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Introduction

� What drives house prices?

� Still an unsettled question

� Most of the literature has focused on the US boom-bust
period in the 2000s and the debate is still ongoing (eg,
Greenwald and Guren 2025)

� We hope to make progress by studying the experience of 12
developed economies since 1950

� The international experience is arguably even more interesting
that the US boom and bust
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Zoom in (excl. FRA and JPN)
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Summarizing the data by principal components
Loadings on the 1st principal component

AUS 0.21
BEL 0.32
CAN 0.32
DNK 0.35
FIN 0.22
FRA 0.35
JPN -0.04
NLD 0.23
SWE 0.35
CHE 0.12
GBR 0.41
USA 0.34

Method of Barigozzi et al. (2021) for non-stationary data

� AUS, BEL, CAN, DNK, FIN, FRA, NLD, SWE, GBR, USA: similar
loading on the 1st PC, refer to as ‘G10 countries’



Three house price patterns



Three house price patterns: JPN (pattern 1)
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Three house price patterns: G10 (pattern 2)
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Three house price patterns: CHE (pattern 3)
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Our question narrowed down

� Can we quantitatively account for the three house price
patterns in a common theoretical framework?

1. JPN: boom 1951-1991 (9.3%), bust 1991-2009: (−3.2%)

2. G10: ‘hockey stick’: 1951-1993 (1.7%), 1993-2007 (4.8%)

3. CHE: weak trend (1.1%), large cyclical swings (12-36%)



Our approach

� Countries differ (from each other and over time) in the details
of mortgage and housing markets, government regulations, ....

� Propose a parsimonious theory that could be informative
about house prices, irrespective of institutional and market
environments (‘Solow growth model’ of house prices?)

� The theory is based on a common set of a few fundamentals

� population, age composition, income per capita, housing stock

� Take into account persistent random components in the
growth rates of the fundamentals

� Large effects on expectations and thus house prices
� Estimate outside of the model, then put into the model
� Housing meets Barsky-DeLong/Bansal-Lundblad/Bansal-Yaron
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The model



Environment

� Parsimonious model

� Endowment economy: numeraire good, housing stock

� Housing stock provides housing services over time

� People differ in their preferences for housing services: types
indexed by j ∈ J

� We associate j with age

� Demographics: size of the population, age composition



Allocations

� Planner’s problem in period t

max
{aj ,cj}j∈J

∫
J
uj(aj , cj )dμj s.t.

∫
J
ajdμj = a and

∫
J
cjdμj = c

uj(., .): per-period utility fn of a person of age j

μj : measure of people of age j

aj : consumption of housing services

cj : consumption of the numeraire good

a and c : endowments (per-capita)



Shadow price of housing services

� Functional form (common in the housing literature)

uj(aj ,t , cj ,t) = ψj

a1−ε1
j ,t

1− ε1
+

c1−ε2
j ,t

1− ε2
, ε1, ε2, ψj ≥ 0

� Admits explicit aggregation (Maliar and Maliar, 2001, 2003)

� Results in planer’s indirect utility function

Vt = Ψt
a1−ε1
t

1− ε1
+

c1−ε2
t

1− ε2
where Ψt ≡

[∫
J
ψ
1/ε1
j dμj ,t

]ε1

� Shadow price of housing services = MRSa,c

log dt = log Ψt + ε2 log ct − ε1 log at where at = Ht/Nt



Price of the asset
� House price qt satisfies the standard condition

qt = Et [mt+1(qt+1 + dt+1)]

� Pricing kernel
− logmt+1 = δ + rt

rt : real interest rate (exogenous, taken from data)
δ: ‘housing premium’ parameter (to be estimated)

� In the data, rt seems to be determined by global conditions

� 1st PC accounts for 70% of the variation in the 12 real rates

� the average correlation of a country’s real rate with the
country’s GDP growth is only 0.14

� Deviations of logmt+1 from rt due to mortgage market
frictions abstracted from

Discussion



Stationary transformation

� To deal with nonstationarity, reformulate as

xt = Et [mt+1 exp(υt+1)(xt+1 + 1)]

xt ≡ qt/dt

υt+1 ≡ log dt+1 − log dt

� For closed-form sln: Campbell-Shiller (1988) approximation

log xt ≈ log Et [exp(logmt+1 + υt+1 + κ0 + κ1 log xt+1)]

κ0 ≡ log(x + 1)− κ1 log x
κ1 ≡ x/(x + 1)
x : unconditional mean of xt



Summary of the model so far

� log qt ≡ log dt + log xt (stochastic trend + deviations)

log dt = logΨ(ε1, ψ; dμt) + ε2 log ct − ε1 logHt + ε1 logNt

log xt ≈ log Et [exp(logmt+1 + υt+1 + κ0 + κ1 log xt+1)]

− logmt+1 = δ + rt

υt+1 = zt+1 + ε2gt+1 − ε1ht+1 + ε1nt+1

zt+1 ≡ log Ψt+1 − log Ψt

gt+1 ≡ log ct+1 − log ct
ht+1 ≡ logHt+1 − logHt

nt+1 ≡ logNt+1 − logNt

� dt depends only on current Ψt , ct , Ht , Nt

� xt depends only on expected future zt+i , gt+i , ht+i , nt+i



Exogenous processes

� To close the model, need processes for rt , gt , nt , zt , ht

� The processes are motivated by the properties of the
respective data

� Specification tests are carried out



Exogenous processes
� Interest rate

rt+1 = νr + φr rt + σrξr ,t+1
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Exogenous processes
� Interest rate

rt+1 = νr + φr rt + σrξr ,t+1

� Per-capita GDP growth rate (long-run component)

gt+1 = νg + sg ,t + σgξg ,t+1

sg ,t+1 = θg sg ,t + ςgζg ,t+1

� Population growth rate (smooth waves)

nt+1 = νn + φnnt + sn,t + σnξn,t+1

sn,t+1 = θnsn,t + ςnζn,t+1

� Growth rate of Ψt

zt+1 = νz + φzzt + sz ,t + σzξz ,t+1

sz ,t+1 = θzsz ,t + ςzζz ,t+1

� Gr. rate of the housing stock: ht = h (process for JPN, USA)



Quantitative analysis



Model-implied house prices
� House prices = stoch. trend + deviations

log qt = logΨt + ε2 log ct − ε1 logHt + ε1 logNt︸ ︷︷ ︸
stochastic trend (log dt)

+ log xt︸ ︷︷ ︸
deviations

where Ψt = Ψ(ε1, ψ; dμt)

� solution to the Campbell-Shiller eqn

log xt = γ + γzzt + γszsz ,t + γnnt + γsnsn,t + γsg sg ,t︸ ︷︷ ︸
expectations about fundamentals

+γr rt

γz =
φz

1− κ1φz
, γsz =

1 + κ1γz
1− κ1θz

γn =
ε1φn

1− κ1φn
, γsn =

ε1 + κ1γn
1− κ1θn

γsg =
ε2

1− κ1θg
, γr = − 1

1− κ1φr



Bayesian estimation: overview
1. Parameters and states estimated outside of the model

� Processes for gt , nt , rt
� Panel estimation for better precision ⇒ parameters are the

same across countries

� Loose priors

� Kalman filter to estimate the latent states

2. Parameters and states estimated conditionally on the model

� ε1, ε2, ψ1, ψ3, ψ4, ψ5, process for zt

� For each country separately ⇒ parameters are country-specific

� Five age groups: 0-24, 25-39, 40-54, 55-69, 70+

� Tight priors on preferences from micro studies

� Minimizing a distance between house prices in the model and
the data (70 data points), conditional on age distribution data
and the parameters estimated in step (1)

Details 1a Details 2a Details 2b



Parameter estimates I

Panel estimation of the exogenous processes
φr σr θg σg ςg φn θn σn ςn

0.6620 0.0233 0.9387 0.0188 0.0085 0.8694 0.9852 2.71e-5 3.14e-4

[0.6211, [0.0224, [0.9038, [0.0176, [0.0070 [0.8645, [0.9724, [2.23e-05, [3.02e-04
0.7036] 0.0243] 0.9639] 0.0200] 0.0103] 0.8771] 0.9975] 3.35e-05] 3.28e-04]

The constant terms (νr , νg , νn) are allowed to be country-specific.



Parameter estimates II

Parameters estimated conditionally on the model
Common prior distribution Median of the posterior

distribution

Type Mean Variance LB UB Cross-country
Median Std

δ Gamma 0.06 0.001 0.01 0.1 0.052 0.0058

ε1 Gamma 1.0 0.3 0.01 10.0 0.67 0.131
ε2 Gamma 1.0 0.3 0.01 10.0 1.17 0.370

ψ1 Gamma 0.5 0.1 0.01 10.0 0.40 0.049
ψ2

∗ 1.0 1.0
ψ3 Gamma 2.0 0.5 0.01 10.0 1.76 0.75
ψ4 Gamma 2.0 0.5 0.01 10.0 2.15 0.61
ψ5 Gamma 1.5 0.5 0.01 10.0 1.46 0.32

φz Beta 0.3 0.01 0.01 0.999 0.28 0.012
θz Beta 0.9 0.01 0.01 0.999 0.95 0.025
νz Normal 0 0.1 -1.0 1.0 0.014 0.0077
σz Log-normal 0.004 3e-5 1e-9 7.34 0.0026 0.00087
ςz Log-normal 0.0006 5e-7 1e-9 7.34 0.00029 0.00011
∗ψ2 is normalized to equal to one.

The age categories are: 0-24 (group 1), 25-39 (group 2), 40-54 (group 3), 55-69 (group 4), 70+ (group 5).

The growth rate of the housing stock, h, is set equal to 0.02 for all countries (average for GER, FRA, IRL, JPN,

SWE, GBR, USA, different time periods)



Model vs data



Model vs data: Japan
JPN

Note: The thick red line is the median and the shaded areas are the 90% error bands obtained from the posterior

distribution of the parameter estimates.



Model vs data: G10
G10 (1st PC)

Note: The thick red line is the median and the shaded areas are the 90% error bands obtained from the posterior

distribution of the parameter estimates. Based on the 1st PC of model house prices of the individual countries.



Model vs data: Switzerland
CHE

Note: The thick red line is the median and the shaded areas are the 90% error bands obtained from the posterior

distribution of the parameter estimates.



Properties of the estimated model



Model properties, individual countries
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Decompositions



The role of expectations and interest rates

� Compare

log qt = logΨt + ε2 log ct − ε1 logHt + ε1 logNt︸ ︷︷ ︸
stochastic trend (log dt)

+ log xt

log xt = γ + γzzt + γszsz ,t + γnnt + γsnsn,t + γsg sg ,t + γr rt

� versus

log qt = logΨt + ε2 log ct − ε1 logHt + ε1 logNt︸ ︷︷ ︸
stochastic trend (log dt )



The role of expectations and interest rates
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Note: Based on the medians of the posterior distribution.



The role of expectations and interest rates
G10
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Note: Based on the medians of the posterior distribution and the 1st PC.



The role of expectations and interest rates
CHE
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Decomposition into individual factors of log xt

� Generate model data

log qt = logΨt + ε2 log ct − ε1 logHt + ε1 logNt + log xt

log xt = γ + γzzt + γszsz ,t + γnnt + γsnsn,t + γsg sg ,t + γr rt

with individual elements of log xt fed in one at a time

� compare with full model and stochastic trend



Decomposition: JPN

Effects of zt , sz,t
(age distribution)
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Decomposition: JPN

Effects of zt , sz,t , nt , sn,t
(age dist. + pop. gr.)
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Decomposition: JPN

Effects of zt , sz,t , nt , sn,t , sg ,t
(age dist. + pop. gr. + gdppc gr.)
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Decomposition: JPN

Effects of zt , sz,t , nt , sn,t , sg ,t , rt
(age dist. + pop. gr. + gdppc gr. + int. rate)
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Full model
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Elements of the state space: JPN
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Decomposition: G10

Effects of zt , sz,t
(age distribution)

1950 1960 1970 1980 1990 2000 2010 2020

1

1.5

2

2.5

3

3.5

4

 

 

Full model
Stochastic trend
Deviations not responding to r, sg, n, sn



Decomposition: G10

Effects of zt , sz,t , nt , sn,t
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Decomposition: G10

Effects of zt , sz,t , nt , sn,t , sg ,t
(age dist. + pop. gr. + gdppc gr.)
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Decomposition: G10

Effects of zt , sz,t , nt , sn,t , sg ,t , rt
(age dist. + pop. gr. + gdppc gr. + int. rate)
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Elements of the state space: G10
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Decomposition: CHE

Effects of zt , sz,t
(age distribution)
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Decomposition: CHE

Effects of zt , sz,t , nt , sn,t
(age dist. + pop. gr.)
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Decomposition: CHE

Effects of zt , sz,t , nt , sn,t , sg ,t
(age dist. + pop. gr. + gdppc gr.)
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Decomposition: CHE

Effects of zt , sz,t , nt , sn,t , sg ,t , rt
(age dist. + pop. gr. + gdppc gr. + int. rate)
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Elements of the state space: CHE
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Demographic counterfactual



Demand effect of ageing population, 1950-2019

� Compare

log qt = logΨt + ε2 log ct − ε1 logHt + ε1 logNt + log xt

log xt = γ + γzzt + γszsz ,t + γnnt + γsnsn,t + γsg sg ,t + γr rt

� versus

log qt = logΨ1950+ ε2 log ct − ε1 logHt + ε1 logNt + log xt

log xt = γ+γz(z = 0)+γsz(sz = 0)+γnnt+γsnsn,t+γsg sg ,t+γr rt

� Recall

logΨt = ε1 log
J∑

j=1

ψ
1/ε1
j μj ,t



Demand effect of ageing population, 1950-2019

Change in the share of Effect on 2019 price if
0-24 25-39 40-54 55-69 70+ age dist. kept at 1950

AUS -0.10 -0.02 0.01 0.04 0.06 −14%
BEL -0.07 -0.01 -0.02 0.04 0.07 −13%
CAN -0.20 0.00 0.03 0.10 0.07 −28%
DNK -0.11 -0.04 0.01 0.05 0.09 −14%
FIN -0.19 -0.02 0.00 0.09 0.12 −21%
FRA -0.08 -0.01 -0.01 0.04 0.07 −12%
JPN -0.33 -0.03 0.07 0.11 0.18 −24%
NLD -0.18 -0.03 0.03 0.08 0.10 −20%
SWE -0.07 -0.03 -0.02 0.03 0.09 −9%
CHE -0.13 -0.01 0.00 0.05 0.08 −11%
GBR -0.06 -0.02 -0.02 0.03 0.07 −13%
USA -0.10 -0.02 0.00 0.06 0.06 −10%

Median of the medians: ψ1 = 0.40, ψ2 = 1.0, ψ3 = 1.76, ψ4 = 2.15, ψ5 = 1.46



Conclusions
� Expectations about future population and income growth

account for a bulk of the three house price patterns since 1950

� Population ageing has increased the level of house prices but
contributed only little to the patterns of interest

� Broader lessons

� Expectations about future fundamentals can drive house prices
substantially and persistently away from current fundamentals

� This can explain “housing affordability crisis”, when prices
substantially depart form incomes

� Macro-housing models should have persistent shocks to
population and income (TFP) growth rates

� Instead of the typical AR(1) shocks to levels



Thank you



What are the alternatives to that pricing kernel?
1. MRIS of the planner’s indirect utility fn (rep. consumer)

� In rep. agent models with U fn separable in a and c (and no
financial market frictions) the MRIS and the price of housing
services exactly cancel out in response to changes in income

� Using m = f (r), the stand-in household in the model faces a
‘wedge’ between its MRIS and rt

2. Assume non-separability between a and c (eg, CES)
� Cannot apply aggregation unless a and c have the same

elasticity parameter, which is empirically restrictive
� Inconsistent with balanced growth, stationary P-R, unless CES

is Cobb-Douglas and MRIS > 1

3. Model explicitly: financial frictions, heterogeneity, landlords
� Those who price the asset must have different MRIS than

those who consume the asset’s services
� Very costly to do for 12 countries
� Requires data along dimensions of heterogeneity and financial

frictions (impossible to go back very far)

Many macro-housing papers use m = f (r); eg. KMV Back



Estimation I
� Parameters and states estimated outside of the model

� Process for the interest rate: νr ,i , φr , σr
� Process for the gr. rate of PCGDP: νg ,i , θg , σg , ςg , sg ,t
� Process for the gr. rate of population: νn,i , φn, θn, σn, ςn, sn,t

� Each process: state-space panel estimation (better precision of
the persistence parameters and states), Bayesian (Gibbs
sampling), Kalman filter

� Data

� All 12 countries, 1951-2019, annual

� Interest rate (10-year nominal rate - inflation rate)
� PCGDP growth rate
� Population growth rate

Back



Estimation II

� Parameters and states estimated conditionally on the model

� Estimated for each country separately using the equil. process

log qt = logΨt + ε2 log ct − ε1 logHt + ε1 logNt + log xt

log xt = γ + γzzt + γszsz,t + γnnt + γsnsn,t + γsg sg ,t + γr rt

where γ, γz , γsz , γn, γsg , γr depend on the parameters Υ

� Data: 1951-2019, annual

� Real house prices

� PCGDP (level, sg,t), population (level, nt , sn,t), interest rate

� Ht assumed to grow at a const. gr. rate (relaxed JPN, USA)

� Ψt based on J = 5: ages 0-24, 25-39, 40-54, 55-69, 70+

log Ψ∗
t = ε1 log

J∑

j=1

ψj
1/ε1μj,t

� zt = logΨ∗
t − log Ψ∗

t−1; sz,t estimated using Kalman filter
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Estimation II
� Parameters and states estimated conditionally on the model

� Limited information Bayesian approach

� Quasi likelihood function

F (Φ|Υ) =

(
1

2π

) N
2

|V |− 1
2 exp

(
−1

2
(Φ− Φ (Υ))

′
V−1 (Φ− Φ (Υ))

)

� Φ: house price data 1951-2019, V : identity mtx, Φ (Υ): house
prices implied by the model

� Υ includes

� Housing premium: δ
� Elasticities: ε1, ε2
� Age-dependent housing demand: ψ1, ψ2 = 1, ψ3, ψ4, ψ5

� zt process: νz , φz , θz , σz , ςz
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