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Abstract
To which extent do equity and housing hedge against inflation? Despite the extensive
literature, there is only little consensus. This paper presents evidence on this question
from the Jordà–Schularick–Taylor Macrohistory Database covering 16 countries from
1870 to 2020. The results depend on the time horizon and period considered. Within
a 1-, 5-, and 10-year horizon, housing at least partially hedges against inflation. The
nominal return–inflation relation is higher in the post-war period. In the long run,
housing hedges excessively in the whole sample and perfectly in the post-war period.
Equity provides no hedge within 1 year in the entire period, and the returns tend
to decrease with inflation in the post-war period. The hedge improves slightly with
a longer time horizon and is perfect in the long run in the post-war period. Thus,
housing is at least weakly superior in hedging against inflation. The results are robust
to a non-housing consumption price index and an asset price appreciation approach.

Keywords Hedge · Inflation · Stocks · Real estate · Classical dichotomy

JEL classification: C22 · C23 · E31 · E44 · G11 · N10

1 Introduction

For a majority of households, housing and equities are the most important real assets.
They represent more than half of the total assets in household balance sheets (see Jordà
et al. 2019). Thus, changes in the real value of those assets have important implications
for a large fraction of households and, as a consequence, for the whole economy. As
both assets are real assets or claims on them, their nominal returns should keep pace
with inflation and in this way hedge against general price shocks. However, Fama and
Schwert (1977) found that the nominal return on equity declines if inflation increases,
whereas the nominal return on housing keeps pace with inflation. The finding of a
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2584 D. Fehrle

negative relationship between equity returns and inflation has established a strand of
the literature, often called the ‘stock-return inflation puzzle’.1 As the estimated relation
between inflation and the nominal return on housing is in line with theory, this relation
has received less attention. A lack of data additionally explains the sparse knowledge
on the housing returns–inflation relation. Given the fact that a much larger share of
the population owns residential real estate than equities (see, e.g., Kuhn et al. 2020),
this sparse knowledge is unfortunate. Besides, even though there is extensive literature
on hedging against inflation, there is only little consensus and an ongoing debate in
finance and economics on the subject.

The Macrohistory Database built by Jordà–Schularick–Taylor (JST) (Jordà et al.
2017, 2019) provides the opportunity to shed new light on the equity return–inflation
relation, and, more importantly, to compare the relative performance of equity and
housing as inflation hedges. The database provides transaction-based annual return
rates on housing and equity as well as Consumer Price Indices (CPIs) of 16 countries
from 1870 to 2020. Based on these data, Jordà et al. (2019) perform a preliminary
analysis of the relations by presenting the rolling decadal correlations between the CPI
and both nominal equity and housing returns on the country’s average. The present
study aims to examine these relationships in more detail, e.g., in terms of magnitude
and time horizon. To the best of my knowledge, besides the initial analysis of Jordà
et al. (2019), this study is the only one so far using the JST Macrohistory Database to
measure return–inflation relations.

To examine the return–inflation relation in the short and medium run, the study
presents results from pooled linear regressions of nominal returns on CPI inflation
rates. These regressions run on an annual frequency as well as on a 5- and a 10-
year moving average in line with Boudoukh and Richardson (1993). On both, the
1-year and 10-year horizon, the study also examines differences in various periods,
prices and yields, and between countries and nonlinearities in inflation. Cointegration
analyses examine the long-run relations and vector error correction models (VECMs)
illustrate the dynamics between nominal returns and inflation. The estimates refer to
both the country level and the panel as a whole.2 The chosen methods allow a one-to-
one comparison with many other studies. The following definitions are stated for the
extent of hedging. Nominal returns that increase one-to-one with inflation fully hedge
against inflation. Those that increase less or more than one-to-one provide a partial or
excessive hedge, and those that decrease with increasing inflation are a hazard rather
than a hedge. Inflation-independent nominal returns provide no hedge at all.

The estimation results can be summarized as follows. In the short run housing
hedges, at least partly, against inflation for the panel estimates and in virtually all
countries. In the medium run, the countries’ average and the pooled estimated rela-
tionship are higher in comparison to the short run. Post-1950, in the short and medium
run, the panel estimates cannot reject a one-by-one relation at the 5% level. Equity, in
turn, does not provide a hedge against inflation in the short run and in the post-1950
period sample equity is rather a hazard. In the medium run, the countries’ average and

1 Madadpour and Asgari (2019) give a review of this literature by exploring 158 research articles.
2 Pedroni (2019) gives a good introduction to panel cointegration techniques and Canova and Ciccarelli
(2013) to panel VARs. The VECM results are presented only for the whole panel.
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the pooled estimated equity return–inflation relationship increase on average in com-
parison to the short run. 30-year rolling regressions show that the hedging property of
housing increase steadily over time. Equity is especially from the late 1960s till the
1980s a hazard and the ability to hedge against inflation has increased since the late
1980s. A quadratic specification of the regression does not change the explanatory
power of themodel notably. In the long run, housing is an excessive hedge in the whole
period and a perfect hedge or even slightly excessive in the post-1950 period. Equity
hedges partially against inflation in the whole period and perfectly in the post-1950
period. The impulse response functions (IRFs) of the VECMs show that the transition
to the new equilibrium takes about 15 years on average across all countries, periods,
and assets, except for post-1950 equity returns and prices. Post-1950 equity returns
and prices need 30 years or more to reach the new equilibrium. Lastly, the decom-
position into yields and prices shows that the asset price–inflation relation is weakly
stronger than the asset yield–inflation relation.

Based on pooled OLS (POLS) estimation, the hypothesis that equity and housing
hedge equally well against inflation in the short andmedium runmust be rejected at the
5% level for the whole period. Thus, housing is superior to equity in hedging against
inflation in the short andmedium run.Moreover, in the medium run, inflation accounts
for a large fraction of the variation in housing returns, but not in equity returns. The
results are robust when addressing the critique of Anari and Kolari (2002) that the
simultaneous causality bias can arise regarding housing, as the rent determines the
yield of housing and a large fraction of the CPI.

These findings corroborate the initial insights from the 1-year horizon correla-
tion analysis by Jordà et al. (2019). They find that housing returns comove robustly
positively with inflation, and equity returns comove apart from the interwar period
negatively with inflation. Besides these initial insights from the JST Macrohistory
Database, there is plenty of literature on inflation hedging. Arnold and Auer (2015)
give an overview of the state of scientific knowledge on inflation hedging for major
asset classes andMadadpour and Asgari (2019) for the ‘stock-return inflation puzzle’.
Instead of giving a broad literature overview here, I refer to both surveys and discuss
my findings in terms of those surveys. In summary, the equity return–inflation relation
is considered to be negative to non-existent in the short run and positive at horizons
of at least 5 years. However, these results still lack consensus because the particular
studies differ along several dimensions, such as methodologies, time horizons, data
sources, country coverage, sampling periods, and frequencies. The present results
support previous results by applying common methods for various time horizons with
reference to one data source of 16 countries, all with a similar sample period and a
uniform frequency.

The consensus concerning the housing return–inflation relation is even vaguer.
In addition to the problems encountered in the review of the stock return–inflation
relation, there are two more problems: a frequent mix of commercial and residential
real estate and deficient information in general. The few studies relying on transaction-
based housing returns are comparable to the analysis at hand. Brounen et al. (2013)
investigate the inflation, house price, and rent relationship in Amsterdam from 1814–
2008. They find housing protects against inflation, especially in the long run. Anari and
Kolari (2002) and Christou et al. (2018) investigate the house price–inflation relation
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in the USA in the post-war period. They find also housing hedges, at least to some
extent, in the long run. The present paper supports these findings usingwhat Jordà et al.
(2019) claim to be the longest and most comprehensive cross section total housing
return panel. Additionally to the confirmation of previous results concerning housing
returns, the study examines differences between time horizons, considered periods,
and yield and price gains and tests the hypothesis that both housing and equity hedge
equally against inflation in the short and medium run, which is rejected.

Due to high transaction costs and the absence of organized markets, housing is
poorly readily and frequently tradeable, and, therefore, an inept hedging instrument
in the very short run. These frictions imply that the present study is more relevant for
investment decisions with a longer time horizon. These are, in particular, the house-
holds’ existential investment decisions: diversifying life-cycle savings and the decision
to become a homeowner. The former is inherently a lifetime investment decision; for
the latter, note that Brounen et al. (2013) report that on average homeowners inhabit
the same house for 12 years and according to Marlay and Fields (2010) more than
90%, 65%, and 45% of homeowners lived in their current home for more than 1 year, 5
years, and 10 years, respectively in the USA in 2004.3 The holding period of housing
imply that the frequency of the data is sufficient for the investigation of the housing
return–inflation relation as the asset is rarely traded more frequently. The relevance of
the present study for households is reinforced by the mentioned fact that equity and
housing are their most important real assets.

The remainder reads as follows: The next section considers the theoretical reason-
ing behind inflation hedging and introduces the reader to the properties of the data.
The section thereafter considers the short and medium run, including all examined
decompositions and nonlinearities. Thereafter, the paper presents the results of the
cointegration (long-run) exercises. Section 5 presents impulse response of VECM
estimates that highlight the dynamics of the adjustment of nominal returns in response
to an inflation shock. Section 6 and the respective Tables in the Appendix address the
concern of a rent-induced simultaneity bias by repeating the whole analysis with two
different approaches. One subtracts rents from the CPI, and the other from the returns.
Section 7 concludes.

2 Preliminaries

2.1 Theory

Given the identity that the real return factor (1 + ρt ) equals the nominal return factor
divided by the inflation factor ((1+ rt )/(1+πt )), the real return rate is approximately
the nominal return rate minus the inflation rate:

ρt ≈ rt − πt .

3 The duration of living in the current owner-occupied residence also serves to assign a weighting to the
selected intervals of the short and medium term.
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In case, an asset’s real return is independent of the inflation rate, the asset hedges
perfectly against inflation. Alike, the dependency of the real return rate on the inflation
rate measures the extent of the hedging ability of the asset. Given the approximated
identity, it reads

�ρt

�πt
= �rt

�πt
− 1,

and hence, given any appropriate measure of inflation and any asset’s realized nominal
return rates, one can assess the historical ability of the asset to hedge against inflation.
This is the basis of the definitions mentioned above. A change in the nominal return
in the change of inflation greater than one defines an excessive hedge, equal to one
a perfect hedge, between zero and one a partial hedge, equal to zero no hedge, and
smaller than zero defines a hazard. The same holds for the price index elasticity of
the assets’ performance index. Note that the ability to hedge against inflation depends
only on the relationship between returns and inflation but not on the relationship’s
direction. Thus, causality does not play a role in the ability to hedge, nor does the
study make any claims about causality generally.

The potential of an asset to hedge against inflation depends on the asset type.
Cash, for example, has a nominal return of zero (rt = 0 ∀ t). Thus, the change of the
nominal return in the change of inflation is always zero and cash does not hedge against
inflation. The return on a nominal bond in t was stated in t − 1 and thereby, the asset
cannot hedge against unexpected inflation. Yet, a buyer can demand compensation for
the expected devaluation due to inflation.4 In this case, an asset is called an ex-ante
hedge against inflation. Potentially, housing and equity hedge also against unexpected
inflation. The intuition behind the relation to unexpected inflation is straightforward.
Since housing and equity are real assets or claims on them, the nominal values of such
assets and the nominal yields from operations relating to these assets are expected to
keep pace with inflation. In this case, an asset is an ex-post hedge against inflation.

The potential to hedge against expected and unexpected inflation motivates the
research question:5 which of the two major real assets, housing and equity, has per-
formed better in the past as a hedge against inflation? Since this question is primarily
of interest at the household level, the CPI is the natural choice for measuring inflation.
Another interpretation of the object under investigation is more academic, namely
the verification of the relationship between inflation and real economic values, and
between the real economy and interrelated of the classical dichotomy.

The two assets differ primarily in four points. First, housing yields are the rents
paid by tenants or imputed to homeowners, which are included in the CPI basket.
Dividends, the yield of equity, are paid by firms that operate in all sectors of the
economy. Accordingly, they should keep pace with the GDP deflator whereas rents
should raise one-to-one with the costs of housing. Second, dividends are paid after
net reinvestments, housing rents are measured before net reinvestments. Thus, only

4 Irving Fisher was the first who stated the hypothetical relationship between nominal returns and expected
inflation, which is the basis of the named to him Fisher equation (Fisher 1930).
5 Note that the choice of an ex-post hedge analysis instead of an ex-ante is also a matter of data availability
and quality as realizations can be quantified more precisely than expectations.
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housing yields equal the rental rate of capital, while the rental rate of equity capital
equals the yield plus the not explicitly accounted part of capital gains created by
newly installed net capital. Third, shareholders are net debtors on average, and bonds
are issued nominally. Thus, shareholders benefit from unexpected inflation. The return
on housing is not leveraged as it ismeasured as the rental income plus gains from house
price changes. Fourth, housing operations, but not the operations of many companies,
are spatially tied to the corresponding currency area. Therefore, the response of the real
exchange rate to an inflation shock plays a role in whether the return on equity keeps
pace with inflation. The reverse conclusion gives the reason why a domestic asset
analysis is sufficient. The validity of the purchasing power parity theory determines
mainly whether foreign assets protect against domestic inflation, which is yet another
research question.6

2.2 Data

This section starts with a description of the data source and, in addition, the prepa-
ration and manipulation. Then, the existence of the necessary condition of integrated
time series for cointegration analysis is tested. The section ends with a short visual
data examination.

If not stated otherwise, the data are from the JST Macrohistory Database release
6 (see generally Jordà et al. (2017) and in particular for asset return rates Jordà et al.
(2019)). This database brings together macroeconomic data from various sources and
hitherto unavailable variables on asset return rates. The database covers 18 economies
from 1870 to 2020 on an annual basis. Albeit, for some countries individual data
points for return rates are missing and in their entirety for Canada and Ireland. Table
1 illustrates the availability of the time series used in this study and how to deal with
missing values is discussed below.

Two points should be made regarding housing returns. First, the return rates include
imputed rents of owner-occupied properties. The imputation is important, as an own-
occupied property is by definition a perfect hedge against increasing rental rates.
Second, the rent series rely on the rent component of CPIs. This is critical because
it potentially creates a simultaneous causality bias. To address the potential bias, the
study presents two robustness checks. The first one employs a consumer price index
without expenditures on housing and the second one with nominal returns that include
only capital gains using asset price indices, simply put, the latter refers to the asset
price–inflation relation exercises. Further, in the case of cointegration estimation, the
estimators are consistent despite simultaneous causality.

To ensure comparability between housing and equity in the short and medium run,
the study covers the same periods for both asset return rates within a country. As a
consequence, some available data are omitted. The growth rates of the CPI at time t
result in the inflation rate at time t . The performance index at time t is constructed as
the reciprocal of the cumulative product of returns factors (1+rt ) from 2020 to the first
missing data point. As a means to avoid omitting too much data, the assessment takes
the maximum of every index. In the same way as the construction of the performance

6 Taylor (2002) studies the purchasing power parity theory with JST Macrohistory Database-related data.
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Table 1 Data availability

Country ISO Return on housing Return on equity CPI

Australia AUS 1901–2020 1870–2020 1870–2020

Belgium BEL 1890–1964 1870–2020 1870–2020

1976–2020

Canada CAN – – 1870–2020

Denmark DNK 1876–2020 1873–2020 1870–2020

Finland FIN 1920–1926 1896–2020 1870–2020

1928–1944

1946–2020

France FRA 1871–2020 1870–2020 1870–2020

Germany DEU 1871–1914 1870–2020 1870–2020

1925– 1938

1963–2020

Ireland IRL – – 1870–2020

Italy ITA 1928–1938 1870–2020 1870–2020

1946–2020

Japan JPN 1931–1944 1886–1945 1870–2020

1960–2020 1948–2020

Netherlands NLD 1871–2020 1900–2020 1870–2020

Norway NOR 1871–2020 1881–2020 1870–2020

Portugal PRT 1948–2020 1871–2020 1870–2020

Spain ESP 1901–2020 1900–2020 1870–2020

Sweden SWE 1883–2020 1820–2020 1870–2020

Switzerland CHE 1902–2020 1900–2020 1870–2020

United Kingdom GBR 1896–1939 1871–2020 1870–2020

1947–2020

USA USA 1891–2020 1872–2020 1870–2020

Table 2 Unit-root tests

H0: Unit-root H0: Stationarity NT
PH PE PC PH PE PC

GME 0.99 0.13 0.29 0 0 0 >1699

GMEp 0.99 0.55 0.29 0 0 0 >1913

GMEy 0.26 0.00 0.29 0 0 0 >1691

Px : p values of the ADF-Chi-Fisher and Hadri test, respectively. Lag length selection rests on Bayesian
information criterion. H: HPI, E: EPI, C: CPI, superindices p and y indicate solely price and yield indices,
respectively

index, a price and yield index is constructed from data on relative price and yield
changes. Note that the data availability of those relative changes is poorer than of
return rates.
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Fig. 1 Used Indices
Table 2 reports p values of the ADF-χ -Fisher and Hadri test for the whole panel

of the natural logarithm of the housing performance index (HPI), equity performance
index (EPI), and CPI as well as the price and yield indices of housing and equity. The
tests only dismiss the usability of the equity yield index for the long-run analysis.

Figure1 shows the used indices normed to zero in the year all indices became
available. Note first that the EPI of Finland starts with the HPI even though the data
availability is longer. Yet, during the earlier period, the unit root tests reject the hypoth-
esis of a unit root. Note second, in Germany around the time of the hyperinflation in
1923, the EPI kept pace with consumer prices. Unfortunately, no data are available for
the German return on housing during that time. Knoll et al. (2017) describe a striking
house price behavior during that period as a result of persistent rental controls, result-
ing in negative nominal return rates. Figure2 illustrates the used return and inflation
rates. It turns out that the return on equity is highly volatile in comparison to the return
on housing and inflation.
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Fig. 2 Used Growth Rates

3 Hedging in the short andmedium run

3.1 Benchmark

To examine the short- and medium-run relationship between return rates and the
inflation rate, I regress

1

M

M∑

τ=1

rixt+1−τ = αx + βx
1

M

M∑

τ=1

πi t+1−τ + eixt+1,

x ∈ {H , E}, i = {ISO}, t = M, . . . , Ti , M ∈ {1, 5, 10}, (1)
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2592 D. Fehrle

where rixt is the return on housing (x = H ) and equity (x = E) and πi t the inflation
rate of country i at the time t . Note that βx equals the change of the nominal return
of asset x in the change in inflation and thereby, represents the hedging ability of
asset x . The 1-year regression (M = 1) represents the short run and the 5- (M=5) and
10-year (M = 10) moving averages represent the medium run. The estimator of the
parameters θ̂ = [α̂H , α̂E , β̂H , β̂E ] is calculated via POLS.Asfixed and randomeffects
models are inappropriate for small N (= 16), regressing model (1) via POLS seems
the most suitable estimator for heterogeneous panels in the static case. The estimator’s
variance–covariance estimates are cross section dependency, heteroskedasticity, and
autocorrelation consistent by applying Driscoll and Kraay’s (1998) estimator with
(4T /100)2/9 lags. Finally, I test the hypothesis: H0 : βH = βE against βH �= βE .
The statistic is t j = (β̂H − β̂E )/σ̂

(β̂H−β̂E )
with σ̂ 2

(β̂H−β̂E )
= ̂Var(β̂H ) + ̂Var(β̂E ) −

2̂Cov(β̂H , β̂E ).
The rows in Table 3 represent the assets x ∈ {H , E} for the respective time horizons

M ∈ {1, 5, 10}. The corresponding column presents the point estimates of the param-
eters βx of Eq. (1) (β̂x ), the standard deviations of β̂x (σ̂βx ), the adjusted coefficients
of determination (R2

adj,x ), the p value of the hypothesis H0 : βH = βE , (PβH=βE ), and
the number of data points (NT ).

Concerning the return on housing, it turns out that the β̂H ± 2σ̂βH -confidence
intervals of the estimates neither include the zero nor the one for all time horizons.
Concerning the return on equity, it turns out that the β̂E ±2σ̂βE -confidence intervals of
the estimates include the zero for the 1- and 5-year horizon. For the 10-year horizon the
β̂E ±2σ̂βE -confidence intervals exclude the zero. Both the point estimates for housing
and equity increase with the considered time horizon. The housing return–inflation
relation increases from 0.45 to 0.74 from the 1-year to the 10-year horizon and the
equity return–inflation relation from 0.12 to 0.36. Similarly, from the 1-year to the
10-year horizon, the adjusted R-square for the return on housing regression increases
from 0.11 to 0.42 and for the return on equity from 0.00 to 0.06. Finally, the null
must be rejected on a 5% significance level that both investment types hedge against
inflation to the same extent for all time horizons considered.

3.2 Nonlinearities in time

Pre- and post-1950 The dummy �t≥1950, which is 1 for t ≥ 1950 and zero else,
enables the differentiation between the post-war period from the previous period in
the following regression:

1

M

M∑

τ=1

rixt+τ = α1x + β1x
1

M

M∑

τ=1

πi t+τ

+ �t≥1950(α2x + β2x
1

M

M∑

τ=1

πi t+τ ) + eixt+1, .... (2)
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Table 3 Benchmark
M x β̂x σ̂βx R2

adj,x PβH=βE NT

1 H 0.45 0.08 0.11 0.03 1849

E 0.12 0.17 0.00

5 H 0.60 0.10 0.27 0.01 1737

E 0.26 0.17 0.02

10 H 0.74 0.07 0.42 0.00 1620

E 0.36 0.15 0.06

M : moving average periods, x ∈ {H = Housing, E = Equity}, β̂i :
Parameter estimates of Eq. (1), σ̂βx : standard deviation of β̂x , R2

adj,i :
adjusted coefficients of determination, PβH=βE : p value of the test
H0 : βH = βE against βH �= βE , NT: Number of data points. σ̂βx are
cross-correlation, heteroskedasticity, and autocorrelation consistent by
allying Driscoll and Kraay’s (1998) extension of the Newey–West esti-
mator (Lags = (4T /100)2/9)

The parameter estimation and inference are identical to the procedure in the bench-
mark section, and the results are presented by Table 4.

The rows in Table 4 represent again the assets x ∈ {H , E}, now only for time
horizons M ∈ {1, 10} for the sake of brevity. The columns differentiate between the
point estimates of the hedging abilities of the assets before (β̂1x = β̂<1950

x ) and after
1950 (β̂≥1950

x = β̂1x + β̂2x ) and the estimators’ variances (σ ·
βx
). The column Pβ2x=0

displays the p value of the test that the post-1950 period is the same as the pre-1950
period (H0 : β2x = 0). The remaining columns display as previously, the adjusted
coefficients of determination (R2

adj,x ), the p value of the hypothesis H0 : β ·
H = β ·

E
(Pβ ·

H=β ·
E
), here for the respective period, and the number of data points (NT ).

Concerning the return on housing, it turns out that the β̂H ± 2σ̂βH -confidence
intervals of the estimates neither include the zero nor the one for the pre-1950 period
for both time horizons, yet for the post-1950 they include the one for both time horizons
with point estimates of 0.84 within 1 year and 0.91 within 10 years. Concerning the
return on equity, the β̂E ± 2σ̂βE -confidence intervals of the estimates include the zero
for both periods and horizons. The housing return–inflation relation point estimates
increase with the considered time horizon and from the pre- to the post-1950 period.
The estimates of the different periods are also significantly different (p value < 0.01).
Concerning the equity return–inflation relation, this is not the case. The point estimates
decrease from the pre- to the post-1950 period within 1 year and remain similar
within the 10-year moving average regression. Statistically, for both time horizons, the
differences between the pre- and post-1950 periods are not significant. The adjusted
R-squares are higher within the range of 0.02 and 0.1 points in comparison to the
benchmark regressions. Finally, except for the pre-1950 within-1-year estimates, the
null must be rejected on a 5% significance level that both investment types hedge
against inflation to the same extent.
30-year rolling regression To examine different changes over time in the return–
inflation relation, I plot in Fig. 3 a rolling regression with a window of 30 years for
the within-1-year (panel a) and the 10-year moving average regression (panel b).
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Table 4 Pre- and Post-1950

M x β̂<1950
x σ̂<1950

βx
β̂

≥1950
x σ̂

≥1950
βx

Pβ2x=0 R2
adj,x P<1950

βH=βE
P≥1950
βH=βE

NT

1 H 0.34 0.06 0.84 0.09 0 0.14 0.16 0 1849

E 0.19 0.19 −0.23 0.39 0.14 0.02

10 H 0.47 0.06 0.91 0.08 0 0.5 0.03 0 1620

E 0.28 0.14 0.28 0.22 0.34 0.16

M : moving average periods, x ∈ {H = Housing, E = Equity}, β̂x : Parameter estimates of Eq. (2),
σ̂βx : standard deviation of β̂x , Pβ2x=0 p value of the test H0 : β2x = 0, R2

adj,x : adjusted coefficients

of determination, PβH=βE : p value of the test H0 : βH = βE , NT: Number of data points. σ̂βx are
cross-correlation, heteroskedasticity, and autocorrelation consistent by allying Driscoll and Kraay’s (1998)
extension of the Newey–West estimator (Lags = (4T /100)2/9)

Fig. 3 Rolling regressions

Within 1 year, in the beginning, both assets do not hedge against inflation, but the
return–inflation relation increases until the late 1960s for both assets. In the 1970s
the relationship between the equity return and inflation becomes negative, with point
estimates near−1. This relation turned in the 2000s where the hedging ability become
unclear as the 95% confidence interval includes both± 1. The housing return–inflation
relation increases further after the late 1960s and peaks in the early 2010s with being
a perfect hedge (β̂H ≈ 1). Afterward, the relationship declines but remains positive.

The 10-year moving average plot evolves similarly to the within-1-year plot. Both
assets do not hedge against inflation at the beginning of the sample but the relation
increase. The increase in the equity return–inflation relation is less strong, but also
the drop during the 1970s is less severe. The equity hedging ability in the medium
run improves from the 1980s on and peaks at β̂H ≈ 2 in the mid-2010s. The housing
return–inflation relation increases the whole time and is an excessive hedge at the end.
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Fig. 4 Linear and quadratic regressions with bivariate histograms

3.3 Nonlinearities in inflation

To examine nonlinear behavior within the inflation rate, I plot a bivariate histogram
(within the 0.05 and 0.95 percentile) in Fig. 4. Additionally, I plot the regression
line from the results following Table 3, and the results from a regression where I
added a quadratic term (π2

i t+1−τ ) to Eq. 1. Panels (a) and (b) show the within-1-
year specification for housing and equity, respectively, and panels (c) and (d) for the
within-10-years specification. Especially in the short run, the explanatory content of
the quadratic term is small as the adjusted R-squared increases only slightly. Note also
that in the medium run, the increase in the explanatory power by adding the quadratic
term in the equity return–inflation relation lies in π̄t ∈ [0; 0.05] where most of the
data is dense, the fit decreases outside the 0.05 and 0.95 percentile in comparison to
the linear specification.
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Table 5 Yields and price gains decomposition

M x β̂
p
x σ̂

p
βx

β̂
y
x σ̂

y
βx

P
β
p
x =β

y
x

R2,p
adj,x R2,y

adj,x P p
βH=βE

Py
βH=βE

NT

1 H 0.44 0.08 0.28 0.1 0.01 0.12 0.08 0.03 0.06 1758

E 0.14 0.16 0.05 0.17 0.38 0 0

10 H 0.72 0.08 0.62 0.09 0.01 0.43 0.32 0 0 1484

E 0.34 0.14 0.29 0.1 0.38 0.05 0.02

M : moving average periods, x ∈ {H = Housing, E = Equity}, j ∈ {y = Yield, p = Price gain}
β̂
j
x : Parameter estimates of Eq. (1) with ri xt+1 = r ji xt+1, σ̂

j
βx

: standard deviation of β̂
j
x , Pβ

y
x =β

p
x

p

value of the test H0 : β
y
x = β

p
x , R

2 j
adj,i : adjusted coefficients of determination, P j

βH=βE
: p value of

the test H0 : β
j
H = β

j
E , NT: Number of data points. σ̂

j
βx

are cross-correlation, heteroskedasticity, and
autocorrelation consistent by allying Driscoll and Kraay’s (1998) extension of the Newey–West estimator
(Lags = (4T /100)2/9)

3.4 Differences in yields and price gains

To decompose the returns–inflation relation into yield and price fractions, I use the
model Eq. (1) but now r j

i xt represents the relative change of the price ( j = p) or the
yield ( j = y) of the assets.

Table 5 presents the results. The table reads similar to Table 4. The rows represent
again the assets x ∈ {H , E} for the time horizons M ∈ {1, 10}. The columns present
the point estimates of the price–inflation and yield–inflation relations (β̂ p

x and β̂
y
x ) and

the corresponding standard deviations (σ̂ p
βx

and σ̂
y
βx
). The column Pβ

p
x =β

y
x
presents the

p values of the hypothesis that the yield and price–inflation relation are equal. The
remaining columns display as previously, the adjusted coefficients of determination,
now for the yield and price regression separately (R2,p

adj,x and R2,y
adj,x ), the p value of

the hypothesis H0 : βH = βE (PβH=βE ), again for the price and yield regression
separately, and the number of data points (NT ).

Both, the inflation relation with house prices and yields β̂
j
H ± 2σ̂ j

βH
-confidence

intervals of the estimates neither include the zero nor the one for both time horizons.
For equity this only holds for the 10-year horizon, within 1 year, the confidence
intervals for both prices and yields include the zero. The asset price–inflation relation is
higher than the yield–inflation relation, albeit, only statistically significant concerning
housing. Similarly, the adjusted R-squares of the price regressions are higher. Yet,
the adjusted R-squares for both asset regressions are ±0.01 in comparison to the
benchmark R-squares. Finally, except for the yield–inflation relation estimates within
1 year, the null must be rejected on a 5% significance level that the yield or the price
part of the return of both assets keeps pace with inflation to the same extent. The
yield–inflation relation p value of the hypothesis within 1 year is 0.06.

3.5 Country level

The regression to estimate the return–inflation relation on the country level reads
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Table 6 Hedging within 1 year

β̂H σ̂βH R2
adj,H β̂E σ̂βE R2

adj,E PβH=βE T

AUS 1.03 0.27 0.1 −0.11 0.4 −0.03 0.01 119

BEL 0.15 0.11 0.04 0.4 0.26 0.05 0.27 118

DNK 0.52 0.11 0.14 0.66 0.3 0.03 0.38 144

FIN 0.54 0.22 0.03 −0.63 0.4 −0.01 0 96

FRA 0.35 0.1 0.14 −0.11 0.14 −0.02 0 149

DEU 0.93 0.33 0.05 −0.12 0.79 −0.03 0.09 115

ITA 1.08 0.27 0.43 −0.25 0.38 −0.03 0 84

JPN 0.74 0.28 0.17 0.04 0.27 −0.04 0.02 73

NLD 0.86 0.23 0.13 0.62 0.57 −0.01 0.25 120

NOR 0.38 0.1 0.07 0.25 0.23 −0.02 0.22 139

PRT 0.76 0.16 0.35 −0.29 0.64 −0.04 0.03 72

ESP 0.65 0.11 0.13 0.03 0.26 −0.03 0.02 119

SWE 0.22 0.1 0.01 0.09 0.4 −0.02 0.28 137

CHE 0.26 0.13 0.03 −0.2 0.26 −0.02 0.07 118

GBR 0.63 0.18 0.11 0.61 0.6 0 0.33 117

USA 0.61 0.21 0.09 −0.45 0.47 −0.01 0 129

GME 0.61 0.28 – 0.03 0.37 − 0.11 –

POLS 0.45 0.08 0.11 0.12 0.17 0 0.03 1849

β̂x : Parameter estimates of Eq. (3) with M=1, σ̂βx : standard deviation of β̂x , R2
adjx : adjusted coefficients

of determination, PβH=βE : p value of the test H0 : βH = βE against βH �= βE , T: Number of data
points. σ̂βx are heteroskedasticity and autocorrelation consistent by allying the Newey–West estimator

(Lags = (4T /100)2/9) for OLS and consistent for weakly cross-correlated estimators θ̂i for GME, and are
cross-correlation, heteroskedasticity, and autocorrelation consistent by allying Driscoll and Kraay’s (1998)
extension of the Newey–West estimator (Lags = (4T /100)2/9) for POLS

1

M

M∑

τ=1

rixt+τ =αi x + βi x
1

M

M∑

τ=1

πi t+τ + eixt+1, .... (3)

Note that the only difference to Eq. (1) is the country-specific estimator θ̂i . I apply
ordinary least squares (OLS) for the estimation. The variance–covariance estimates of
the OLS estimators are heteroskedasticity and autocorrelation consistent by applying
the Newey–West estimator with (4T /100)2/9 lags. Pesaran and Smith (1995) report
that pooling gives potentially misleading estimates in the dynamic case, while the
group mean estimator (GME) (θ̂GME = (1/N )

∑N
i θ̂i ) is consistent. Therefore, to

apply a common estimator for all models, i.e., including the cointegration analyses
and VECMs below, I report here also the GME results. Chudik and Pesaran (2019)
show that �̂GME = (1/(N−1))

∑N
i (θ̂i−θ̂GME )(θ̂i−θ̂GME )′ is a consistent estimator

of the variance–covariance matrix of the GME, even if the individual estimators θ̂i are
weakly cross-correlated. POLS estimates are presented for reference only.

Table 6 presents the within-1-year point estimates of the parameters βi x of Eq.
(3) (β̂x ), the standard deviations of the estimators β̂i x (σ̂βx ), the adjusted R-squared
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Table 7 Hedging within 10 years

β̂H σ̂βH R2
adj,H β̂E σ̂βE R2

adj,E PβH=βE T

AUS 1.39 0.13 0.72 0.41 0.22 0.08 0 109

BEL 0.33 0.1 0.25 0.28 0.16 0.06 0.26 99

DNK 0.76 0.09 0.42 1.01 0.16 0.39 0.32 134

FIN 1.29 0.27 0.3 0.08 0.44 −0.04 0 71

FRA 0.57 0.06 0.35 0.11 0.11 −0.01 0 139

DEU −0.17 0.22 −0.02 0.6 0.41 0.03 0.26 87

ITA 1.37 0.15 0.81 0.55 0.45 0.02 0.07 65

JPN 1.83 0.21 0.75 1.39 0.24 0.39 0.01 54

NLD 1.32 0.16 0.46 0.6 0.34 0.03 0.02 110

NOR 0.63 0.12 0.34 0.41 0.24 0.04 0.1 129

PRT 0.95 0.09 0.82 0.47 0.41 0.05 0.07 62

ESP 0.68 0.13 0.36 0.1 0.26 −0.02 0.01 109

SWE 0.51 0.13 0.24 0.61 0.41 0.06 0.37 127

CHE 0.25 0.09 0.07 −0.32 0.27 0 0.01 108

GBR 1.03 0.14 0.56 1.01 0.26 0.3 0.33 98

USA 1.01 0.13 0.61 0.05 0.22 −0.03 0 119

GME 0.86 0.5 – 0.46 0.41 − 0.17 –

POLS 0.74 0.07 0.42 0.36 0.15 0.06 0 1620

β̂x : Parameter estimates of Eq. (3) with M=10, σ̂βx : standard deviation of β̂x , R2
adjx : adjusted coefficients

of determination, PβH=βE : p value of the test H0 : βH = βE against βH �= βE , T: Number of data
points. σ̂βx are heteroskedasticity and autocorrelation consistent by allying the Newey–West estimator

(Lags = (4T /100)2/9) for OLS and consistent for weakly cross-correlated estimators θ̂i for GME, and are
cross-correlation, heteroskedasticity, and autocorrelation consistent by allying Driscoll and Kraay’s (1998)
extension of the Newey–West estimator (Lags = (4T /100)2/9) for POLS

(R2
adj,H ), both for the housing and equity regression. The remaining columns are the p

value of the hypothesis H0 : βH = βE (PβH=βE ), and the number of data points (T).
Table 7 displays the same for the 10-year horizon.

Concerning the return on housing, it turns out that the β̂H ± 2σ̂βH -confidence
intervals of the estimates do not include the zero for all countries, except for Belgium
and barely for Switzerland. The interval of seven countries as well as of the GME
includes the one. Concerning the return on equity, it turns out that the β̂E ± 2σ̂βE -
confidence intervals of the estimates all include the zero, except for Denmark, which
includes the one. For half of the countries and the POLS estimation, the null must be
rejected on a 5% level that both investment types hedge against inflation to the same
extent. Both R-squares are small, and the one concerning equity tends to be smaller.

The point estimates of the 10-year moving average return–inflation relation (β̂x )
of both return rates increase once again in comparison to the short run. The adjusted
R-squared of the return on housing regression is greater than 0.7 in Australia, Italy,
Japan, and Portugal. Over the 10-year horizon, the return rate of housing in Germany
is an outlier with a negative point estimation for the inflation relationship. Similarly,
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Switzerland is the only country with a negative point estimate of the return rate of
equity. The β̂x ± 2σ̂βx -confidence intervals include the zero for the negative point
estimates for Germany and Switzerland.

4 Hedging in the long run

4.1 Estimation strategy

The procedure for the long run differs from the short and medium one. The focus
is on testing for cointegration. Therefore, I first verified above that the asset indices
P Iix , x ∈ {H , E, H p, E p, Hy}, i ∈ {ISO}, and the CPIs (CP Ii ) are integrated of
first-order (I (1)). The superindices p and y represent the pure price and yield indices.
The dividend indices (equity yields) in total are not I (1), and thus, tests for a coin-
tegrated relationship with the CPIs are misleading. I apply two procedures to the
probably integrated time series. In the first procedure, the cointegration relationship
is unity by assumption, in the second one, the magnitude of the relationship has to be
estimated. Figure1 qualifies for three specifications in presence of a cointegrated rela-
tionship i) a one-by-one relationship with trend, ii) an excessive relationship without
trend, and iii) an arbitrary relationship with trend.

Assuming a one-by-one relationship, I follow Hamilton (1994, Chapter 19.2) and
execute an Augmented Dicky–Fuller (ADF) test for the series of the differences of
P Iix and CP Ii by using the model

ln
(

P Iixt
C P Iit

)
= αi x + δi x t + φi x ln

(
P Iixt−1
CPit−1

)
+

Li∑

j=1

β j i x� ln
(

P Iixt− j
C P Iit− j

)

+ eixt , . . . , Li ∈ {0, 12}, (4)

where � is the difference operator, δi x a deterministic trend, and φi x the AR(1) coef-
ficient.

To estimate the magnitude of the relationship, I execute an Engle–Granger cointe-
gration test using the following model:

ln(P Iixt ) = αi x + δ̄i x t + βi x ln(CP Iix ) + eixt , δ̄i xt ∈ {0, δi x }, (5)

eixt = φi x ei xt−1 +
Li∑

j=1

β j i x�eixt− j + uixt . (6)

Both approaches will be to test the null hypothesis that there is no cointegration,
H0 : φi x = 1 under the alternative hypothesis |φi x | < 1. I report the p values from
t1i = (φ̂i x − 1)/σ̂φi x and t2i = Ti (φ̂i x − 1) ADF statistics.

The panel structure for parameter estimation is used by applying the GME, as the
POLS estimator is inconsistent in the dynamic case (see Pesaran and Smith 1995). The
panel cointegration tests also apply to the null hypothesis that there is no cointegration
(H0 : φi x = 1 for all i). There are two alternative hypotheses, one for individual (group
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Table 8 Perfect hedge

Housing Equity
t1 t2 δ̂ φ̂ L t1 t2 δ̂ φ̂ L

AUS 0.28 0.43 0.55 0.91 0 0.17 0.25 0.55 0.91 0

BEL 0.64 0.09 0.52 0.93 1 0.67 0.63 0.16 0.95 0

DNK 0.93 0.84 0.13 0.98 1 0.43 0.38 0.42 0.92 0

FIN 0.6 0.67 0.64 0.92 7 0.05 0.01 1.96 0.75 1

FRA 0.69 0.71 0.1 0.98 1 0.77 0.74 −0.03 0.97 1

DEU 0.01 0 0.59 0.85 2 0.21 0.16 0.35 0.9 0

ITA 0.8 0.42 0.45 0.91 2 0.04 0.05 0.2 0.86 0

JPN 0.51 0.86 0.08 0.96 2 0.09 0.43 0.38 0.88 3

NLD 0.79 0.81 0.17 0.98 2 0.48 0.57 0.41 0.93 0

NOR 0.77 0.79 0.26 0.96 0 0.65 0.58 0.22 0.94 0

PRT 0.47 0.41 0.54 0.9 1 0.09 0.08 −0.02 0.92 1

ESP 0.38 0.37 0.47 0.9 0 0.15 0.08 0.36 0.9 1

SWE 0.17 0.14 0.58 0.92 1 0.8 0.75 0.21 0.97 1

CHE 0.02 0 0.61 0.88 1 0.29 0.27 0.55 0.89 0

GBR 0.01 0 1.3 0.8 1 0.41 0.38 0.38 0.92 0

USA 0.05 0.05 0.87 0.84 0 0.03 0.02 1.04 0.84 0

GME 0.28 0.60 0.49 0.92 – 0.04 0.18 0.44 0.90 –

GMEp 0.03 0.42 0.12 0.31 – 0.45 0.67 0.11 0.91 –

GMEy 0.00 0.61 0.05 0.92 – – – – – –

GME≥1950 0.37 0.04 0.65 0.89 – 0.00 0.00 0.97 0.83 –

GMEp
≥1950 0.00 0.00 0.22 0.88 – 0.05 0.02 0.40 0.85 –

GMEy
≥1950 0.00 0.02 0.06 0.91 – – – – – –

t1 for I SO: Left-hand tail p value of (φ̂i x − 1)/σ̂φi x , for GME : p value from the Im, Pesaran, and Shin

test, t2 for I SO: Left-hand tail p value of T (φ̂i x − 1), for GME : p value from the Levin, Lin, and Chu test.
Variables with hats are estimates from Eq. (4) or are GMEs of them. The lag L selection rests on Bayesian
information criterion with maximal 12 lags

mean) AR coefficients, (H1 : |φi x | < 1 for all i) and one for a common (pooled) AR
coefficient (H1 : |φi x | = |φx | < 1 for all i). The known-by-assumption relationship
tests are the Im, Pesaran, and Shin and the Levin, Lin, and Chu test, respectively.
Pedroni’s (2004) Group and Panel ADF test apply to test the cointegration of the
estimated relationship.7 Additionally, to the full sample results of the return rates, I
also report for the post-1950 periods (subindex ≥ 1950).8

7 According to Pedroni (2019), the GME is far more common.
8 As a lot of data are missing in the pre-1950 period, I do not the exercise for this period.
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Table 9 Non-perfect hedge without trend component

Housing Equity
t1 t2 β̂ φ̂ L t1 t2 β̂ φ̂ L

AUS 0.54 0.61 2.37 0.94 0 0.26 0.68 2.66 0.97 1

BEL 0.14 0.1 3.75 0.93 1 0.54 0.47 1.5 0.95 1

DNK 0.28 0.54 3.03 0.97 1 0.05 0.19 2.44 0.92 1

FIN 0.76 0.59 2.69 0.96 6 0.4 0.29 2.42 0.89 1

FRA 0.4 0.4 1.78 0.98 1 0.68 0.63 0.8 0.97 1

DEU 0.41 0.17 2.5 0.94 1 0.84 0.8 1.07 0.97 0

ITA 0.29 0.26 1.85 0.91 2 0.07 0.09 1.16 0.89 0

JPN 0.17 0.05 2.56 0.92 1 0.08 0.09 2.62 0.83 1

NLD 0.04 0.17 3.36 0.95 1 0.52 0.51 2.52 0.93 0

NOR 0.12 0.26 2.97 0.95 1 0.56 0.55 1.81 0.94 0

PRT 0.58 0.53 1.61 0.95 2 0.06 0.06 0.97 0.91 1

ESP 0.37 0.35 1.71 0.93 1 0.26 0.14 1.49 0.93 1

SWE 0.12 0.11 3 0.95 1 0.21 0.13 2.55 0.93 1

CHE 0.06 0.02 3.02 0.94 1 0.21 0.1 2.9 0.91 1

GBR 0.58 0.48 2.18 0.95 2 0.12 0.16 2.28 0.92 1

USA 0.06 0.25 2.78 0.93 1 0.13 0.52 3.35 0.94 0

GME 0.01 0.01 2.57 0.94 – 0.26 1.00 2.03 0.93 –

GMEp 0.00 0.07 1.25 0.91 – 0.08 0.03 1.21 0.91 –

GMEy 0.00 0.04 1.21 .0.93 – – – – – –

GME≥1950 0.49 0.32 2.48 0.95 – 0.65 0.25 2.18 0.90 –

GMEp
≥1950 0.01 0.01 1.42 0.92 – 0.33 0.21 1.50 0.88 –

GMEy
≥1950 0.00 0.00 1.26 0.92 – – – – – –

t1 for I SO: Left-hand tail p value of (φ̂i x −1)/σ̂φi x , for GME : p value from Pedroni’s (2004) Group ADF

test, t2 for I SO: Left-hand tail p value of T (φ̂i x − 1), for GME : p value from the Pedroni’s (2004) Panel
ADF test. Variables with hats are estimates from Eqs. (5) and (6) or are GMEs of them. The lag L selection
rests on Bayesian information criterion with maximal 12 lags

4.2 Results

Table 8 presents the full periods p values of the hypothesis that there is no one-by-one
cointegration between nominal return rates and inflation, and, additionally, estimates
of the key parameters of Eq. (4). Tables 9 and 10 report the same for Eqs. (5) and (6)
without and with trend, respectively. The tables present the country-level results for
the performance indices as well as the GMEs for the performance indices, asset price
indices, and rental indices and all those indices for the post-1950 sample. Appendix
B lists the country-level results for prices, yields, and the post-1950 sample.

The results in Table 8 show that in the case of perfect hedges, the hypothesis that
there is no cointegration can only be rejected for housing for Germany, Switzerland,
Great Britain, and theUSAat the 5% level and for equity only for theUSA.Concerning
the whole panel, the hypothesis of an unit root for the whole sample cannot be rejected
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Table 10 Non-perfect hedge with trend component

Housing Equity
t1 t2 δ̂ β̂ φ̂ L t1 t2 δ̂ β̂ φ̂ L

AUS 0.09 0.09 3.77 1.52 0.81 0 0 0 8.78 0.33 0.75 0

BEL 0.95 0.5 8.61 0.64 0.95 1 0.47 0.5 6.52 0.18 0.91 0

DNK 0.98 0.94 9.14 0.62 0.98 1 0.56 0.53 4.83 1.15 0.92 0

FIN 0.59 0.04 7.65 1.36 0.89 7 0.13 0.03 10.33 0.53 0.75 1

FRA 0.85 0.86 5.81 1 0.98 1 0.66 0.64 5.97 0 0.93 0

DEU 0.04 0 4.36 0.92 0.86 2 0 0 5.49 0.92 0.69 0

ITA 0.33 0.04 3.58 1.31 0.82 2 0.07 0.06 3.86 0.7 0.83 0

JPN 0.04 0.03 1.93 2.04 0.86 1 0.18 0.27 0.95 2.39 0.83 1

NLD 0.05 0.03 4.77 1.76 0.9 1 0.65 0.7 2.88 1.69 0.92 0

NOR 0.74 0.8 6.37 1.22 0.95 0 0.82 0.75 3.53 0.89 0.94 0

PRT 0.66 0.61 6.48 0.9 0.9 1 0.01 0 5.89 0.15 0.81 1

ESP 0.55 0.58 4.92 1 0.9 0 0.2 0.15 6.59 0.54 0.89 1

SWE 0.27 0.21 7.18 1.1 0.92 1 0.63 0.55 2.62 1.81 0.94 1

CHE 0.06 0.02 6.48 0.45 0.87 1 0.4 0.46 6.27 0.4 0.89 0

GBR 0.03 0.01 6.35 1.02 0.8 1 0.36 0.38 3.75 1.33 0.9 0

USA 0.06 0.08 5.11 1.11 0.82 0 0.09 0.07 6.52 0.97 0.84 0

GME 0.03 0.74 5.78 1.12 0.89 – 0.00 0.00 5.3 0.88 0.86 –

GMEp 0.06 0.93 1.23 1.06 0.90 – 0.72 0.00 2.14 0.76 0.89 –

GMEy 0.00 0.13 0.68 1.08 0.93 – – – – – – –

GME≥1950 0.04 0.13 6.29 1.07 0.87 – 1.00 1.00 8.42 0.35 0.80 –

GMEp
≥1950 0.45 0.59 2.41 0.96 0.84 – 0.06 0.02 6.23 0.08 0.80 –

GMEy
≥1950 0.00 0.00 1.02 1.08 0.89 – – – – – – –

t1 for I SO: Left-hand tail p value of (φ̂i x −1)/σ̂φi x , for GME : p value from Pedroni’s (2004) Group ADF

test, t2 for I SO: Left-hand tail p value of T (φ̂i x − 1), for GME : p value from the Pedroni’s (2004) Panel
ADF test. Variables with hats are estimates from Eqs. (5) and (6) or are GMEs of them. The lag L selection
rests on Bayesian information criterion with maximal 12 lags

at the 5% level, neither for returns nor for prices or yields. However, the hypothesis
for the post-1950 time can be rejected at the 5% level for all panel tests made, except
the Im, Pesaran, and Shin for housing returns.

Dropping the assumption of a perfect hedge delivers further insights. First, regard-
ing the GME for the housing indices-CPI relationships without trend (Table 9), the
hypothesis for the whole sample that there is no cointegration can be rejected (returns
and yields at the 5% and prices at the 10% level) and housing provides an excessive
hedge. Similarly, the null hypothesis for equity prices at the 10% level can be rejected.
By assuming a trend (Table 10), the hypothesis of no cointegration between the HPI
and CPI for Germany, Switzerland, Great Britain, and the USA can be rejected at the
10% level. Housing hedges partially in Germany and Switzerland and excessively in
Great Britain and the USA. Concerning the EPI-CPI relationship, the no cointegration
hypothesis can be rejected for Australia, Germany, and Portugal as well as for the
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whole panel at the 5% level in the trend specification. Further, the hypothesis can be
for Italy, and the USA rejected at the 10% level. With a CPI increase by 1%, the EPI
increases by 0.84% on average ceteris paribus in the whole panel, by 0.33% in Aus-
tralia, 0.92% in Germany, 0.70% in Italy, 0.15% in Portugal and 0.97% in the USA.
Further, the group ADF test rejects the no cointegration hypothesis for the post-1950
housing returns with a relationship slightly above one. As a consequence, and due to
the rejection based on the Levin, Lin, and Chu test in the perfect hedge test, one can
claim that housing hedges against inflation nearly perfectly in the post-1950 period.

The summary of the long-time horizon reads as follows: the hypothesis of no coin-
tegrated relationships between the performance indices and the CPI can be rejected
in both samples at the 5% level in general. In the whole sample, the no cointegra-
tion hypothesis can only be rejected assuming imperfect hedges, where housing is an
excessive and equity a partial hedge. However, in the post-1950 period, the no coin-
tegration hypothesis for all indices can be rejected (returns, prices, rents) assuming
perfect hedges, except the Im, Pesaran, and Shin for housing returns. Without this
assumption and estimating the magnitude of the nominal return–inflation relation it
turns out, housing is superior in hedging against inflation in the long run.

5 Dynamics

Up to this point, the results focus on the return–inflation relationship within different
discrete-time horizons, namely 1 year (short run), 5 and 10 years (both medium run),
as well as in the long run via cointegration testing. It turns out, the results depend on
the time horizon. To illustrate this time dependency and additionally the transmissions,
I estimate VECMs according to:

[
� ln(CP Iit )
� ln(P Iixt )

]
=

[
c0iπx

c0i x

]
+

Li∑

j=1

Bi x j,2×2

[
� ln(CP Iit− j )

� ln(P Iixt− j )

]
+

[
αiπx

αi x

]

× (
ln(P Iixt ) − αi x + δ̄i x t + β̄i x ln(CP Iixt )

)

+ νi xt , . . . , β̄i x ∈ {1, βi x }. (7)

The choice of the country-specific long-run relationships β̄i x , trend δ̄i x , and the
number of lags depends on the group cointegration test results. In the full sample,
the country-specific long-run relationships, trend, and lag length are from Table 9 and
Eq. (5) for all housing indices and equity prices and from Table 10 for the equity
performance index. In the post-1950 period, the assumption of a perfect hedge holds
throughout the whole panel for all indices except for the housing performance index
and equity yield index. Given the assumption of a perfect hedge holds, the long-
run parameters and the lag structure follow Table 8 and Eq. (4). For the housing
performance index, the long-run parameters and the lag structure are from Table 10,
whereas for the equity yields, no long-run relationship is assumed at all, both for the
full and the post-1950 sample. Thus, I assume, the dynamics follow a VAR(1).

123



2604 D. Fehrle

Fig. 5 Generalized IRFs of VECMs

The short-run dynamics estimation is also country-specific. To use the panel struc-
ture, the GME applies, as Rebucci (2010) and Canova and Ciccarelli (2013) suggest.9

Figure5 plots generalized IRFs of the GME VECMs. Note two points. First, the
full sample estimate excludes German data as the hyperinflation (1923) is an extreme
outlier and thus, would dominate the results.10 Second, neither the assets (housing
and equity) nor the differences in their components (prices, yields, and total returns)
are one-by-one comparable due to different data availability. Consequently, also the
inflation dynamic differs from panel to panel.

The IRF of the HPI and EPI to an inflation shock is plotted in panels (a) and (b) of
Fig. 5 for the full sample with straight lines and dashed for the post-1950 period. The

9 I am not aware of any suitable methodology for constructing confidence intervals for GME-VECM IRFs.
10 While the dynamic looks similar the initial shock is larger by far.
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same applies to panels (c) and (d) for asset prices and panels (e) and (f) for yields.
The dynamics match the discrete-time horizon estimates. Concerning the full sample,
housing hedges in the short run partly and the HPI intersects the CPI approximately
after 10 years. Equity is not a hedge against inflation shocks in the short run and the
transition ends approximately after 15 years. In the post-1950 period, housing is a good
hedge even in the short run. Equity tends to be a hazard in the short run post-1950,
after 15 years the negative effect of the inflation shock vanishes, and after more than
30 years equity is a perfect hedge against inflation. The IRFs of the price and yield
decompositions are similar, except that the equity yield has no long-run relationship
with the CPI.

6 Robustness

The return on housing combines rental income and changes in house prices. Jordà
et al. (2019) reports the former relies on the rent components of the cost of living
of CPIs. This results potentially in a simultaneous causality bias for the short and
medium-term analysis, while the cointegration estimates are consistent, even in the
case of simultaneous causality. Two approaches address the problem in the short and
medium run. The first subtracts out the rent component from the CPI (non-housing
CPI), and the latter subtracts out yields from the asset return (asset price index).

6.1 Non-housing CPI

Interpreting the change of nominal rents as an equivalent to the housing costs compo-

nentπh
t of inflation, one can construct a non-housing inflation index byπ xh

t = πt−hπh
t

1−h ,
where h is the average weight of housing costs of the OECD.stats (2020) CPI of the
respective country.

The estimates of the results can be found in Tables 11, 12, 13, 14 and 15 and Figs. 6
and 7 in the Appendix. In the benchmark, the return on housing–inflation relations
decreases by 0.10−0.15, yet the β̂H ± 2σ̂βH intervals still do not include the zero.
Further, the hypothesis of an equal return–inflation relationship of both housing and
equity can be rejected at the 5% level. Hence, housing is evidently superior in hedging
against inflation even when the housing inflation component, which housing hedges
perfectly by definition, is subtracted from the CPI. It is worth mentioning that the R2

adj
for housing in the medium run remains high. Qualitatively, the robustness applies to
all results in Tables 11, 12, 13, 14 and 15 and Figs. 6 and 7.

6.2 Asset price indices

Using asset price indices rules out the simultaneous causality of housing costs and
CPI from two perspectives. First, new house prices compose the costs of new land and
construction, both are not included in the CPI.11 Second, asset prices are not a direct

11 According to Jordà et al. (2019), the database’s imputed rents are based on observed market rents and
not on a user cost approach.
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component of CPIs and rely fundamentally on claims on future rents and thus, also
affect the contemporaneous CPI neither directly nor indirectly.

Neither in the short- and medium-run analysis (Table 5) nor in the cointegration
analysis andVECM, the house prices–inflation relation is lower than the housing rents–
inflation relation. In cases where the relations were not similar, the price–inflation
relation was higher than the rent–inflation relation. Thus, the results are not driven by
a potential rental-rate-induced simultaneous causality bias.

7 Conclusion

As housing and equity are real assets or represent claims on them, theoretically they
should keep pace with inflation and should offer an ex-post hedge against general price
shocks. The present paper confronts this proposition with data from the JSTMacrohis-
tory Database and the study contributes thereby to the asset return–inflation literature.
The database covers housing and equity return rates and CPIs for 16 countries from
1870 to 2020. The assessment conducts for different time horizons, in fact, the short
and medium run (within 1 year and 5 and 10 years) and the long run (cointegration).
IRFs of VECMs illustrate the transmissions. Further, decompositions of the results
into different periods, prices and yields, and on the country level and, additionally, a
check for nonlinearity in inflation, provide deeper insights.

To summarize, housing hedges against inflation at least partly in the short run. In the
medium run, the relationship is higher in comparison to the short run and housing is a
perfect hedge in the post-1950 period. In the long run, housing is an excessive hedge
in the full sample and a perfect hedge in the post-1950 sample. The IRFs show that
the transition to the new equilibrium takes about 15 years. Equity does not provide
a hedge against inflation in the short run and in the post-1950 sample equity tends
actually to be a hazard. Noteworthy, during the time of the hyperinflation in Germany,
equity return rates kept pace instantaneously with inflation. In the medium run, the
equity return–inflation relationship estimates increase on average and also the POLS
compared to the short run. The equity return–inflation relationship also tends to be
smaller in the post-1950 period in the medium run. However, the latter reverses in the
long run, where equity hedges on average 84% against inflation in the full sample and
perfectly in the post-1950 sample. The IRFs of EPIs to an inflation shock visualize the
time needed to reach the new equilibrium and is longer than of HPIs in the post-1950
period and similar in the whole sample. Based on POLS estimation, the hypothesis
that equity and housing are equally good inflation hedges in the short and medium
run must be rejected at the 5% level. Thus, in the short and medium run housing is
a superior hedge against inflation in comparison to equity and a weak superiority in
the long run. Lastly, it is important to note that inflation accounts for a large fraction
of the variation of the return on housing in the medium run, e.g., the coefficient of
determination of the housing return–inflation relation is 0.42 in the 10-year moving
average POLS regression in comparison to 0.06 of the coefficient of determination of
the equity return–inflation relation.

The findings concerning equity confirm previous findings; concerning housing,
they set a benchmark for future studies. The results are robust to a potential rent-
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induced simultaneous causality bias as they are also valid for pure price analyses and
a non-housing CPI, and the long-run estimates are consistent even in the presence of
a simultaneous causality.

Different characteristics between housing and equity, e.g., the close spatial ties
between housing operations and the respective currency area in contrast to the ability
of equity to operate internationally, provide explanatory approaches for future studies
to solve the ‘short-term stock-return inflation puzzle’.
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Table 11 Benchmark (CPIxH)
M x β̂x σ̂βx R2

adj,x PβH=βE NT

1 H 0.34 0.07 0.09 0.05 1849

E 0.11 0.15 0

5 H 0.47 0.09 0.21 0.03 1737

E 0.21 0.15 0.02

10 H 0.62 0.08 0.35 0 1620

E 0.28 0.14 0.04

M : moving average periods, x ∈ {H = Housing, E = Equity},
β̂i : Parameter estimates of Eq. (1), σ̂βx : standard deviation of β̂x ,
PβH=βE : p value of the test H0 : βH = βE against βH �= βE ,

R2
adj,i : adjusted coefficients of determination, NT: Number of data

points. σ̂βx are cross-correlation, heteroskedasticity, and autocorrela-
tion consistent by allying Driscoll and Kraay’s (1998) extension of the
Newey–West estimator (Lags = (4T /100)2/9)

Table 12 Pre- and post-1950 (CPIxH)

M x β̂<1950
x σ̂<1950

β̂x
β̂

≥1950
x σ̂

≥1950
β̂x

Pβ2x=0 R2
adj,x P<1950

βH=βE
P≥1950
βH=βE

NT

1 H 0.26 0.05 0.71 0.1 0 0.12 0.22 0 1849

E 0.18 0.16 −0.28 0.35 0.1 0.02

10 H 0.39 0.06 0.81 0.08 0 0.45 0.05 0 1620

E 0.23 0.12 0.22 0.22 0.33 0.15

M : moving average periods, x ∈ {H = Housing, E = Equity}, β̂x : Parameter estimates of Eq. (2),
σ̂βx : standard deviation of β̂2x , Pβ2x=0 p value of the test H0 : βx = 0, R2

adj,x : adjusted coefficients

of determination, PβH=βE : p value of the test H0 : βH = βE , NT: Number of data points. σ̂βx are
cross-correlation, heteroskedasticity, and autocorrelation consistent by allying Driscoll and Kraay’s (1998)
extension of the Newey–West estimator (Lags = (4T /100)2/9)

Table 13 Yields and price gains decomposition (CPIxH)

M x β̂
y
x σ̂

y
β̂x

β̂
p
x σ̂

p
β̂x

P
β
y
x =β

p
x

R2,y
adj,x R2,p

adj,x P y
βH=βE

P p
βH=βE

NT

1 H 0.12 0.07 0.33 0.07 0 0.02 0.09 0.13 0.05 1758

E −0.02 0.14 0.12 0.14 0.35 0 0

10 H 0.44 0.09 0.59 0.09 0 0.19 0.34 0.01 0 1484

E 0.23 0.09 0.26 0.13 0.37 0.01 0.03

M : moving average periods, x ∈ {H = Housing, E = Equity}, j ∈ {y = Yield, p = Price gain}
β̂
j
x : Parameter estimates of Eq. (1) with ri xt+1 = r ji xt+1, σ̂

j
βx

: standard deviation of β̂
j
x , Pβ

y
x =β

p
x

p

value of the test H0 : β
y
x = β

p
x , R

2 j
adj,i : adjusted coefficients of determination, P j

βH=βE
: p value of

the test H0 : β
j
H = β

j
E , NT: Number of data points. σ̂

j
βx

are cross-correlation, heteroskedasticity, and
autocorrelation consistent by allying Driscoll and Kraay’s (1998) extension of the Newey–West estimator
(Lags = (4T /100)2/9)
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Table 14 Hedging within 1 year (CPIxH)

β̂H σ̂βH R2
adj,H β̂E σ̂βE R2

adj,E PβH=βE T

AUS 1.07 0.34 0.13 − 0.09 0.37 − 0.03 0.01 119

BEL 0.12 0.09 0.04 0.34 0.22 0.05 0.25 118

DNK 0.37 0.09 0.12 0.51 0.22 0.03 0.38 144

FIN 0.32 0.18 −0.01 − 0.52 0.35 − 0.01 0.01 96

FRA 0.27 0.09 0.09 − 0.09 0.13 − 0.02 0.01 149

DEU 0.41 0.31 −0.01 − 0.31 0.95 − 0.02 0.15 115

ITA 0.99 0.25 0.41 − 0.31 0.33 − 0.03 0 84

JPN 0.49 0.22 0.08 − 0.01 0.22 − 0.04 0.05 73

NLD 0.69 0.18 0.12 0.49 0.49 − 0.01 0.25 120

NOR 0.3 0.09 0.05 0.23 0.2 − 0.02 0.27 139

PRT 0.7 0.16 0.34 − 0.35 0.57 − 0.03 0.02 72

ESP 0.56 0.1 0.11 0.04 0.23 − 0.03 0.03 119

SWE 0.15 0.08 0 0.13 0.33 − 0.02 0.33 137

CHE 0.19 0.11 0.02 − 0.18 0.21 − 0.02 0.08 118

GBR 0.44 0.15 0.07 0.34 0.48 − 0.01 0.31 117

USA 0.44 0.16 0.07 − 0.32 0.33 − 0.01 0 129

GME 0.47 0.27 – − 0.01 0.31 − 0.12 –

POLS 0.34 0.07 0.09 0.11 0.15 0 0.05 1849

α̂x , β̂x : Parameter estimates of Eq. (3), σ̂βx : standard deviation of β̂x , PβH=βE : p value of the test

H0 : βH = βE against βH �= βE , R
2
x : coefficients of determination, T: Number of data points. σ̂βx are het-

eroskedasticity and autocorrelation consistent by allying the Newey–West estimator (Lags = (4T /100)2/9)
for OLS and POLS and consistent for weakly cross-correlated estimators θ̂i for GME
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Table 15 Hedging within 10 years (CPIxH)

β̂H σ̂βH R2
adj,H β̂E σ̂βE R2

adj,E PβH=βE T

AUS 1.36 0.11 0.74 0.31 0.21 0.04 0 109

BEL 0.25 0.08 0.19 0.22 0.14 0.05 0.3 99

DNK 0.64 0.08 0.38 0.87 0.14 0.38 0.3 134

FIN 0.81 0.3 0.12 0.11 0.36 − 0.04 0.04 71

FRA 0.46 0.07 0.26 0.1 0.1 − 0.01 0 139

DEU − 0.18 0.19 − 0.02 0.5 0.38 0.01 0.26 87

ITA 1.34 0.14 0.82 0.39 0.44 − 0.01 0.04 65

JPN 1.61 0.22 0.58 1.26 0.28 0.32 0.01 54

NLD 1.02 0.14 0.4 0.46 0.3 0.02 0.02 110

NOR 0.52 0.12 0.27 0.35 0.22 0.03 0.13 129

PRT 0.91 0.09 0.81 0.41 0.4 0.03 0.06 62

ESP 0.56 0.12 0.29 0.04 0.22 − 0.03 0.01 109

SWE 0.38 0.12 0.17 0.45 0.36 0.03 0.37 127

CHE 0.19 0.07 0.06 − 0.31 0.21 0.02 0 108

GBR 0.88 0.17 0.45 0.72 0.31 0.16 0.19 98

USA 0.89 0.16 0.54 − 0.16 0.21 − 0.02 0 119

GME 0.73 0.46 − 0.36 0.37 − 0.17 –

POLS 0.62 0.08 0.35 0.28 0.14 0.04 0 1620

α̂x , β̂x : Parameter estimates of Eq. (3), σ̂βx : standard deviation of β̂x , PβH=βE : p value of the test

H0 : βH = βE against βH �= βE , R
2
x : coefficients of determination, T: Number of data points. σ̂βx are het-

eroskedasticity and autocorrelation consistent by allying the Newey–West estimator (Lags = (4T /100)2/9)
for OLS and POLS and consistent for weakly cross-correlated estimators θ̂i for GME

Fig. 6 Rolling regressions
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Fig. 7 Linear and quadratic regressions with bivariate histograms

B Long-run cross-country

See Tables 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 and 30.

123



2612 D. Fehrle

Table 16 Perfect hedge (prices)

Housing Equity
t1 t2 δ̂ φ̂ L t1 t2 δ̂ φ̂ L

AUS 0.63 0.66 0.1 0.95 0 0.07 0.08 0.21 0.87 0

BEL 0.09 0.06 0.09 0.92 1 0.72 0.64 − 0.03 0.95 0

DNK 0.17 0.16 0.08 0.94 1 0.97 0.97 0.05 0.99 0

FIN 0.11 0.15 0.24 0.86 1 0.11 0.13 0.28 0.88 1

FRA 0.73 0.74 0.03 0.98 1 0.81 0.75 − 0.13 0.97 1

DEU 0.01 0.01 − 0.01 0.87 2 0.55 0.52 0 0.94 0

ITA 0.47 0.42 0.21 0.88 0 0.1 0.08 − 0.27 0.88 0

JPN 0.83 0.81 0.12 0.95 0 0.13 0.16 0.32 0.85 3

NLD 0.85 0.82 0.02 0.98 2 0.56 0.58 0.29 0.88 0

NOR 0.97 0.96 0.02 0.99 0 0.88 0.82 0.01 0.97 0

PRT 0.12 0.22 0.19 0.88 1 − − − − −
ESP 0.45 0.56 0.1 0.93 0 0.11 0.05 − 0.01 0.89 1

SWE 0.67 0.53 0.03 0.96 1 0.9 0.88 0.07 0.98 1

CHE 0.02 0.01 0.09 0.88 1 0.45 0.44 0.55 0.83 0

GBR 0 0.01 0.58 0.8 1 0.38 0.34 0.05 0.92 0

USA 0.08 0.05 0.08 0.84 0 0.28 0.2 0.21 0.9 0

GME 0.03 0.42 0.12 0.91 – 0.45 0.67 0.11 0.91 −
t1 for I SO: Left-hand tail p value of (φ̂i x − 1)/σ̂φi x , for GME : p value from the Im, Pesaran, and Shin

test, t2 for I SO: Left-hand tail p value of T (φ̂i x − 1), for GME : p value from the Levin, Lin, and Chu.
Variables with hats are estimates from Eq. (4). The lag L selection rests on Bayesian information criterion
with maximal 12 lags

Table 17 Perfect hedge (yields)

Housing Equity
t1 t2 δ̂ φ̂ L t1 t2 δ̂ φ̂ L

AUS 0.65 0.69 0.05 0.94 0 – – – – –

BEL 1 1 − 0.07 1 1 – – – – –

DNK 0.05 0.02 0.03 0.91 1 – – – – –

FIN 0 0.03 0.08 0.87 8 – – – – –

FRA 0.78 0.82 0.02 0.98 1 – – – – –

DEU 0.38 0.38 0.03 0.93 1 – – – – –

ITA 0 0.13 0.19 0.83 1 – – – – –

JPN 0 0.15 0.05 0.86 2 – – – – –
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Table 17 continued

Housing Equity
t1 t2 δ̂ φ̂ L t1 t2 δ̂ φ̂ L

NLD 0.28 0.2 0.03 0.96 1 – – – – –

NOR 0.56 0.41 0.02 0.96 4 – – – – –

PRT 0.36 0.25 0.07 0.92 1 – – – – –

ESP 0.48 0.46 0.01 0.95 1 – – – – –

SWE 0 0 0.04 0.87 1 – – – – –

CHE 0.01 0 0.05 0.93 1 – – – – –

GBR 0.88 0.77 0.1 0.95 3 – – – – –

USA 0.03 0.01 0.03 0.91 1 – – – – –

GME 0.00 0.61 0.05 0.92 – – – – – –

t1 for I SO: Left-hand tail p value of (φ̂i x − 1)/σ̂φi x , for GME : p value from the Im, Pesaran, and Shin

test, t2 for I SO: Left-hand tail p value of T (φ̂i x − 1), for GME : p value from the Levin, Lin, and Chu.
Variables with hats are estimates from Eq. (4). The lag L selection rests on Bayesian information criterion
with maximal 12 lags

Table 18 Perfect hedge (post-war)

Housing Equity
t1 t2 δ̂ φ̂ L t1 t2 δ̂ φ̂ L

AUS 0.16 0.01 1.59 0.76 1 0.04 0.04 1.79 0.7 0

BEL 0.64 0.09 0.52 0.93 1 0.49 0.5 0.75 0.87 0

DNK 0.4 0.44 0.43 0.92 1 0.07 0.07 1.99 0.73 0

FIN 0.88 0.82 0.42 0.94 4 0.05 0.01 1.96 0.75 1

FRA 0.06 0.65 0.19 0.96 1 0.87 0.87 0.25 0.94 0

DEU 0.01 0 0.59 0.85 2 0 0.06 1.47 0.72 0

ITA 0.98 0.96 0.11 0.97 0 0.62 0.65 0.19 0.9 0

JPN 0.51 0.86 0.08 0.96 2 0.14 0.6 0.32 0.89 0

NLD 0.19 0.06 0.65 0.91 1 0.57 0.58 0.78 0.88 0

NOR 0.09 0 1.87 0.79 5 0.52 0.59 0.68 0.88 0

PRT 0.45 0.37 0.54 0.9 1 0.3 0.17 − 0.26 0.87 1

ESP 0.79 0.79 0.32 0.92 0 0.4 0.3 0.5 0.89 1

SWE 0.74 0.57 0.54 0.93 5 0.22 0.22 1.69 0.81 0

CHE 0.33 0.18 0.45 0.91 1 0.29 0.25 1 0.81 0

GBR 0.01 0 1.35 0.79 1 0.16 0.12 1.51 0.77 0

USA 0.1 0 0.78 0.86 1 0.4 0.46 0.83 0.86 0

GME 0.37 0.04 0.65 0.89 – 0.00 0.00 0.97 0.83 –

t1 for I SO: Left-hand tail p value of (φ̂i x − 1)/σ̂φi x , for GME : p value from the Im, Pesaran, and Shin

test, t2 for I SO: Left-hand tail p value of T (φ̂i x − 1), for GME : p value from the Levin, Lin, and Chu.
Variables with hats are estimates from Eq. (4). The lag L selection rests on Bayesian information criterion
with maximal 12 lags
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