1( Ct )U

h = 2= +B(1-6)E : ,
() e Eepcy” ﬁ( ) ! Eer \Crr1 L

¢
X1y
n — = Wy, (B.4)
(n) Foeo W
c (oa
(b) 1=/3EZ’{§;”[1 (ﬁ) (1+r,+1)},
c, +
(x) l=gq &),
Household*

* * * h*)ﬂ/ f t+1 C>X< v *
h RS TR WD R R EP{ > (—f) :
( ) ql‘ gh’sséfh,b_s é":cyt(ct )70_ B( ) t gc,t Ct+1 qt+]
(n*) X(n;k)(p _W*

* - t»
Eci(c, )

* é‘:c’ 1 C>}< 7 *

o) =g (e (L) e ),
& t+1

* % ot K \p—
(x ) 1= q: 'é:x,ssgi_,;s(xt )77 1’

Interest rates

L +ii1—¥b,
ltr = — 271
(r) 1 1+
« « l+i —ub)
(") Ny = L 2P0
1 +m,
Firm

(PC) k(g - DIy, - (1—€) —e(1 - Tf)é:iflpy(s,)-l -

(o
}EZD {,8&’”1 ( Ct ) Ear+1Mi41 k(Mg 41 — 1)H121,z+1}’

fc,t Cr+1 fa,tntHHl

Firm#*
*

(PC*)  «k(Tp, - DI, — (1-€) - e(1 - Tg)étv—ltp;(st)_l -

3 c; \7 &arnin,
Jg+1 g+
EZD {ﬁ s ( *t ) . * t:l K(HF,I+1 - ]‘)H%J+1} D)

Ser \cpyy ) Eaamy 1L,
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Bond market clearing

(B) ybui+ (1-7)p(s1)by.y =0,
Goods market clearing

S G

(GMC) (1= My = 1)) éwumy = yApn(s) 5y, + (1= 7) (1= )pp(s0) 7,
(GMCT) (1= 50Ty = 17) aam (1= ) =y (1= () Sy + (1= 1) B () ),

(BOP) (1= D)pr(s)' 5y = (1= %) (1= )y(s) "5 p(s0)™"y,
+y (bre1 = (L+i)(L+m) o = (B = D) (y + (1 =y)p(si-1) ) (1 + 7)) =0,
Housing market clearing
(HMC) n_lfx,,x? =hy = (1-0)h1,
(HMC") (") '€l B () = by = (1-6)hy,

Ex.ss
Price indices
() sr=tlg
g,

/l - -1 A _ B -17150/<
o o o))

1-1/¢ 1 1-1/¢ - 1-2 1-1/¢ 1-1/¢y~1 M
R I R aRIL ) .

() I, =

with the shocks (&;);»0, the allocation variables (c;, cf, b, b;k, h;, hf,x,,x;k, n;, nf)tzo and the price

. * * ., *
variables (W, W, , qr, q; it T T T 4, Tl E 4, 8¢) 150-

B.6 Proof of Lemma 2

In this section, we prove that there exists a unique non-stochastic steady state with zero net inflation
and parity in the terms of trade Py ;/Pr; (Which implies parity in the real exchange rate P;/ P;k , see
the definition of p). We prove this first for arbitrary parameters 7,7, Ensss Exsso fZ’ 550 fiss and then
show that it is possible to select parameters such that the steady-state allocation is symmetric. The
non-stochastic steady state with zero net inflation and real exchange rate parity (“SS” for short) is
obtained by setting Var[|&|] = 0, where the shock vector contains both actual shocks and shocks
that are only perceived (and never observed) by the household within their perceived house price
model: & = (€a15&ctsEnsséxas&inserv)T. Thus, the non-stochastic steady state represents the
time-invariant equilibrium that obtains if the agents do not expect any shock to ever materialize

and indeed no shock ever does materialize, and we have &, = (1, 1, &y g5, Ex 55, 1, 1, 1) T almost surely
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where & g5, €x .55 are the model parameters. We are interested in, and prove the existence and
uniqueness of a non-stochastic steady state in which the net rates of inflation are zero and the terms

of trade are at parity. The latter assumption implies pg (1) = pZ(l) =pp(l) = p;(l) =p(l)=1.

Beliefs are irrelevant in the non-stochastic steady state. The first relevant insight is that in
the non-stochastic steady state, defined as above, the presence and precise parameterization of
subjective beliefs over house prices is irrelevant. To see this, recall that the subjective house price

expectation dynamics are fully characterized by

J— —0° 1 _5\2
Vs>0,E gy = q, - exp ( Inm, - Q—ll_i) + 502(9—11_99 ) ) cexp(V), Voo
oy qi-1 07 (B.5)
lnn_’l[:(l—g) lnmt_l——v +g ln_+_e . .
2 2 2

+ equations determining the equilibrium evolution of the price level, g;.

Now recall that the non-stochastic steady state represents the unique equilibrium of the economy
when the variances of actual and perceived external shocks tend to zero and the initial conditions
are selected such that they give rise to a constant path of equilibrium variables. Formally, the SS
arises by replacing Var[ || & | ] with g2 - Var[||& | ] in the model, taking the limit o — 0 and solving for
the fixed point of the equilibrium equations. Applying this logic, o, 0,0 — 0, to the equations
(B.5) delivers

qss = {4ss - €XP ( lnmss ' Qll%i,v + 0) : eXP(O)

Inmg = (1-g)Inmg +g-0,

from which we see that there exists a unique fixed point, which is 7, = 1, regardless of the level of
qss- This means that the presence of subjective beliefs has no consequences for the non-stochastic
steady state provided the agents have the prior that house prices do not change, 7, = 1, and that
the absence of perceived and actual shocks means that house prices indeed never change, which in
turn means that the prior of constant house prices is never changed.

In summary, if a non-stochastic steady state with zero net inflation and terms of trade parity
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exists and is unique, then it solves the following system of equations.

Household

(h)  qss = Ensshsg s + B(1 = 6)qss,
(n)  xniseds = wys,
(b) 1=pB(1+rg),
(x) 1= qus Ensexls
Household*

(B dss = &5 () 7 (e35) T + B(1 = 6) g,
() x(n)*(css) = ws,

(b)) 1=p(1+ry),

() 1=y Erglog)"™

Interest rates

(r) l+rg=1+ig— by,

(r*) 1 +r:s =1 +ig —gl/b;ks,

Firm

(PC) wgs =1 using that 7¢ = 1/e,

Firm*

(PC*) wi, =1 usingthat 7 =1/,

Bond market clearing

(B) ¥y + (1-7)bgs =0,

Goods market clearing

(GMC)  nyy = ydyss + (1-7)(1 -2y,
(GMC™) ngy(1-7) =y(1 = Dyss + (1-7)Ayyy,

(BOP) 7(1 - ﬂ)Yss - (1 _7)(1 _ﬂ*)y;ks _7(issbss + (B_l - 1)[7) =0,

Housing market clearing
(HMC) Tfléi:x,ss(xss)r7 = Ohys,
(HMC") ()&, (x3)" = Shgs,

(B.6)

where b, b" are the model parameters (see Appendix A for an interpretation) chosen so as to (i)

ensure equilibrium existence, and (ii) ensure that (§1) yb + (1- y)B* = (. We solve for the SS in 4

steps:
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1. First, we explicitly solve a number of equations, thus, substituting out a number of variables:

(a) (b) and (b*) together with (r) and (r*) and (B) imply bs = b, = 0 and iy =
B! -1, hence it follows that ys = cgs + xgs and analogously *. (§1) then implies
b=-b"-(1-7v)/y, where b" is not pinned down yet. We solve for this in the very last
step.

(b) (PC) and (PC™) imply wyy = wy = 1;

(c) together with (1) and ("), this implies rys = (x~1)/? ;7% =: ¢(cyy) with ¢’ < 0 and
analogously for 7}, with the same function ¢;

(d) (HMC) and (HMC™) imply hy, = (6)~1&, ssn~'xY; and analogously for A,,;
(e) (h)and (h") imply (with 8 := B(1 - §))

qss = (1 _ﬁ_)_l é:h,ss [5_1§x,ssn_1x?s]_y c?—s

*

g = (1-8) " [0 ()" | (e

(f) (BOP) now reads y(1 - )y = (1 -y)(1 -2 )ys, — (1 -9)(B! - 1)b", and the
symmetric (BOP™), which is redundant by Walras’s law, reads (1 —y)(1 - A")x}, =
(1= )xg + (1 =y)(B1 = 1)b"; using this in (GMC), (GMC™) produces
(GMC)  ¢(css) =yss+(1=7)]v- (ﬁ_l - I)B*,
(GMC*) ¢(C:s) = Y:s - (:8_1 - 1)5*
2. The remaining equations are (x), (x*) and (GMC), (GMC™), (BOP) with unknowns X, X, Css, Cygr b -
In this step, we show there are strictly increasing functions that yield x, x5, given cyy, o

respectively. We start by plugging ¢, into (x):

(1=5) " €nae [0 ron W] Tty = 1

(the equation for * is symmetric.) Now since € (0,1) and v > 0, the expression on the
left-hand side is a strictly decreasing function of x for any cgs. Moreover, for xg; — 0, the
LHS — +00 and for x5, — oo, the LHS — 0, hence Bolzano’s intermediate value theorem
(and continuity) ensures that for each cgg there exists a unique x;;,. We call this implicitly
defined mapping x5 = (cs5). As the implicit function theorem shows, n,v,o > 0 imply

Y’ > 0. Analogous arguments hold for *.
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3. We now insert our previous findings into the only remaining equations:

(GMC)  ¢(css) —css = (ess) = (1 =)y (ﬁ_l - 1)[;* = ((Css,l;*) =0,
(GMC*) ¢(C>;) - C:v - w*(ctv) + (ﬁ_l - 1)[;* = f*(C:S, B*) = 0’

Observe, now, that ¢y — ¢ is continuous and strictly decreasing with lim._,g{ = +oo (by
lim,,9¢ = +oc0 and lim.o¥ < +00) and lim,_ 400 { = —00 (by lim, 400 ¢, = +00 and
lim._, o, ¢ = 0). Therefore, Bolzano’s intermediate value theorem ensures that there exists a
unique c, for each b*. The exactly analogous argument ensures the existence and uniqueness
of c;,. We call these mappings @ : b* + cg5, @ : b" + c,;. The implicit function theorem
now yields

dw/0b" <0and dw [db" > 0.

4. Finally, only one equation remains, (BOP), with only one variable, 5"

y(1=-)[@®) +y(@(b)]-(1-y)(1-)[@ (b)) +y (@ (b))]
+(1=y)B ' -1)b" =H(DB)=0

with 5" ~ H continuous. It also holds that limz+_,__ H(b") = —00.*> On the other hand, as
b* > +00, H — +00.4! Thus, Bolzano’s intermediate value theorem ensures the existence of
ab” € R, which satisfies the BOP-equation and, thus, the existence of a non-stochastic steady

state.

Uniqueness of the steady-state can be shown by establishing the strict positive monotonicity

of H: (we suppress our arguments, for brevity)

oH

o5 = Y- +yhe’ - (1-y)1 ~) (1 +y T

+(1-y)(B"'-1)

Proof: (1)y(1-)[@ " (b")+y" (@ (b"))] > 0 by non-negativity of consumption & housing investment; (2) y(1-
De+pom]+(1-y) (B -1)b" = y(1-)[¢p-5X(B7-1)b ]+ (1-y) (B~ -1)b" = y(1-D)$+A(1-y) (B~ -1)b",
where the second equality is a consequence of (GMC); (3) limg-_,_., @ = +oo (assuming the contrary will produce a
contradiction with (GMC)); (4) lim._q ¢ = 0; (5) steps 1—4 now imply H(b") < y(1-)¢p+A(1-y)(B'-1)b" - -0
ash” — —co. O

HProof: (1) y(1 - V)@ (") + ¢ (w(b"))] > 0 by non-negativity of consumption & housing investment; (2)
~(1-)[@ (B")+y" (@ (B N+ (B -1)b" = =(1-2)[$(cy)+ (B =)D ]+(B™' =1)b" = =(1-2")¢(cyy) +
A (B7'-1 )b* where the substitution is made using the definition of @ ; (3) limg«_, | oo @ = +oo (assuming the contrary
will produce a contradiction with (GMC™)); (4) Fact 3 and lim,_, ;0. #(c) = 0 imply H(5") > —(1 - A7) p(c,) +
/l*(ﬁfl - l)l_)* —to0oas b’ — +c0. O
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step 2, cf. notes below: > —(1—y)(1-2)(B7'=1) = (1-y)(1 —/l*)(ﬁ_l -1)
+(1=y)(B' - 1)
= (1-y)B'-DI-1+a-1+2"]

-
step 3, cf. notes below: = A+1- %(1 - /1) -1
-y

N (1—y)a-y(1-2)
= /1—7/

v

0 by assumption.

Step 3 follows by symmetric home bias, that is, y(1 - 1) = (1 -9)(1-2") < A" =
1 - %(1 — A); Step 2 requires slightly more work: First, we use the implicit function
theorem on (GMC)&(GMC™), respectively, to obtain

/

_agjep _SHET -1 »

9cfocy ¢ (v

w*,:_(?{*/ab* _ —(,3_1—12 S
ag /acss ¢/_(1+lr// ,)

Second, we recognize that since ¢’ < 0 then

1+—¢’,<1 > 1+—W>
L+y'—¢' —(L+y’)+¢'

and symmetrically for *. This shows that % > 0 and the SS is unique.

Finally, notice that since existence and uniqueness follow for arbitrary parameters 5 € (0,1),7" €
(0,1),&nss Exosso fz o5 5:’” > 0, it is possible to set " > 17 and then choose &, ;. f;ss to ensure that
both (HMC) and (HMC)" hold if hy, = hy, and x,, = x,. Given this choice of & 4, &, and
the symmetry in the housing stock and housing investment, it is then possible to select &), g, 5;;”
such that equations (x)and(x") hold. It then follows that cgs = ¢4y, 1y = Ny, b = b = 0, and the

allocation is symmetric. This completes the proof.

B.7 Derivation of the household’s subjectively optimal plans

In this appendix, we provide a formal derivation of the linearized subjectively optimal household
decision rules presented in equations (9) and (10). Throughout the derivation, we concentrate on

the representative household in H, with the understanding that the situation in F is symmetric.
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For simplicity, we omit domestically produced housing investment goods. This does not affect the
layout of the proof below.

Consider the household program presented in Section III.A, which is restated here for con-
venience.*> We first clarify the shape of the underlying probability space to set the appropri-
ate frame for the following derivations: denote Q > w; := (&, 7, we, 2, 70, (Pt /Pry)sq:)" as
the vector of the external decision-relevant variables that the household takes as given; denote
Q' 5 ' = (ws—5)s>0 as the one-sided infinite history of past external variables; and denote
Q> 5 w := (wy)ez as the typical elements from the set of possible realizations of the full sequences
of the external variables;** and denote B> as the Borel-sigma-algebra over Q>. Each household is
now endowed with a probability measure P over (Q°, 5°°) which encodes their subjective beliefs
over the realizations of the external variables w. Rational expectations, denoted P = P, are a special
case of this setup, where P is the (unique) measure generated by the distribution of & := (& )z
and the equilibrium conditions that allow us to compute w\¢ as a deterministic function of &.#*
As explained in Section III.A, we assume P to be of a particular form: that is, we assume that
P =P,®P_,, where ® is the product measure (statistical independence), P, is the distribution over
(g1 )rez generated by the unobserved components model (2), and P_, is the rational expectations
measure without house prices—that is, the measure over w\q = (&, 71, We, ¢, 1, (Pt PFs) )iez
that which is consistent with the equilibrium-implied joint probability distribution of w\g. Conse-

quently, for any two measurable functions f : R — R, g : RIm@-1 . R we have

EP[/(41) - g(wi\r)] = / £P,(dg)- / gP_ (dw\g).

Finally, E? is the expectation implied by P conditional on the sigma-algebra generated by «'.
Now, at each calendar date ¢ € Z, the household takes as given w’ and chooses today’s consump-
tion, labor, housing, housing investment, and bond levels, (c;, ny, hy, x;, byy1), as well as contingent

lans for the future, {(Crig, Briss Prrgs Xrrss Drigrt) i QS —> RE x R, , to maximize
t+85s Mht+ss Mt+ss At+5s Ut+s+1 + seEN

o - - I+¢
'fc t+sc}+a- é:h t+Sh}+v nyy .
EP S > s 4 2h s s biect t
’;Oﬁ( l-0o I-v X1+<,o SHRjectto
(B.7)

Crys t Qt+s(ht+s - (1 - 6)ht+s—1) + Dppsil + Xprs = WipsNiss

+ (L4 7pes)Dros + Gras - fx;;“x;]ﬂ_T + 245, Vs >0, P-almost surely,

“2We ignore the terms T}, sandb, s since they will be zero in the equilibrium we analyze. All derivations go through
if these terms are non-zero.

B We restrict Q to be the set of absolutely summable sequences.

“For any three vectors x, y, z where x = (y, z), we define x\y := z.
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as well as being subject to a standard no-Ponzi-game condition on b. The first-order conditions for

program (B.7) (suppressing the transversality conditions) are

Vs >0, (h) EerrsCiisGres = Enpeshils + B(1 - 6)Eﬁ—s{§c,l+s+lC;+?;+1Qt+s+l }s
(n) /\/n;o+s§c_,}+scf-—l—s = Wt+ts,
(b)  Eerescils = BEL {1+ rivsat)écresi1 €l } o
(x) ﬁTEZis {Qt+s+T§C,t+s+Tct_-f;+T “fx,t+s+rx?+_sl} = fc,z+scz_+0;a
(BC)  cros + Gres(hies = (1 = 0) hivs—1) + brisi1 + Xpas = Wrashras

gx,t+s n
’ Xivs—r T Zpis.

(B.8)

+ (1 + rt+s)bt+s +qr+s

In close analogy to the standard procedure in a model with fully rational expectations, P = P,
we now derive a linear approximation to (B.8) that—together with the other linearized equilibrium
conditions—allows us to solve the model to the first order in the amplitude of the shocks. The
specific challenge here, with P = P, ® P_,, will be to compute all of the expectations explicitly
that depend on house prices, g. This includes the house prices, themselves, (g;+s)s>0, as well as
the expectations over future contingent choices, (Cy45, Rrtss Rrtss Xrss Drs+1)s30-

To the first order around the steady state* from Lemma 2, in which we have 1 + ry; =
B xn%icT = wis(= 1), qss = Ensshil O] (1 = B), BT qsséx.ssxs | = 1, it holds that, Vs > O:

B P S )
h 7/; 1 o Ct+s_0-fc,f+s ﬁEt+s‘{ct+S+| o—fc,t+s+l} 1 ZI\tH—,BEZiS (Grvse1}
( ) t+s = ;é:h,Hs + 5 1-3 Ty 1-8 >

(n)  @lipys +0Cris — é?c,zﬂ = Wriss
(b) a+s - éa’,zﬂ = _iEt+s{7’\t+s+1} + Eﬁs {a+s+1 - égc,msﬂ} >
(x) Eﬁ—s@+s+‘r - Eﬁs {O'a+s+r - é?c,t+s+r}
+ (Uaﬂ - é?c,t+s) + Ez+sé?x,t+s+r = (1 -1)Xt+s
(BC) /b\t+s+l = éztﬂ + W;i:t” (Wiss + Tipgs) + s — %aﬂ

- —qsy“i‘” [/EHS -(1- 5)?1\,”_1] + % - (5C\t+s—7' =B Xpqs + gx,tﬂ) .

(B.9)

To characterize the household’s expectations over their own choice variables, we start with the

optimality condition for liquid bonds. Iterations over future instances of the condition reveal

(b) Z'\t+s - éfc,ﬁs = _% ZEHS{?HSHL} + nlggo Eﬁ-sa+s+n-
n>1

#Technically, we are scaling Var” [ |w|] = 0. This is consistent, however, with the definition of P and Var[ |£]] - 0.
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To keep the notation concise, we define, for any random process, (k;);: B, koo 1= limy, 0o BF (ki igin.
Here, we implicitly assume that the law of iterated expectations holds for E, Cis—at the end of
this section, we verify that the EF¢,, we recover does indeed satisfy a law of iterated expecta-
tions. Careful inspection of equations (B.9) reveals that ET, .., is the only subjective expectation
of a choice variable left unknown. This is because the law of iterated expectations for P allows

substituting (b) into

1 — =1 o _
h ’h‘ 1 oo anl Et+s{rt+s+n}—ﬁ; 2”21 Ers{Tres+n+1} 1 ’q\HSf,BEZS {Gres+1} O-EP
( ) 1+s — ;é‘:h,t+s - 7 1—ﬁ_ - ; I_B [+sc009

(I/l) 90ﬁt+s + O_a,‘+s - é‘:c,t+s = Wt+s,

(b) Z'\t+s - égc,ﬁs = _i ZEH—S{?HSHL} + Eﬁsz\oo,

n>1

-
(x) Eﬁ-szl\l+s+7 - Z El+s{?\t+s+n} + Et+sgc,t+s+7' = (1 - U)X\Hs,

n=1

N 17 w .n_ P — S Cys =~
(BC) biiss1 = Ebt+s + = (Wt+s + ”t+s) + Xpgs — ﬁctﬂ

- ‘IS;jzss [7/;”5 - (1 6)hl+s 1] x“ - (jC\Hs—T _IBT%\Hs + gx,t+s) .

(B.10)

Now to find EP ., (and characterize the choices at calendar date 7), we first use the budget constraint

for some s > 7. We start by plugging in the following optimality conditions:

-~ 1T W“nu —~ S CssHssWsT [ = Css B
(BC) bt+s+1 - Ebt+s + = (1 + I/QD)WHS + Zt+s - = Y;”“ (Ct+; fc,t+s) - ys;;—fc,Hs

qsshss (7% o T (=X X —~
- ;::Y [ht+s - ( 6)hl+s 1] )ycii ! (xt+s—'r - B X5+ fx,t+s)

_ va+nwwwa'/90+5qnhw0'/v]E’P —
Vss t+S S

sshss 2 o~ — ~ —_~
+ qyi 11/1 ﬁ (Qt+s ﬂEﬁ—s{qt+S+l} - (1 - 5) (qt+s—l _ﬁEﬁs—l{qt‘*’S}))

+ ;;: ﬁf(l 77) ( Zi—s—‘r{qHS} _ﬁTEZ-Dl—s{Z]\l+S+T}) ’

where we defined the auxiliary variables

anl Et+s {7\1+s+n+l }

h|q|-—‘

T _Z E¢+ {VH + } ﬁ_
s = Ly — g B ,
%
Cris — fc f+s = T Z Et+s{rt+s+n}
n>1
r
~* —~ -
(1 - n)xt+s == Z Et+s{rt+s+n} + Et+s§x,t+s+‘r-

n=1

Notice that the auxiliary variables are composed only of terms over which the household has rational
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expectations; thus, the terms that fade to zero as s — oo.
Next, we apply the operator EF to both sides of (BC) and consider the limit as s — co. This
delivers

(BC) EPZ - lEPE _ Css+nvszs0'/(p+(5qsgh“g—/yErP e

Vss t+s Coo
6q33h33/v +xss (BT-1)/(1 U)E'PZ]‘
Vss
— P~ _ Vss 1-BP7 Oqsshss[v +xss(B~7-1)/(1-n) ’P"\ ]
Et Coo = Css+nssWss0'/§0+5LIsshss0'/V [ E b + Vss E '

Now since EF 7., can be computed from the subjectively perceived house price model, the only
unknown left is EZDEX,. To find this, we plug EF' ¢, into (BC). At some s > 0, we have

(BC) EPEHHI = lEPEHs + M(l + 1/()0)Etw\t+s + Et/Z\H—s - Csﬁ-m;+0'/<pE ( ;k+s - _é:c t+s) yiiz-Eta,t+s

qu{int[ t+s (1 ) t+s— 1] +x”ﬁ TE (Xt+s—r—ﬁTxt+s +§x,t+s)

- LEBP b, - Mutulr el )I0NEP,,

SS‘th _ — A —
+ qyss ill EP ((]t+v ﬁEt+s{ql+s+1} - (1 - 5) (C]z+s—1 _ﬁEﬁs_l{Qtﬂ})) .

After defining the auxiliary variables

* + —
Lts = Wssnss (1 + 1/@)Wras + Tpps— 2 nsysijﬂo—/w ( Cros — é:c t+s) B ycsifffc,ms
h —~k
q;““[ t+s (1 5)ht+s 1] X;Aﬁ fx 1+s> (Bll)

svhw - - ) -
Orys = qus %L (Qt+s ﬁEt+s{CIz+s+1} - (1 - 5) (QI+S71 _ﬁEZis_l{QHS})) ,

we can rewrite (BC) into

(BC) Elbriser = $E by + Bizyyy + 2B 7TE] (Rivs—r — BRins) + B Qri

_I;TﬁEZ’b _ 0asshss|v HS;EA,; D/ gPa

Performing backward substitution until s = 1 delivers

(BC) B Byser = bt — (1 = ) i | LB b 4 2ty e B DI P |

+ B B (Bazyn + BT Qrin) + B 55T Zﬁ"EP (Kisner = B %rsn)

n=1 n=1
— EZyb\z+s+1 _Engoo =g~ A b1 + Z,B (EtZHn +E Orin) + x“ﬁ ZﬁnEP (Xtsn—t = B Xr+n)
n=1
~EFbe - (1 —,88)1%5% hss v +xs;g€ T/ pPa ]
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Now since we know that lim,_, o EZ)ZH s exists, it must be that the left-hand side of this equation

tends to zero as s — oo. But since 75 — +oo0 as s — oo, this implies that

EPb _ bt+l+z,8n(EtZ;+n+E Qt+n)+xm B ZlgnE’P (Rianr — B Tren) - ﬂ 0qsshss/v +xs;f;8_ -1)/(1- U)EPQ\

n=1

=BT | B Xiin—r by rearranging a convergent sum

so that we can characterize B ¢, entirely in terms of the variables that are either predetermined,
current choice variables (i.e., known under EF) or variables of which we can compute expectations

in closed form (be they rational or not):

P~ _ YVss ﬂ A E xvs n—
Et Coo = Css+nssW9s0—/‘P+54sshs90'/V bt+1 + ﬁ (Etzl+n +E QH—n) + ﬂ E ﬁ Xt+n—1

In the last step, we explicitly characterize the subjective expectation EF >0 1 B"Qysp in terms of
the processes governing subjective house price expectations, namely Gy, 71;.
Recall that for any s > 0, we have EF G4s = G, + (1 - Qﬂ%ﬁt, so that we have

E’[PQH-S = qsysﬁssél v (EZDQH‘A ﬁE {q[+s+1} (1 - )(El‘ qt+s 1 - BEZ){@_H}))
Zq}sﬁ %%;(5(1 B)g: + (1= 0*) 1% — B(1 - 0**1) %5
-(1-8)(1- QS‘1>%mt+<1—6>ﬂ<1—@ )15
=fetalil (5(1 -B)g + % [6(1-B) + (1-Bo)(1 - Q_é)gs—l]>’

which in turn implies

P _ p4sshss 1 0 —~ = 0 0 1-Bo 1-0-6
ZIBSE: Qt+s—ﬂT;<q RS [W—FTB T—Bo ]) (B.12)

s>1

Notice that, as claimed in the main text, that

25+ TR TS >0, VB.6,0€(0,1),%

so that the coeflicient of the posterior expected house price growth rate onto the series is positive.

We have now characterized the household’s decisions at an arbitrary calendar date ¢ up to first

4 Proof. This follows from the claim being equivalent to the statement f (o) := &(1 -Bo) + _ﬁ L (l -0-96)>
0, VB,6,0¢(0,1), from f being an upward-open parabola with f(1) =0, and f/(1) <0. O
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order around the deterministic steady state:

1 — 5.1 —~ _
T 1 _Z _lEz{an}*ﬁ—Z _1Et{rt+n+1} 1 1 _ P~
(/’l) h; = ;fh,z—%a- = 1—% = -3 t+;_ﬁ sz-i-%Et Coos

(n) i +07¢; —é?c,t =Wy,

(b) @-218.i=-1) E{firn} + B C,
e (B.13)

(x) @+(1- 7 —ZEI{?;MME@,M = (1-n)%,
(BC) El‘+1 = é’b\l W”n“ (Wt + nt) + Zl — %Cl‘
- qsysii“ [A —(1—5)ht 1]+ x“ (xz—r_ﬁ%\t"'gx,t),

where, after a few rearrangements,

]EPZ‘\WZ 5qSShSS/V * A+l/’;_/l\' Q 1+1_B£1_Q_61_ﬁ
¢ qi 1o

CSS+O-/§D'nsswss+6CISshssO'/V 1-8 1-Bo 5
>0VpB,6,0¢(0,1)
y 1-8 | & -1
+ §S — . ﬂl’lE Z* + Xss ﬁ—nf_ +Z il
Css + O'/(p “NgsWes T (5(]sshss0'/V ,3 n; t{ Hn} Yss ; i-n I+

Lastly, we verify that the law of iterated expectations holds for the explicit formula given for EF ¢,
above. We define

Ap = ZHI + Zﬁn(EzZ;n + E?an) + x”,B Z,B Xt+n—t
n=1

and note that the law of iterated expectations holds if and only if EFA;,; = A,. Using equation

(BC) to substitute b, in EP A, we arrive at

CsstHO [QnsgsWss 1-8 sshsso [v 1-8
EF A1 = AdJB - Lo LEEP Ay - doshss 0| LEET Ay

Css+0 [Qnsswes+qsshssa[v B Css+0 [ nssWes+qsshssa[v B

(1-6)gsshsso[v 1- BA
Css+0'/90nsswss+5sthsso'/V £

which can be rearranged into EZ’AM = A;.

74



B.8 Solving the model with Dynare

Although the equations in (B.13) serve as an explicit solution of the household decision problem
at time #,*’ they are not in a form that lends itself to easy numerical implementation, that is, to
solving the model. Bringing the equations into a recursive form that—when combined with the other
equations describing equilibrium—can be solved by standard methods is the goal of this appendix.
In a first step, we take care of the appearing infinite sums that are not easily recursifiable. By
that, we mean the forward summation over expected real interest rates, ¢, = —1/o - > ns1 BiTien. In
principle, this variable could be recursified as
¢, =—1jo -Bf +EC,,.
This representation would be incomplete, though, without the boundary condition lim;_, o Et?f 45 =
0. To the best of our knowledge, imposing such a boundary condition is not possible in Dynare’s
native stoch_simul-command.*® Therefore, we employ several rearrangements of the equations

(B.13) in order to eliminate ’c\f First, consider the geometric summation over Z“f which is contained
in 3%, B"E,{z;,,} (" is defined in equation (B.11)):

Z,B”E,{Z‘\::rn} = _g Zﬁn ZEt?\t+2+n+s == ZEtrt+2+n Zﬁ % _% ZEI?;+2+S +$ ZﬁsEt?HHs .

n=1 n>0 s>0 n>0 s>0 s>1

_E‘CHI

Next, consider the housing terms included in z*:

E s~ (1= 0y, (] = B, - (1 - ) g8, g 5““
1 7 s 1+(1 ﬁ)z > 7 14+s+n 7 S+(1_ﬁ_) an 71 s+n
;E t+s+ B 171+ + (1 _ ) t+ 1 TS+

I =
v -5

18(1-6)2+6 5

=TV 18 Birise1 +5 v1 ﬁEtrr+s " Bitis+14n-
n>1

Symmetrically to before, the geometric summation over these terms that is containedin ) -, B"E, {z::rn }s

“TIn the sense that they provide an equation system describing household decisions purely in terms of contempora-
neous or predetermined variables and expectations taken over the objective law.

48 Although it is possible with the command perfect_foresight_solver, a routine we chose not to use due to
its inability to automatically check the Blanchard-Kahn condition.

75



thus, reads as

o0 o0

-~ =~ 1-6)%+6 2 - —
S BEh-(1-0)h 1= Y BB R+ HEE R |40 R 0015 > BB,
s=1 s=1 s=1

We can now restate the entire geometric sum:

S BBz =Y BB M (14 1)y + Ty - SHLIMT O, | L E
s=1

YVss YVss
s=1

_cs5+n5swssa/tp,\*

st Jogy — s [~ (1= 6y, ]

[&S)
—~ S ss(1+1 ssWss = Xss.
- ZﬁsEt [W;vs’zss (1+1/@)Wips + Zpas — 2O 0/(p§6,t+s +32p Tgx 1+s

YVss YVss
s=1
Css+nsswss0-/(ﬂ ﬁ 1~ q.vshss lﬁ(l 6)2+6A 11-6=~ 5 ,B
B Yss T-go't+les = Ty v 1-g s+l Ty Tglres T V_ﬁ”t+s+2
_ Css'H'lssWssU-/‘P B = 0qsshss o _p B
Vss T BB C1 ~ VB Elct+2
—_——

1o
—EtC +O_E,r,+2

t+1

The remaining geometric sums may easily be recursified:

* * o o Wee OG0 Nes k —_
E ﬁsEtZ[+s :ﬁZ[ _ C55+n35W550'/90+ qss MO—/VLEICI_'_I _ MS"—%Q@AEIT”[.FZ Where

Yss 1-B yss v I1-Bo
s=1
* * WsTss — S css(1+1/0)+nsswsso [0 7 Xgs p—T
Z, =BZ, ,+E [—“ “(1 + 1/90)Wt+1 + 2 - Vos =8 T3 o é:x r+1
 CssHssWssT[@ B 1=~ gsshss _1,8(175)2“5,\ 1 1-6—~ 5 ,3
Vss 1_ﬁo-rl+2 Vss y l—ﬂ l+2+ v ﬁrr+1 + Vl ﬁrl+3
0qsshss
Now, defining C; := E Coo + E,cHl T XY PR VE,er allows us to arrive at the final
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Dynare-ready formulation of the household’s decision rules:

(h) Iy = Jéns — 75 BF — QUE T2 — 141 + L o500 + 5Cr,
(b) &-L&,=-LEFi,1 - QiEF.+C,

©) CI:Qé-[q‘,+M-n"L]+Cz:‘;

,BZ "‘x“v Zﬁ Xi- n+bt+1],

CsstnssWss o/ B 1~ 11= s B =~
— SIS s T — +7—r + 2 £o7
Vss -8 o T+2 Vss Tt+2 1-B r+l1 v 1-8 t+3

Wsshss (1+1/0) 41 +Zt+l css(1+1/o)tngswss o/ = Eoil + Xuﬁ fx .
s
v 1-B ]

(Z) Z ﬁ +1 +E[{ Yss Yss

dsshss [ 180- 5)? +6
(n) @+ 0T = Ee = W,

(x) i+(1- —ZEI{mME@,M = (1-n)%,

(BC) Z;t+1 bt + an“ (Wt + n[) + Z[ - C_v;a
- dubu [, - (1 = 0)hy1 ]+ 22T (R = BTE + &)

where

_ 1-Bol-0-61-
Q = 8qyshssT [v(Css + T - NggWis + 0qsshsso[v) L e (0,1), M= %(IJF 1_’8; I—Qﬁg 5ﬁ

C = (Cy5 + NssWss0 @) (Cs + T @ - NggWis + Oqshsso[v) L.
(Notice that M > 0 is proven in footnote 46 in Appendix B.7.)

B.9 Derivations for Section IV

In this appendix we derive analytical results on the behavior of house prices in a one-region,
zero-liquidity endowment economy with instantaneous housing production.

The equations describing the economy are

(h) i = BB Guar = (G - BET Eri1) = v(1 = B) I,

(b) Ci=-0""Eif1s1 +E; Crai,

(BC) byer = B'by +3i - 58 - L (hy - (1-6) k1) + 427, (B.15)
(B) by =0,

(HMC) hy—(1-68)h_y = —t&;,

with the endowment process y; being the only exogenous disturbance to the economy. Iterating on
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(h) and plugging the results into the Euler equation gives our key equation:

@i =B Gt e —v(1= By +v(1 = B)2 > BB Tyssan.
s=0

B.9.1 Proof of Proposition (2)
Under rational expectations, and using the fact that the shocks only hit in period one, we can use

housing market clearing to rewrite the house price equation as

G =BG 71 - (1 - ,8)h,+(1—,8)(1—5) (1_1 Bé)( L&r),

using the fact that under rational expectations expected house prices have the following form

E1g2> =E1g3 - (1 - B)(1-6)el + (1-B)(1-6)* (1——)( &)

B\gs = Eigs - (1- B)(1-0)%s) + (1- B)(1-6)(1 - f%mx—w».

Iteration on this equation and using the fact that the economy returns to the steady-state in expec-

tations gives

+ 6)(—ter)

Eiq = (1 (¢! —5)

Also note that E g3 = (1 — §)E;g>. Finally, we can derive the house price for the first to periods as

a function of the following shocks:

g1 =-€1 —wp(-t&r)

¢ =—(1-6)wp(-t&),
with wy, = (1 —ﬁ_)[(l - 5)(11%56(1 + %)) + 5]. This completes the proof.

B.9.2 Proof of Proposition (3)
Under subjective beliefs, we need to specifically characterize Efﬁﬁﬁ 1. We can make use of the
method described in section (III.B). Importantly, we can make use of the fact that the shocks on the
endowment and, hence, the interest rate only hit in the first period. As households have rational
expectations about these processes, they possess knowledge of this fact. Applying our solution

method, and substituting the subjective beliefs housing model, we get
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y 1-p_

=T+l

g: = q; m, — (1= B)h, -7 1-8)| -5, - ——
t r+om—(1-B)h =71 + (1 -B) q: y+oqhl-j

+(,8ﬂ 0 (1—,8_91—9—6+ 1 )+ l—g__ 1 )ﬁ‘l\,
yl-o 1-B 1-Bo 1-po° 1-9oB l-¢

Rearranging yields

—_

g = —hi — W, 141 + WMy,

L y(1-p) _ 3\~ 3\ pah 1-Bo1-0-6 , 1 1- 1
where w, = 1+ 370% and w,, = (1-B) 1[Q+(1 —,6’)(,8‘17%( I_BQ 1_%@ + 1 55) 1—9% _ﬁ)]'
Further, we have that

0wm _ o mvli, o mpdh(_e_(-B)BBple+6)-1) B

50 = A 1 OB (T O G - peyt (=B
1-20 (1—_Q1—Q—6+ 1 ) - 1-3 N 1 )
(1-0)?"1-8 1-Bo 1-Bo’ (1-Bo)* (1-0)*7

which is smaller than zero for standard parameter choices. The first two periods of house prices

are given by

g1 = —wrer — (—t&r)

32 = ~(1-0)(=t&:) + g
This completes the proof.

B.9.3 Demand-side heterogeneity
Turning to regional differences on the housing demand side, we focus on the differences in the
housing demand elasticity (v). Following the same logic as in propositions (2) and (3), we derive

closed-form characterizations of the house price with respect to a monetary policy shock.

Under rational expectations, the house price is given by

1-8

3= EGies ~Fi —v(1 =)+ V(1 )(1-6) (1= T £) (ae).

Using the same steps as described in the Proof of Proposition (B.9.1) we get

1-8
1-6

8172 = v (1= B)((1-6) £ +6)(-ue)
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The house price response in the first two periods is given by

g1 =-€1 - wpv(—t&)

g =-(1-8)wpv(-te)

Given that ¢ > 0, a higher elasticity of housing demand, hence a lower (v), leads to a stronger

response in house prices to a monetary policy shock.

Moving to the subjective beliefs model, we can use the same approach as in the proof of

Proposition (B.9.2) and arrive at

—_

qi = ~Vh; — O, 7111 + Oy,

~ (1- ~ A\ 3 hy™! 1-Bo 1-0-6 1-
where @ = 1+% and @, = (1-8) 1[Q+(1—B)(,8qu % ( l_ﬁﬁé’ T +1—1,89)+1_Q%_ﬁ)]'

Assuming that ¢ = 0, the house price response to the shock in the first two periods is given by

q1 = —0r&1

Q2 = On8q1

Under subjective beliefs, we arrive at the same result without conditioning on a positive supply
response (¢ > 0). As under the supply-side differences, the subjective beliefs model is more respon-

sive to a monetary policy shock.

To examine the regional disparities in house price growth driven by variations in housing
demand, we make the simplifying assumption that ¢ = 0. As before, we consider two regions (A, B)
facing the same monetary policy shock. The regions differ in their elasticity of housing demand

A

vA > yB. The following statement can be made:

Proposition 5 (Differential house price growth responses, demand-side). The differential house
price growth response in regions A and B under rational expectations with ¢ = 0 is zero.
The differential response of house prices in regions A and B under subjective expectations, with
t = 0 for the first two periods, is given by
B _A~A _ (~B_ ~A
Aql _Aql = (wr — Wy )81

A5 - Aqy = g(@), — @) (AT - AgY),

where @B > &4 > 0 and @B > &4 > 0.
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Proof. The above derived differential house price growth, AZ[? - AZ]“I‘.‘ with j = 1,2, is obtained by

differentiating regional house price responses to a monetary policy shock derived. ]

Proposition (5) demonstrates that under demand-side heterogeneities, a similar result can be
obtained compared to supply-side heterogeneities. On impact of the shock, demand-side hetero-
geneities create differential house price growth rates. This difference is dynamically amplified
through extrapolation. Additionally, differences in housing demand elasticities affect the subjective
beliefs path of housing demand (@2 > &73). The region with a more elastic housing demand
elasticity is more responsive to the shock, as subjective beliefs about future housing demand are
more responsive. Under the simplifying assumptions we made, a similar channel is absent in the

case of supply-side heterogenities.

C. EMPIRICAL PART AND MODEL CALIBRATION

C.1 Data sources

U.S. data. For the monthly house price data on the federal level, we use the SP CoreLogic Case-
Shiller U.S. National Home Price Index, seasonally adjusted from the FRED database (CSUSH-
PISA). The FFR (FEDFUNDS), industrial production (INDPRO), and CPI (CPIAUCSL) on a
monthly frequency are also taken from the FRED. The house price expectations data are the mean
of the expected change in home values during the next year, taken from Michigan University’s
Survey of Consumers. For the quarterly state-level data, we use all transactions house price indices
("State code"STHPI) from the FRED and seasonally adjust them. The remaining state-level data
on building permits ("State code"BPPRIVSA), employment in construction ("Stade code"CONS),
unemployment ("Stade code"UR), and employment in retail are all taken from the FRED and are
already seasonally adjusted. We omit the code for employment in retail, as these vary across states.
GDP (GDP) and the GDP deflator (GDPDEF) are also obtained from the FRED. As already men-
tioned in the main text, the house price sensitivity indicator is taken from Guren et al. (2021), and
the monetary policy shock from Bauer and Swanson (2023). When aggregating the shocks from a
monthly to a quarterly frequency we weigh the shocks according to the time they occurred in the

quarter, giving a higher weight to shocks that occurred at the beginning of the quarter. Hence, the

2

weights are 1, 5, % This aggregation method is in line with Gertler and Karadi (2015) and Almgren

et al. (2022).
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Euro area data. For the euro area, we obtain the real residential property prices from the BIS.
For housing investment, we use real fixed capital formation in dwellings (namq_10_an6) from
Eurostat. Building permits (sts_cobp_q), real GDP (namq_10_gdp), unemployment (une_rt_q_h),
HICP (prc_hicp_midx), and the EONIA (irt_st_m) are also obtained from Eurostat. All series,
except the EONIA, are seasonally adjusted. As already mentioned in the main text, the time to a
building permit was obtained is taken from the World Bank database. And the monetary policy
shocks are taken from Altavilla et al. (2019). For these, we use the same aggregation method as for
the U.S. data.

C.2 Robustness: Cross-regional heterogeneity in booms and busts

For the euro area, the sample covers the period 2000-2019, also on a quarterly basis. The countries
included in the euro area sample are Austria, Germany, Spain, Finland, France, Ireland, Italy, the

Netherlands, and Portugal.

Table C.1: Cross-regional house price growth standard deviation (o) in booms and busts, euro
area

mean  median

pust. 130 127
o.: Boom 1.57 1.59
o.: Bust 2.04 2.02

p —Val. Bust > Boom 0.002 0.004
Number regions 8

Obs. boom 55

Obs. bust 24
Sample 200001 -2019Q3

Notes: The table reports the means and medians, across time, of the estimates of cross-sectional standard deviations
of house price growth rates for the euro area. The test for Bust > Boom is based on a one-sided t-test.
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Figure C.1: Regional house price variations in booms and busts
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Figure C.2: State-level std. house price growth response to main business cycle shock
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C.3 Forecast error response to monetary policy shock

We are first interested in whether house price expectations are formed according to rational expecta-
tions. To answer this question, we study the response of forecast errors to a monetary policy shock.
Forecast errors are interesting for two reasons. First, they show whether house price expectations

follow rational expectations. Under rational expectations, forecast errors should not respond to the
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shock. This becomes obvious in our local projections setup. We define forecast errors as as follows:

fer= quy+12 - E?quynz

, where Aqty .12 18 the year-on-year percentage change in house prices and EZ’Aq? .12 18 the expected
year-on-year percentage change in 12 month formed today. The local projections we estimate are
given by Equation (C.1). At the time the shock hits, in period #, the forecast errors seen on the
left-hand side already contain the forecast formed today for 12 months ahead. In other words, the
shock is contained in the agent’s information set and should be taken into account. Under rational
expectations, agents will perfectly use this information and forecast errors should not respond. The
second insight we may gain from this exercise is on how house price expectations are formed. Given
the response of the forecast errors is non-zero, the dynamics reveal how households’ expectations
evolve over time. This will enable us to zoom in on a specific belief updating process that explains
our observations. Due to data availability, we focus on the U.S. in this exercise. The monetary
policy shock is taken from Bauer and Swanson (2023). We use the expectations data from the
Michigan Survey on Consumer Sentiment. The frequency is monthly and the sample runs from
2007 to 2019. As controls, we include six lags of the forecast error and the monetary policy shock.

We estimate the following equation:
fern=a"+p"eMP v x, v upyy,  h=0,1,..,H (C.1)

Figure (C.3) shows the results. The impulse response reveals a non-zero and highly significant
response in forecast errors. We can therefore reject rational expectations. On the dynamic behavior,
we find that for the first 30 months the forecast error is positive, indicating over-pessimism on the
side of the agents. After 30 months, the forecast error turns negative, indicating over-optimism.
For both cases, over-pessimism and over-optimism, the IRF is significant at the 95% confidence
level. Further, the hump-shaped dynamics in the forecast errors indicate sluggish updating in the
expectations formation process. These findings are in line with Adam et al. (2022). Angeletos et al.
(2021) document similar dynamics in an SVAR setup for unemployment and inflation in response

to an unemployment and inflation shock.
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Figure C.3: Forecast error response to a monetary policy shock, U.S.
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C.4 Forecast error response to a monetary policy shock in booms and busts

In the following, we estimate equation (15) for forecast errors. Figure (C.4) plots the results. We

notice that the forecast errors react notably different in booms relative to busts.

Figure C.4: Forecast errors in response to monetary policy shocks, boom-bust
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Notes: Responses to an expansionary monetary policy shock (1 std); confidence intervals: 68% and 95% (Newy-West).

C.5 Time-to-build in the U.S.

The time it takes to obtain a building permit or, generally, to build a house is not available for the

U.S. on a state level. However, the Census Bureau documents construction times for homes on
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a census division level. Below, we aggregate the housing sensitivity indicator from Guren et al.
(2021) to a census division level and correlate them with the housing construction time measured
from the date of authorization to completion. One can see in figure (C.5) that these are clearly

positively correlated.

Figure C.5: Correlation of house price sensitivity indicator with time-to-build

—_
[N]
T

—_
—_
T

—_
T

House price sensitivity

091
0.8
071

*\VSC
0.6L # BsC

6.5 7 7.5 8 8.5 9 9.5
Time-to-build, month

Correlation of house price sensitivity indicator from Guren et al. (2021) with time-to-build a house across census
divisions. Time-to-build is measured from the date of the authorization until the completion of the building activities.

C.6 House price response and housing supply-side heterogeneity in the euro

area

For the euro area, we rely on the same setup as for the U.S: We estimate Equation (16) for house
prices. The cross-section is taken at a country level. The monetary policy shock is high-frequency
identified from overnight interest swaps at a one-year horizon and taken from Altavilla et al. (2019).
As an interaction term, we use the days it takes to obtain a building permit in a given country,
using data provided by the World Bank. The sample runs from 2000 to 2019 and is in quarterly
frequencies. The countries in the sample are Austria, Germany, Spain, Finland, France, Ireland,
Italy, the Netherlands, and Portugal. The vector of controls consists of six lags of the following
variables: the left-hand-side variable, the log GDP, the log HICP, the EONIA, the shock, and the
shock interacted with the interaction term.

Figure (C.6) plots the response of real property prices to an expansionary monetary policy
shock. We find that house prices increase (panel (a)) and that they increase more in countries where
supply is more inelastic (panel (b)). The IRFs are significant at the 95% confidence level. These

results mirror the ones we found for the U.S.
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Figure C.6: House price response to a monetary policy shock, euro area
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Notes: House price response to expansionary monetary policy shock (1 std); the interaction term has been standardized;
confidence intervals: 68% and 95% (Driscoll and Kraay, 1998).

C.7 Model: steady-state values

Table C.2: Steady-state values

Domestic  Value Foreign Value Description

Ex.ss 0.800 f;ss 0.800  housing productivity shifter
En,ss 0.104 f;’ss 0.105  housing preference shifter
Css 0.976 c; 0.976  consumption

Xgs 0.063 x:S 0.063  housing investment

hgs 5506 k., 5.506  housing

Ves 1.040 vy, 1.040  output

b 0.000 b, 0.000  bond holdings

Gss 0735 q., 0.727  house price

Wis 1.000  w,, 1.000  wage

Notes: All steady states except the house price are symmetric across countries. Time-to-build and the steady-state
housing preference shifter are not symmetric across countries. All elements of &5 not explicitly mentioned assume

the value 1.
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D. QUANTITATIVE MODEL

D.1 Further results

Figure D.1: Regional house price and output response under rational expectations
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Notes: Responses to an expansionary monetary policy shock (25 bp).

Figure D.2: House price targeting: output response in booms and busts
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Notes: Responses to an expansionary productivity shock (100 bp); parameterization: o" = 0.99, g” = 0.013 (boom),
o' =0.84, g' =0.022 (bust).
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Figure D.3: House price targeting: house price and output response under rational expectations
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D.2 Loss function

We assume that the policy-maker’s objective is the utilitarian average welfare in the economy,
evaluated under rational expectations. This definition leaves open the question of what information
the policy-maker possesses. Conditional welfare, W_j, is the average expected welfare in the union,
conditional on (i) the economy being in the steady state in the current and all past periods ¢ < 0,
and on (ii) the policy-maker knowing that in # = 0 a set of shocks (&) € (R?)* will realize with
a Gaussian probability distribution but not knowing about the exact realization of the shocks. The
experiment here is that the policy-maker decides about about their instruments at the end of period
t = —1, maximizing the average utility in the union under the expectation that a set of surprise
shocks might materialize in the next period. According to a known distribution—Ilet E_; denote the
operator drawing the expectation with respect to the rational expectations measure and conditional

on (i) and (ii). Specifically,

W =Eoy Y B Tyu+(1-y)u]
=0

W :=E[yu, + (1 - y)u:],
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where ut,uf are the utility functions of the home and foreign household, respectively.*® We
approximate both criteria to the second order around the non-stochastic steady state: Assuming
that the allocation in the non-stochastic steady state is symmetric (Css = Chy» Hgs = o> s = Hog

and so on), we have that

I+¢
ng T o~
SS
_2(;1—0 fa,lnt
Ss
1+
S

00 nes 2 o hy ne? 9 xe 2 . ns 2

W_1 _E r Y K2y, + 0T + chv hy + ‘PXC;?U”I + ﬁ(l -n)x; + Sy by
1) B

ngs 2 v hy TR mre e x N (=2 g T2

-y (Kc::ﬂF,t +0 (%) +VC££(, () +90ch_rr(”t) + T::(l -n )& )T+ L-::Wns‘v(bt)

I+
Ny, = =%
_2 i\io' fﬂ,lnl
s

:
2
CS

11 .
+§?v fv‘,z] +0(3) + ti.p.,
where v = (1-2)(1+4+[2-2]¢)+A(1+[2+5]) +2" (2-2"+[1+27]¢) + (1-2") (1+(2+¢)[1-27]),
O(3) are terms of the third or higher order and “t.i.p.” stands for the “terms independent of the
policy,” that is, the variables that are beyond the policy-maker’s control and, thus, are irrelevant for

the policy selection.

4Note that it holds that EW_; = W.
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