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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



Real house prices since 1950
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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 021

BEL 0.32
CAN  0.32
DNK  0.35
FIN 0.22
FRA 035
JPN  -0.04
NLD  0.23
SWE 0.35
CHE 0.12
GBR 041

USA 034

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)

800 ‘
--—-JPN
700 [ _—USA A ]
i\
600 boom: 9.3% per I'I ~\; bust: -3.2% per |
B year ,'l"\ » ; \\ year
[ ,’ K =
& 500 Iy 7 \‘\ -
o N/ N e
7 ./ (e i
8 400 /
< !
S 300 ,,/ |
= s boom: 5.4% per year
/
200 / - i
Ji
Y
100 —#——— il
// bust: -5.1% per year
—-}'
0 s s s s s s
1950 1960 1970 1980 1990 2000 2010

2020



Three house price patterns: G10 (pattern 2)
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Three house price patterns: CHE (pattern 3)

250 :
CHE
——USA
200+
~
n
(o))
—
(]
© 150 F
Qo
5
(0]
©
£

100 -

50 L L L
1950 1960 1970 1980 1990 2000 2010 2020




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-DelLong/Bansal-Lundblad/Bansal-Yaron



Literature

> Past 15 years

» US boom and bust in 2000s, mortgage market frictions:

Favilukis, Ludvigson, Van Nieuwerburgh (2017), Garriga and
Hedlund (2020), Kaplan, Mitman, Violante (2020), Greenwald
and Guren (2024)

» Earlier literature: fundamentals

Theory: Swan (1984), Topel and Rosen (1988)
Quantitative theory: Davis and Heathcote (2005)
Reduced form, time series: Gallin (2006)

Reduced form, cross-section: Case and Shiller (2003)
» Demographics: Mankiw and Weil (1989)

v

v

v

v

» Finance literature

» Long-run risk: Barsky and DelLong (1993), Bansal and
Lundblad (2002), Bansal and Yaron (2004)
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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 /uj(aj,cj)duj s.t. /ajd,uj =a and /cjduj: c
{aj:5}jes J J

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

pj: measure of people of age j

a;j: consumption of housing services

¢j: consumption of the numeraire good

a and c: endowments (per-capita)



Shadow price of housing services

» Functional form (common in the housing literature)

al €1 l—eo
. . . j7t . > 0
uj(aje; Gie) = i 1—z; + 1—g €1,62,Yj =

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

» Results in planer’s indirect utility function

1—& 1—e

€1
dt t _ 1/er 4 .
Vi = \Utl 2 + T where WV, = [/ij du“}

» Shadow price of housing services = MRS, .

log dy = log WV + eplog ¢ —e1logay  where  ay = Hy /N,



Price of the asset

» House price g; satisfies the standard condition

gt = E¢ [Me1(qes1 + des1)]

> Pricing kernel
—logmi1=0+r

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

> In the data, r; 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 log m;11 from r; due to mortgage market
frictions abstracted from



Stationary transformation
» To deal with nonstationarity, reformulate as

xt = E¢ [mey1 exp(veg)(xep1 + 1))

Xt = qt/dt
Ut+1 = log dry1 — log dt

» For closed-form sIn: Campbell-Shiller (1988) approximation
log x; ~ log E; [exp(log m¢y1 + Vi1 + ko + K1 log xe41)]
ko = log(X + 1) — k1 log X

K1 = 7/(7 + ].)
X: unconditional mean of x;



Summary of the model so far

> log g: = log d; + log x; (stochastic trend + deviations)

log di = log W(e1,v); dpe) + 2 log ¢ — €1 log Hy + =1 log N

log x; ~ log E; [exp(log m¢y1 + Vi1 + Ko + K1 log xe41)]

—logmip1=46+r

Vt+1 = Ze4+1 + £28t+1 — E1heq1 + £10e41
logWii1 — log Wy

8t+1 = log cr1 — log ¢

ht11 = log Hy 11 — log H;

net1 = log Ney1 — log Ny

Zt41 =

» d; depends only on current V;, ¢, Hy, N;
» x; depends only on expected future z; v, grii, herj, Ny



Exogenous processes

» To close the model, need processes for ry, g¢, ne, z¢, ht

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

» Specification tests are carried out



Exogenous processes

> Interest rate
re41 = Vr + @rte + Urfr,t—l—l



Exogenous processes

> Interest rate
re41 = Vr + @rte + Urfr,t—l—l

» Per-capita GDP growth rate (long-run component)
Br+1 = Vg + St + 0glg,t41

Sg,t+1 = gSg.t + Sglgt41



Exogenous processes

> Interest rate
re41 = Vr + @rte + Urfr,t—l—l

» Per-capita GDP growth rate (long-run component)
8t11 = Vg + Sg.t + 0g8g 141
Sg.t+1 = UgSg.t + Sglg t+1
» Population growth rate (smooth waves)
Net1 = Vn+ OnNt + Spt + 0néner1

Sn,t+1 = ensn,t + gngn,t—i-l



Exogenous processes

> Interest rate
re41 = Vr + @rte + Urfr,t—l—l

» Per-capita GDP growth rate (long-run component)
8t+1 = Vg + Sg.t +0g&g 141
Sg.t+1 = UgSg.t + Sglg t+1
» Population growth rate (smooth waves)
Net1 = Vn+ OnNt + Spt + 0néner1
Sn,t+1 = OnSnt + SnCn 41
» Growth rate of W,
Zt11 = Vy+ G2 + S0+ 0285 141

Szt+1 = ezsz,t + (zgz,t—i-l



Exogenous processes

> Interest rate
re41 = Vr + @rte + Urfr,t—l—l

v

Per-capita GDP growth rate (long-run component)
Br+1 = Vg + St + 0glg,t41

Sg,t+1 = gSg.t + Sglgt41

v

Population growth rate (smooth waves)
Ney1 = Vp + Ppne + Sn,t Ungn,t—i-l

Sn,t+1 = ensn,t + gngn,t—i-l

v

Growth rate of V;
Zep1l = Vz + @zt + Szt + szz,t—l—l

Szt+1 = ezsz,t + (zgz,t—i-l

v

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



Quantitative analysis



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

log g = log WV + s log ¢y — e1 log Hy 4 21 log Ny 4+ log x;
——

stochastic trend (log d:) deviations

where W, = W(eq,1); dput)

» solution to the Campbell-Shiller eqn

log x¢ = v+ 7,z: + YszSz,t + YnNt + YsnSn,t + VsgSg,t TVt

expectations about fundamentals

- Oz . 1+ k172
V2= 1-— /4,1(@2’ Yoz = 1-— /4,192
_ €1¢n €1+ K1n
/Yn_l—ﬁléﬁ ’st—il_ﬂlen
£2 1
Vsg = Yr =

]. — ﬁ19g7 ]. — /qubr



Bayesian estimation: overview

1. Parameters and states estimated outside of the model

» Processes for gi, ng, 1t

v

Panel estimation for better precision = parameters are the
same across countries

» Loose priors
Kalman filter to estimate the latent states

v

2. Parameters and states estimated conditionally on the model
> €1, €2, Y1, V3, Pa, s, process for z;
» 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)



Parameter estimates |

PANEL ESTIMATION OF THE EXOGENOUS PROCESSES

b or Og og Sg bn 6, on Sn
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

3.28¢-04]

0.7036] 0.0243] 0.9639] 0.0200] 0.0103] 0.8771] 0.9975] 3.35e-05]

The constant terms (v, vg, vp) are allowed to be country-specific.



Parameter estimates |l

PARAMETERS ESTIMATED CONDITIONALLY ON THE MODEL

Common prior distribution Median of the posterior
distribution
Type Mean Variance LB UB Cross-country
Median Std
5 Gamma 0.06 0.001 0.01 0.1 0.052 0.0058
e1 Gamma 1.0 0.3 0.01 10.0 0.67 0.131
=) Gamma 1.0 0.3 0.01 10.0 1.17 0.370
Gamma 0.5 0.1 0.01 10.0 0.40 0.049
1.0 1.0
Gamma 2.0 0.5 0.01 10.0 1.76 0.75
Gamma 2.0 0.5 0.01 10.0 2.15 0.61
Gamma 1.5 0.5 0.01 10.0 1.46 0.32
b Beta 0.3 0.01 0.01 0.999 0.28 0.012
0, Beta 0.9 0.01 0.01 0.999 0.95 0.025
vz Normal 0 0.1 -1.0 1.0 0.014 0.0077
oz Log-normal 0.004 3e-5 le-9 7.34 0.0026 0.00087
Sz Log-normal 0.0006 5e-7 le-9 7.34 0.00029 0.00011

*1)p 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
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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)
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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
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Properties of the estimated model



Model properties, individual countries

STD of deviations from trend

ACORR(1) of deviations from trend
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Decompositions



The role of expectations and interest rates

» Compare

log g: = log W + e log ¢ — 1 log Hy + €1 log N; + log x;

stochastic trend (log d;)

log xt = v+ Vz2: + YszSz,t + YnNt + YsnSn,t + VsgSg,t T Vrlt

> versus

log g = log W + €5 log ¢; — 1 log Hy + €1 log N

stochastic trend (log d¢)



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
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15

14

13

1.2

11

1

0.9

0.8

0.7

0.6- :!

05 | | | | | |
1950 1960 1970 1980 1990 2000 2010 2020

Note: Based on the medians of the posterior distribution.



Decomposition into individual factors of log x;

» Generate model data
log g = log Wy + €2 log ¢; — €1 log H: + €1 log N; + log x;

log xt = v +Vz2: + YszSz,t + YnNt + YsnSn,t + VsgSg,t T Vrlt

with individual elements of log x; fed in one at a time

» compare with full model and stochastic trend



Decomposition: JPN

Effects of z, s, ;
(age distribution)
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Decomposition: JPN

Effects of z;, s, ¢, Nty St
(age dist. + pop. gr.)
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Decomposition: JPN

Effects of z;, s, t, Nty Sntr Sgt
(age dist. + pop. gr. + gdppc gr.)
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Decomposition: JPN

Effects of z;, 5,1, Nty Snty Sgt0 1t
(age dist. + pop. gr. + gdppc gr. + int. rate)
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Elements of the state space: JPN
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Decomposition: G10
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Decomposition: G10
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Decomposition: G10
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Decomposition: G10
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Elements of the state space: G10
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Decomposition: CHE
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(age distribution)
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Decomposition: CHE
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Decomposition: CHE
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Decomposition: CHE
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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 g = log W + €5 log ¢; — €1 log H; + 1 log Ny + log x;

log x¢ = v+ vz2¢ + YszSz,t T YnMt + YsnSn,t + VsgSg,t + Vrlt

> Versus
log ¢ = log V1950 + €2 log ¢; — €1 log H; + €1 log Ny + log x;

log x; = 'Y“"Yz(z = O)‘i"}/sz(sz = 0)+7nnt+'}/sn5n,t+'ysg5g,t+7rrt

» Recall

J
1
log Wy = €1 log E 1/11' /Elﬂj,t
j=1



Demand effect of ageing population, 1950-2019

Change in the share of Effect on 2019 price if

0-24 2539  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: 1 = 0.40, ¥ = 1.0, ¥3 = 1.76, ¢4 = 2.15, 95 = 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 ¢ (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 r;

2. Assume non-separability between a and ¢ (eg, CES)
» Cannot apply aggregation unless a and ¢ 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



Estimation |

» Parameters and states estimated outside of the model

> Process for the interest rate: v, ;, ¢,, o,
» Process for the gr. rate of PCGDP: v, j, 05, 05, S, Sg.t
» Process for the gr. rate of population: v, i, ¢n, 05, 0n, Sn, St

» 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



Estimation Il

» Parameters and states estimated conditionally on the model
» Estimated for each country separately using the equil. process
log g+ = log W + 2 log ¢ — €1 log Hy + €1 log N; + log x;

logxt = v + 2zt + YszSz,t T YnMt + YsnSn,t + VsgSg,t + Vrit
where 7y, ¥z, Vsz, Vn, Vg, Vr depend on the parameters T

» Data: 1951-2019, annual

Real house prices

PCGDP (level, sg.+), population (level, n:, sn.:), interest rate
H; assumed to grow at a const. gr. rate (relaxed JPN, USA)
W, based on J = 5: ages 0-24, 25-39, 40-54, 55-69, 70+

vV vV v v

J
log W} = ¢ log Z wjl/gluj,t

J=1

> z; =log Vi —log W;_1; s;,+ estimated using Kalman filter



Estimation Il

» Parameters and states estimated conditionally on the model

» Limited information Bayesian approach

» Quasi likelihood function

om) = (L) W (-0 -0ty vt o)

» & house price data 1951-2019, V: identity mtx, ® (7): house
prices implied by the model

» T includes

Housing premium: §

Elasticities: 1, 2

Age-dependent housing demand: 1, ¥» =1, 13, 14, U5
Z; process: Vz, ¢z, 0z, 0z, Sz

vVvyyy



