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Introduction

large price swings in energy and commodity markets

in September 2022, the year-on-year US inflation rose to 
8.2%

Central Banks attempting to curb the massive inflation

important to take a fresh look at real estate‘s inflation 
hedging capability

crucial for long-term institutional investors and individual 
investors
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Ideas from literature

Rent or lease payments (tenant leases contain rent 

escalation clauses and/or pass expense increases 

through to tenants) 

Land values and building costs typically rise with 

inflation. Empirical evidence for listed real estate is 

mixed

• Real estate can deliver an adequate inflation hedge: 
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Ideas from literature / contribution

the paper extends the 
literature in two ways: 

we allow for non-linear inflation 
hedging characteristics

the project compares the 
hedging characteristics across 
asset classes

a lack of conclusive evidence regarding the inflation 
hedging capabilities across different asset classes
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Ideas from literature

previous literature combines Fama and Schwert
(1977) framework and the cointegration technique 
→assume a stable relationship

most of the research in portfolio optimisation has 
been done within a mean-variance framework

using listed real estate (LRE) performance in the EU 
area, Lizieri et al. (2022) also show that the mean-
variance approach often yields extreme and 
unrealistic asset allocations to listed real estate
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Data and method

Time-series variables that are available monthly from 
1990 to the end of 2021

LRE total return indexes come from the European 
Public Real Estate Association (EPRA)

Stock total return indexes 
are obtained from Refinitiv 
Datastream: 

S&P 500 index for the US

FTSE 250 index for the UK

Nikkei 500 index for Japan

S&P/ASX 200 index for Australia
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Data and method

EPRA LRE Indexes for the US, the UK, Japan, and 

Australia

Price of gold, silver, and oil in US Dollars, along with 

the total return index of the S&P GSCI Agriculture

real three-month Treasury Bill rates

nominal GDP 
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Inflation decomposition

Decomposition of observed inflation (𝐼𝑡 ) into expected 

inflation (𝐸𝐼𝑡 ) and unexpected inflation (𝑈𝐼𝑡 ) (Fama 

and Schwert, 1977) 

we can define inflation based on the prior anticipated 

inflation rate, adjusted for differences between actual 

inflation and the prior expectation for each period

this leads to a univariate time series approach using 

Box-Jenkins / ARIMA (1,0,1) procedures to inflation:
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Markov-Switching Vector Error Correction Model (MS-

VECM)

following Beckman and Czudaj (2013), a MS-

VECM is used to examine the relationship 

between the price of assets and expected and 

unexpected inflation

the parameters of this model are designed to take 

a constant value in each regime and to shift 

discretely from one regime to the other with 

different switching probabilities
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Empirical Results – Long-term Hedging

Notes: US stands for United States of America, UK for United Kingdom, JPN for Japan. The analysis of the US, UK, and Japan is conducted by using an

unrestricted constant. rLRE,t-1 denotes the FTSE/EPRA/NAREIT real estate stock total return index. rstock,t-1 denotes for each country the corresponding total return of

the stock market index. roil,t-1 denotes the oil price in US Dollars. rgold,t-1 denotes the gold price in US Dollars. rsilver,t-1 denotes the silver price in US Dollars. Australia

is not reported because the rand of listed real estate, stocks, oil, gold, silver, agricultural, GDP, interest rate, expected and unexpected inflation in Australia is zero,

indicating that these variables are not co-integrated. ragri,t-1 denotes the total return index of S&P GSCI Agriculture. GDPt-1 stands for GDP of each country. irt-1 are

the 3-month treasury bill rates. EIt-1 and UIt-1 stand for expected and unexpected inflation, respectively. Rank denotes the rank of π matrix. Standard errors are

included in the parentheses. ***. **, * denotes significance level at 1%, 5% or 10%, respectively.
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Empirical Results – Short-term Hedging

 

  Short-term coefficients for Regime 1 and 2 Transition  

probability  

matrix P 

Country  Δ𝑟𝐿𝑅𝐸,𝑡−1 Δ𝑟𝑠𝑡𝑜𝑐𝑘 ,𝑡−1 Δ𝑟𝑜𝑖𝑙,𝑡−1 Δ𝑟𝑔𝑜𝑙𝑑,𝑡−1 Δ𝑟𝑠𝑖𝑙𝑣𝑒𝑟,𝑡−1 Δ𝑟𝑎𝑔𝑟𝑖 ,𝑡−1 Δ𝐺𝐷𝑃𝑡−1 Δ𝑖𝑟𝑡−1 ΔEI ΔUI ECT1 ECT2  Regime 1 Regime 2 

U.S. Regime 1 -0.015 

(0.070) 

0.064 

(0.073) 

-0.074** 

(0.028) 

-0.069 

(0.078) 

-0.012 

(0.051) 

-0.001 

(0.005) 

0.001 

(0.001) 

0.022 

(0.018) 

0.0231* 

(0.012) 

0.025* 

(0.013) 

0.006 

(0.008) 

0.009 

(0.011) 

Regime 

1 
0.951 0.183 

 Regime 2 -0.666*** 
(0.170) 

1.041*** 
(0.296) 

0.205** 
(0.097) 

0.456 
(0.411) 

-0.436** 
(0.222) 

0.291 
(0.200) 

0.011*** 
(0.004) 

-0.186*** 
(0.069) 

-0.010 
(0.035) 

-0.168** 
(0.067) 

0.033 
(0.026) 

-0.018 
(0.032) 

Regime 

2 
0.049 0.817 

UK Regime 1 -0.032 
(0.063) 

0.006 
(0.080) 

-0.001 
(0.001) 

-0.165*** 
(0.060) 

-0.001 
(0.012) 

0.146** 
(0.061) 

0.001 
(0.001) 

-0.024 
(0.019) 

0.018*** 
(0.006) 

-0.007 
(0.012) 

0.016*** 
(0.004) 

0.001 
(0.024) 

Regime 

1 

0.959 0.270 

 Regime 2 0.001 

(0.026) 

 

0.587** 

(0.296) 

0.002 

(0.006) 

0.435 

(0.349) 

-0.271 

(0.221) 

-1.125* 

(0.591) 

0.086** 

(0.036) 

0.004 

(0.087) 

-0.017 

(0.224) 

-0.122 

(0.083) 

-0.141** 

(0.070) 

0.236* 

(0.126) 

Regime 

2 

0.041 0.730 

JPN Regime 1 -0.315*** 

(0.077) 

0.288*** 

(0.087) 

-0.001 

(0.001) 

-0.707*** 

(0.100) 

0.211*** 

(0.055) 

0.099* 

(0.055) 

-0.004 

(0.0038) 

0.015 

(0.034) 

-0.030** 

(0.015) 

-0.056*** 

(0.015) 

0.013* 

(0.008) 

-0.043** 

(0.017) 

Regime 

1 

0.900 0.040 

 Regime 2 -0.203*** 

(0.054) 

0.947*** 

(0.095) 

0.002 

(0.002) 

0.311** 

(0.158) 

-0.145 

(0.090) 

0.086 

(0.088) 

0.004 

(0.005) 

-0.014 

(0.049) 

-0.011 

(0.021) 

0.021 

(0.024) 

-

0.044*** 
(0.013) 

-0.003 

(0.025) 

Regime 

2 

0.100 0.960 

AUS Regime 1 -0.125** 

(0.063) 

0.041 

(0.066) 

-0.002** 

(0.001) 

-0.0710 

(0.060) 

-0.008 

(0.034) 

-0.008 

(0.049) 

-0.002*** 

(0.001) 

-0.027* 

(0.015) 

0.014** 

(0.008) 

0.015 

(0.018) 

  Regime 

1 

0.990 0.106 

 

 

Regime 2 -0.689** 
(0.271) 

0.971* 
(0.553) 

0.003 
(0.006) 

0.663 
(0.768) 

-0.236 
(0.512) 

-1.726*** 
(0.472) 

-0.000 
(0.011) 

0.613*** 
(0.170) 

-0.129** 
(0.063) 

0.388 
(0.465) 

  Regime 

2 

0.010 0.894 

Notes: US stands for United States of America, UK for United Kingdom, JPN for Japan, and AU for Australia. We only report the equation for LRE returns. rLRE,t-1

denotes the FTSE/EPRA/NAREIT real estate stock total return index. rstock,t-1 denotes for each country the corresponding total return of the stock market index. roil,t-1

denotes the oil price in US Dollars. rgold,t-1 denotes the gold price in US Dollars. rsilver,t-1 denotes the silver price in US Dollars. ragri,t-1 denotes the total return index of

S&P GSCI Agriculture. GDPt-1 stands for GDP of each country. irt-1 are the 3-month treasury bill rates. EIt-1 and UIt-1 stand for expected and unexpected inflation,

respectively. ECT1, ECT2, and ECT3 are the coefficients of error correction terms. Regime 1 and 2 are reported. The transition matrix P reports the transition

probabilities of the stochastic process.
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Empirical Results – Short-term Hedging

U.S. Time-Varying Coefficient of EI
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Empirical Results – Short-term Hedging

U.S. Time-Varying Coefficient of UI
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Inflation Hedging Portfolios

we present optimal portfolios using the shortfall probability 

approach for the US, UK, Japan, and Australia for a target 

real return of 3% and an investment horizon of T (T = 2 

years, rebalancing every two years)

as expected, the weights for LRE vary over time

average percentages of the portfolios for the US, UK, 

Japan, and Australia over the entire period are 6.35%, 

19.21%, 16.02%, and 48.81%, respectively 

Highlighting benefits of holding LRE for investors
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Inflation Hedging Portfolios
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Inflation Hedging Portfolios
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Main Findings

LRE is a good hedge against inflation, but mainly 

against expected inlation and in the long term

short-term heging ability moves towards being 

negative during crisis periods

Inflation hedging ability of LRE also varies across 

countries

Inflation-hedging portfolios provide more realistic and 

less extreme allocations to listed real estate than 

when the standard mean-variance approach is used
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Further research planned

Extension of the time series

Capital gain and income return

testing alternative inflation measure
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Thank you for listening!

Jan Muckenhaupt

29th ERES Annual Conference 

London, 12.07.2023
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Appendix: Stationarity and cointegration

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test for 

stationarity

all series are I(1), indicating stationarity in first 

differences

using trace test to test for cointegration
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