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Abstract
We use a vector autoregressive model with functional shocks, capturing the shift of 
the entire term structure of interest rates on monetary policy announcement dates, to 
empirically evaluate the effects of conventional and unconventional monetary policy 
decisions on the Real Estate Investment Trusts (REITs) markets of the United States 
(US). Using 5-min interval intraday data, we analyze not only the impact on REITs 
returns, but also its realized variance (RV), realized jumps (RJ), realized skewness 
(RSK), and realized kurtosis (RKU) over the daily period of September 2008 to June 
2021. While the effects of conventional monetary policy shocks on the moments of 
REITs returns tend to conform with economic theories, the same is not necessar-
ily the case with unconventional monetary policy shocks. In addition, though mon-
etary policy shocks have the most persistent and strongest effects on RJ, the extreme 
behaviour of the REITs market is also observed through RSK and RKU. Moreover, 
when we look into 10 REITs sectors, there is indeed heterogeneity in terms of the 
strength of the effect, but not so much in terms of the sign of responses of the vari-
ous moments compared to the overall market. Our results have important implica-
tions for REITs market participants, given its exponential growth as an asset class.
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Introduction

Real Estate Investment Trusts (REITs) have grown substantially as an investment 
instrument in the United States (US). According to the Nareit1, in the first quarter 
of 2022, REITs of all types collectively own more than $3.5 trillion in gross real 
estate assets across the US, with stock-exchange listed REITs owning approximately 
$2.5 trillion in assets, and US listed REITs having an equity market capitalization of 
more than $1.35 trillion.2 Driven by its accessibility to various investors irrespective 
of their portfolio size and its utility for asset allocation and risk reduction, REITs 
provide an unique opportunity for investors to invest in real estate (Akinsomi et al., 
2016), with, according to the Nareit, 145 million Americans owning REITs through 
retirement savings and other investment plans. Furthermore, REITs returns do not 
suffer from issues of measurement errors and high transaction costs compared to 
other real estate investments and, hence provide a perfect high-frequency proxy for 
the overall real estate market. This is due to REITs earning most of their income 
from investments in real estate, being exchange-traded funds, and also since trading 
occurs as common stocks (Marfatia et al., 2017). Given these characteristics and the 
fact that the Global Financial Crisis (GFC) had its roots in the collapse of the US 
real estate sector, it is of paramount importance from the perspective of academics, 
investors, and policymakers to understand what factors drive the movements in the 
US REITs market.

Furthermore, note that, REITs are the primary traded real estate instrument inter-
nationally, including the US, and are structured like mutual funds to enhance their 
tax transparency in comparison to the conventional corporate sector. Dividend pay-
ments of the trust are tax exempt subject to two conditions: (i) A minimum of 75% 
of assets of a particular REITs must be invested in real estate; (ii) A minimum of 
90% of taxable income must be passed through to shareholders. Understandably, the 
constraints placed on REITs (in terms of assets and dividends) tie its performance 
very closely to that of the underlying property portfolio. Given this, an important 
issue here is that the private real estate market has a number of fundamental and 
well-documented linkages with movements in interest rates. For instance, inter-
est rate changes are likely to impact general economic activity, which in turn, will 
affect occupational demand in the real estate market. This will then cause changes 
in obtainable rental values and hence, income and REITs dividends. In addition, 
changes in interest rates will also cause changes in real estate yields, which will be 
followed by an additional impact on property values.

Naturally, a large literature exists that has analysed the effect of (conventional 
and unconventional) monetary policy decisions on REITs prices and/or returns (see 

1 Nareit® can be considered as representing worldwide REITs and listed real estate companies, with 
particular focus on the US.
2 https:// www. reit. com/, assessed on December 4, 2023.

https://www.reit.com/
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for example, the recent works of Gupta and Marfatia (2018), Gupta et  al. (2019), 
Caraiani et al. (2021), Marfatia et al. (2021), and references cited therein), and hence 
tends to dominate in terms of the large number of possible factors that can drive 
the REITs market (Çepni et  al., 2021; Ghysels et  al., 2013), which is understand-
able since monetary policy impact possibly all macroeconomic and financial vari-
ables (Bańbura et al., 2010; Bernanke & Boivin, 2003; Bernanke et al., 2005). This 
is not surprising, since traditionally, from a theoretical perspective, asset prices 
are determined based on the discounted cash flow model (Fisher, 1930; Williams, 
1938), whereby asset prices are equal to the present value of expected future net 
cash flows. In this regard, monetary policy is automatically linked to REITs prices 
by changing investors’ expectations about future cash flows associated with eco-
nomic activity and by affecting the cost of capital, i.e., the real interest rate, which is 
used to discount the future cash flows and/or the risk premium associated with hold-
ing stocks (Bernanke & Kuttner, 2005; Maio, 2014). However, these two channels 
are interlinked, given that a more restrictive monetary policy usually implies both 
higher discount rates and lower future cash flows. Thus, contractionary monetary 
policy should be related to lower REITs prices, given the higher discount rate for the 
expected stream of cash flows and/or lower future economic activity. On the other 
hand, expansionary monetary policy is commonly viewed as good news as these 
periods are usually associated with low interest rates, increases in economic activity 
and higher earnings for the REITs firms in the economy, and thus implying higher 
REITs prices.

Note that, in the wake of the GFC, the Federal Open Market Committee (FOMC) 
cut its key policy rate, the Federal funds rate (FFR), to near-zero levels (often 
referred to as the zero lower bound (ZLB) condition) in its meeting held on the 16th 
December, 2008. The ZLB led to the adoption of unconventional monetary pol-
icy tools namely, forward guidance (FG) and large-scale asset purchase programs 
(LSAP), to further support the economic recovery. FG was an explicit announce-
ment of the likely future path of the FFR, while LSAP involved the announcement of 
large-scale purchases of long-term US treasuries and mortgage-backed securities to 
lower long-term interest rates. In this regard, unconventional monetary policies are 
aimed to impact the REITs (and the general financial) market through the signalling 
and portfolio rebalancing channels, which in turn are both subsumed in the interest 
rate channel operating through the discounted cash flow model. The signaling chan-
nel operates by influencing investors’ expectations about the future path of interest 
rates, which is what the FG was designed to achieve, with the LSAP also aimed 
at having significant signaling effects via the reduction of future short-term interest 
rates (Bauer & Rudebusch, 2014). At the same time, since the portfolio rebalancing 
channel refers to the purchase of long-term securities by central banks, which would 
reduce the supply of bonds in the secondary market and lead to an increase in bond 
prices and a fall in bond yields, investors will adjust their portfolios by buying alter-
native assets, such as REITs (besides equities), in search of higher returns (Bauer 
& Neely, 2014; Gagnon et  al., 2011). In sum, irrespective of whether we look at 
conventional or unconventional monetary policy decisions, alternative theories sug-
gest that contractionary monetary policy will reduce REITs prices and/or returns, 
while expansionary ones will increase REITs prices and/or returns. Nevertheless, 
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such claims require empirical validation, especially given the mixed observations in 
the existing findings, particularly involving unconventional monetary policies.

Nakamura and Steinsson (2018a, b) suggest the use of high-frequency data to 
identify daily monetary policy surprises “in a relatively cleaner manner”, since this 
would allow monetary policy announcements to capture the effect on agents’ beliefs 
about economic fundamentals beyond monetary policy via the “information chan-
nel”. Given this, we extend the existing literature on the effect of conventional and 
unconventional monetary policy, primarily at low-frequency (monthly or quarterly), 
on daily overall and sectoral (all equity, industrial, office, retail, apartments, resi-
dential, shopping centers, health care, composite, and regional malls) REITs returns 
over the period of September 22, 2008 and June 30, 2021. Besides, better identifica-
tion of monetary policy at high-frequency, an analysis of daily movements of REITs, 
which is perceived as a leading indicator, would be of tremendous importance from 
the perspective of nowcasting low-frequency macroeconomic variables (including 
business cycles) based on mixed data sampling (MIDAS) methods (Bańbura et al., 
2011). As should be evident from the sample period, our analysis would need to 
account for both conventional and unconventional monetary policies, with the lat-
ter pursued from September 2008 to June 2016 following the GFC, and also more 
recently from March 2020 to June 2021 due to the outbreak of the COVID-19 pan-
demic, and the rest of the in-between period operating under the former (conven-
tional) monetary policy regime.

In light of this, following Inoue and Rossi (2019, 2021), our definition of a mone-
tary policy shock is a shift in the entire term structure of interest rates in a short win-
dow of time around the monetary policy announcement dates of the Federal Reserve 
(Fed). Since the procedure identifies monetary policy shock as exogenous shifts in 
a function, it is known in the literature as a “functional shock”. In this manner, the 
monetary policy shocks measured by this approach are broader than that used in 
the existing literature, which typically uses exogenous changes in the short-term 
interest rate alone. Moreover, functional monetary policy shocks have the potential 
to encompass more broadly other changes that monetary policy has on both short- 
and long-term interest rates, such as announcement effects associated with FG and 
LSAP (or quantitative easing (QE)). In other words, we are able to capture both con-
ventional and unconventional monetary policy decisions by considering the shift in 
the entire term structure of interest rates on announcement dates of the Fed. Indeed, 
there exist alternative approaches (for example, shadow short rates, heteroscedastic-
ity-based identification, event study-based identification, external instruments, sign-
restrictions, and structural Dynamic Stochastic General Equilibrium (DSGE) mod-
els-based identification) to modeling conventional and unconventional monetary 
policies simultaneously (see, Rossi (2021) for a detailed review of these methods). 
While some of these methods can also be utilized in the context of high-frequency 
data, the fact that the entire term structure contains important information on the 
duration of the ZLB episode and the expected effects of monetary policy on the 
overall economy (Gürkaynak & Wright, 2012), makes the functional shock approach 
preferable. This is because of the fact that monetary policy shocks can now not only 
be identified at a daily frequency, but also the shift of the term structure would con-
tain high-frequency information of wide array of additional low- and high-frequency 
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macroeconomic and financial variables that are expected to impact the REITs sec-
tor. In other words, functional monetary policy shocks allow us to parsimoniously 
model a large information set at daily frequency.

While the focus is on REITs returns, since we now have access to (5-min-interval) 
intraday data available for the REITs market, we are also able to analyze the impact 
of monetary policy shocks on higher moments namely, realized variance (RV), real-
ized jumps (RJ), realized skewness (RSK), and realized kurtosis (RKU). Note that, 
returns are computed as the end of the day price difference, close to close. In this 
context note that, as far as trading levels are concerned, a critical examination of the 
intraday data in the REITs sector needs to be considered to enhance the robustness 
and interpretability of the findings derived from high-frequency data. Notably, the 
REITs sector, despite its substantial growth and importance in the real estate invest-
ment sphere, is oftentimes deemed to be a relatively thinly traded sector, especially 
when juxtaposed against the overall equity market. However, the microstructure of 
the REITs market, in terms of trading volumes and liquidity, can exhibit notable 
variations, especially during periods of economic turbulence or significant policy 
announcements, which is a point that lends some merit to utilizing intraday data in 
specific contexts. During the Global Financial Crisis (GFC) and the recent COVID-
19 pandemic, REITs experienced heightened trading volumes3 and price volatility, 
which potentially stemmed from their direct linkage to the tangible property market 
dynamics and macroeconomic conditions. Hence, employing intraday data allows us 
to discern the immediacy and intensity of market reactions, which can be particu-
larly pertinent when examining the effects of monetary policy shocks that are likely 
to have swift impacts on investor sentiment and trading behavior in the short term. 
This is significant, given that REITs, by virtue of being exchange-traded, present 
an amalgamation of real estate investment and stock market characteristics, thereby 
assuming a unique position that can be influenced by both tangible property market 
movements and equity market dynamics. Furthermore, the high moments (realized 
variance, jumps, skewness, and kurtosis) of REITs may exhibit notable fluctuations 
in a short time span post any major policy announcement, offering a richer under-
standing of how such shocks permeate through the real estate sector and subse-
quently, the broader economy.

While some studies (see for example, Devaney (2001), Cotter and Stevenson 
(2008), Bredin et al. (2007), Nyakabawo et al. (2018)) have analyzed the impact of 
interest rate, and conventional and unconventional monetary policy on Generalized 
Autoregressive Conditional Heteroscedasticity (GARCH)-based conditional models 
of volatility, RV, computed as the sum of squared intraday returns over a day, pro-
vides a more accurate, unconditional and observable metric of volatility (McAleer 
& Medeiros, 2008). In this regard, it is important to point out that, an unexpected 
contractionary (expansionary) monetary policy shock, traditionally considered “bad 
news” (“good news”), negatively (positively) impacts REITs prices and/or returns, 
which in turn is expected to lead to higher (lower) REITs market volatility, as sug-
gested by the “leverage effect” (Gospodinov & Jamali, 2012, 2018). This is again 

3 Figure 15 in Appendix 1 shows the average monthly trading volume of FNAR between 2008 and 2021.
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a theoretical proposition that needs to be tested in the current context, since while 
Bredin et al. (2007) find evidence of this related to the US conventional monetary 
policy, Nyakabawo et al. (2018) did not find the effect to be statistically significant. 
Note that, REITs volatility is an important issue for investors, given that volatility, 
as a measure of risk, plays a critical role in portfolio diversification, derivatives pric-
ing, hedging and financial risk management, besides RV providing a measure of 
uncertainty in the real estate market (Bonato et al., 2021a, b, 2022).

Given this, market participants of the REITs sector, just like in the context of the 
equity market, are expected to care not only about the nature of volatility, but also 

Fig. 1  Yields at 3-month to 30-year maturities. Upper panel: Time series plot. Lower panel: 3-dimen-
sional plot
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about its level, with all traders making the distinction between good and bad volatili-
ties (Giot et al., 2010). Good volatility is directional, persistent and relatively easy to 
predict, while, bad volatility is jumpy and comparatively difficult to foresee. There-
fore, good volatility is generally associated with the continuous and persistent part, 
while bad volatility captures the discontinuous and jump component of volatility. 
Hence, an analysis of the drivers of RJ should be of tremendous value to investors 
in terms of portfolio management, as suggested by Odusami (2021a, b), while high-
lighting its importance in the price process of REITs. Jump risks are particularly 
important as they cannot be diversified away, causing investors to demand large risk 
premia. If jumps are widespread in the dynamics of REITs prices, then their risk 
premia must account for both the diffusive and jump risk factors. In terms of the 
dynamics of asset returns, jumps allow for the impact of news carrying significant 
information, such as that of monetary policy, to quickly dissipate in the return pro-
cess, but their effect on volatility is more persistent due to their impact on the diffu-
sion process. In fact, Odusami (2021a) indicated that RJ is indeed predictable based 
on various financial market variables (term spread, default spread, Volatility Index 
(VIX), equity market returns, commodity returns, and the U.S. dollar exchange 
rates). We now aim to add to this the role of conventional and unconventional mon-
etary policy shocks, which in turn are expected to incorporate the information con-
tained in the predictors considered by Odusami (2021a). The initial hypothesis is 
that contractionary monetary policy should positively affect RJ.

Finally, we also get into unchartered territory by analyzing the impact of mon-
etary policy shocks on RSK and RKU, which captures asymmetry and extreme 
movements (outliers) in REITs returns (Bonato et  al., 2022), and are expected to 
be negatively related to monetary policy shocks. In the aftermath of the GFC, the 
discussions of these non-normal distributional features of asset returns, and in our 
case for REITs, which we show to exist, have become pertinent issues. Investors 
note skewness when judging a return distribution because it better represents the 
extremes of the data set rather than focusing solely on the average, and can capture 
possible crash risk especially involving negative RSK values. RSK informs market 
participants of the direction of outliers, though it does not tell agents how often that 
occurs, for which we utilize RKU, which is a metric for the tailedness of a distri-
bution. It should be noted that tail risk is the additional risk which fat-tailed asset 
returns exhibit relative to a normal distribution.

Understandably, going beyond returns, and analyzing the effect of monetary 
policy shocks on higher moments, such as RV, RJ, RSK and RKU, obtained from 
high-frequency data, is pivotal to better understanding the impact on the entire 
distribution of REITs returns, to allow us to draw relevant investment and policy 
implications. This is more so because, these higher moments can be associated with 
behavioral aspects of market participants in the REITs market. For instance, RV is a 
well-accepted metric of uncertainty, whereas jumps can reflect speculative and irra-
tional forces (Baker et al., 2021), to the extent that RJ, RSK and RKU can be even 
considered as sentiment indicators involving the underlying asset (Frugier, 2014).

To the best of our knowledge, this is the first paper to analyze the impact of con-
ventional and unconventional monetary policy shocks on not only REITs returns, but 
also its higher moments derived using intraday data, based on a framework referred 
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to as the Vector Autoregressive (VAR) model with functional shocks. The remainder 
of the paper is organized as follows: Sect.  “Methodology” discusses the methodol-
ogy utilized, while Sect. “Data and higher-moment statistics” outlines the data and the 
associated computation of the various moments of REITs returns. Section “Empirical 
results” presents the results, with Sect. “Concluding remarks” concluding the paper.

Methodology

In order to comprehensively measure monetary policy shocks, Inoue and Rossi (2019, 
2021) propose to identify monetary policy shocks as shifts in the entire term structure of 
government bond yields in a short window of time around monetary policy announce-
ments. Since shocks are shifts in a function (i.e. the difference between two term struc-
tures), Inoue and Rossi (2019, 2021) refer them as functional shocks. Under such set-
up, the “whole picture” of an exogenous monetary policy action is entirely included by 
simultaneously considering the impact on interest rates at all available maturities, whether 
it is an unexpected change in the short-term or the shift in agent’s expectations on the 
medium- and long-term. Furthermore, Inoue and Rossi (2019, 2021) develop a frame-
work of VAR with functional shocks to trace the effect of monetary policy shocks in the 
financial markets. In the following, we briefly summarize their methodology.

Functional shocks identification

Firstly, we have a set of discrete maturities (in years) for which we can observe the 
data on yields, and let us denote them as � = �1, �2,… , �M , where M is the number of 
maturities. Then on a specific day t , the yield to maturity of � is represented by y�,t. If 
we view the maturity � as continuous, then the yield curve can be denoted as a func-
tion, yt(�) . In order to identify a monetary policy shock, Inoue and Rossi (2019, 2021) 
assume that the change in the yield curve is predominantly caused by the monetary 
policy action. Thus, the monetary policy shock is the change of the term structure on 
the announcement date t:

where Δyt(�) ≡ yt(�) − yt−1(�) is the change in the yield curve as a function of matu-
rity � on day t . Since monetary policies do not occur on each day t , we use a dummy 
variable dt to denote a day with a monetary policy announcement (1: with a mone-
tary policy announcement; 0: no announcement). With such a definition, we can see 
that the monetary policy shock, �mpt (�) , is no longer a scaler, but a functional data 
(a curve in this case). The advantage of using the functional data of �mpt (�) is that 
we incorporate all information in the change of the yield curve on the announce-
ment day. This is because � in practice is ranging between 3-month (1/4 year) and 
30-year. Thus, the changes in short-, medium-, and long-term are all included in 
�
mp

t (�) . Considering that a monetary policy shock can have different effects at differ-
ent maturities, �mpt (�) can have a variety of shapes, which we will discuss in detail in 
Sect. “Data and higher-moment statistics”.

(1)�
mp

t (�) = Δyt(�)dt,
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VARs with functional shocks

Denote mt as the REITs daily return or its realized higher moments (RV, RJ, RSK 
and RKU), which are the variables of our interest. Then we construct a reduced-
form VAR model with mt and Δyt(�) as follows:

where Xt =
[
Δyt(1∕4),Δyt(1∕2),Δyt(1),Δyt(5),Δyt(10),Δyt(20),Δyt(30),mt

]
�, 

E
(
�t�t�

) ≡ Σ , and we set p = 1 in the main analysis and provide robustness checks 
of p = 2, 3 in Sect. "Robustness checks".

By inverting the VAR model, a reduced-form moving average is obtained as:

In order to identify the VAR transmission mechanism parameters in the structural 
VAR, we need an additional assumption that the yield curve responds to mt only 
with a lag. Thus, the Cholesky decomposition of Σ = AA� , and the Cholesky factor 
is:

and Θh is

where A11 and Θ11,h have dimension M ×M , Θ12,h is 1 ×M , A21 and Θ21,h are 1 ×M , 
and lastly a22 and  Θ22,h are scalers.

Inoue and Rossi (2019) show that the overall effect as the impulse response to the 
monetary policy event  �mpt =

[
�
mp

t (1∕4),… , �
mp

t (30)
]
 can be calculated by:

where h = [0, 1,… ,H].

As for the estimation for Eq. (5), please refer to Inoue and Rossi (2019) for the 
details on the Bayesian procedure that is adopted.

Contractionary versus expansionary

In Inoue and Rossi (2019), a monetary policy is deemed to be contractionary if 
Δy∗

5,t
> 0 (i.e., the shock of yield at 5-year maturity is positive) during the unconven-

tional period; if  Δy∗
1∕4,t

> 0 (i.e., the shock of yield at 3-month maturity is positive) 
during the conventional period. Otherwise, it is an expansionary monetary policy. 
However, such a criterion arbitrarily depends on the choice of a single maturity, 
which can produce non-robust results. For example, some yield curves can have a 

(2)Xt = � + B0 + B1Xt−1 +⋯ + BpXt−p + ut,

(3)Xt = �̃ + �t + Θ1ut−1 +⋯ + Θhut−h +…

(4)A =

[
A11 0

A21 a22

]
,

Θh =

[
Θ11,h Θ12,h

Θ21,h Θ22,h

]
,

(5)
(
Θ21,h + Θ22,hA21A

−1
11

)
�
mp

t ,
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very marginal decrease in the short maturity but a large increase in the longer matu-
rity, which is less convincing to be classified as contractionary. In order to be more 
systematic, we use a different criterion from Inoue and Rossi (2019) to define a con-
tractionary monetary policy and an expansionary monetary policy during conven-
tional and unconventional periods, as summarized below:

• A contractionary monetary policy is featured by ∫ 30

1∕4
𝜀
mp

t (𝜏)d𝜏 > 0 , (i.e. the inte-
gral of whole yield curve is positive);

• Otherwise, it is an expansionary monetary policy.

Data and higher‑moment statistics

In this section, we elaborate on the empirical dataset for this study, including the 
term structure data, the REITs data, and the announcement dates of (un)conventional 
monetary policies. Additionally, we provide a discussion of the higher moments 
associated with the REITs.

The dataset

For the term structure, the maturities of yields are chosen to be fixed at 3-month, 
6-month, and 1–30 years. The term structure data is at daily frequency. The 3- and 
6-month daily zero-coupon yields are from the Federal Reserve Board (Fed) H-15 
release.4 The yields of zero-coupon yields (mnemonics “SVENY”) at 1 to 30 years 
maturities are from Gurkaynak et al. (2007) that is available in updated form from 
the Board of Governors of the Federal Reserve System webpage.5

We use 5-min-interval intraday data on the FTSE Nareit All REITs Index (FNAR) 
to conduct our empirical study.6 The intraday data cover a 24-h trading day and are 
ideally suited to construct daily measures of RV, RJ, RSK and RKU, besides returns 
being computed as the end of the day log-price difference, close to close. Besides 
the FNAR index, we also investigate the role of monetary policy shocks on the fol-
lowing sectoral REITs: All Equity (FNER), Industrial (FNIND), Office (FNOFF), 
Retail (FNRET), Apartment (FNAPT), Residential (FNRES), Shopping (FNSHO), 
Health Care (FNHEA), Composite (FNCO), and Regional Malls (FNMAL). This 
is because, both theory and empirical evidence suggest that the sectors do not 
react evenly to changes in interest rates, with the fundamental driver of interest 
rate sensitivity for REITs being the average lease term of the underlying property 
type (Almudhaf & Hansz, 2018). Note that apartment, residential, and industrial 

4 https:// www. feder alres erve. gov/ relea ses/ h15/, assessed on December 4, 2023.
5 https:// www. feder alres erve. gov/ data/ nomin al- yield- curve. htm, assessed on December 4, 2023.
6 The FTSE Nareit All REITs Index is a market capitalization-weighted index that and includes all tax-
qualified REITs that are listed on the New York Stock Exchange, the American Stock Exchange or the 
NASDAQ National Market List. The FTSE Nareit All REITs Index is not free float adjusted, and con-
stituents are not required to meet minimum size and liquidity criteria.

https://www.federalreserve.gov/releases/h15/
https://www.federalreserve.gov/data/nominal-yield-curve.htm
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generally tend to have relatively low lease terms in comparison to shopping cent-
ers, retail, office, regional malls, and health care. The intraday REITs price data, 
obtained from Bloomberg, is available in a continuous format. The computation of 
the RV, RJ, RSK and RKU statistics are discussed in the next sub-section in detail.

The period of our dataset is between September 22, 2008 and June 30, 2021,7 
purely driven by data availability. Since our interest is to analyze the different 
impact from (un)conventional monetary policies, we divide the entire period into 
three periods:

• Period 1 (GFC), unconventional monetary policy: September 19, 2008 – June 
15, 2016.8

• Period 2 (Post-GFC), conventional monetary policy: June 16, 2016 – February 
29, 2020.

• Period 3 (COVID-19), unconventional monetary policy: March 1, 2020 – June 
30, 2021.

The dates of unconventional monetary policy (UMP) announcements in Period 
1 (GFC) are from the Not-for-Publication Appendix 1 of Inoue and Rossi (2021). 
Note that the UMP dates (22 of them) in Inoue and Rossi (2021) is an extension of 
the UMP dates (11 in number) in Inoue and Rossi (2019). The 22 UMP dates cover 
the period of November 25, 2008 (first UMP) to June 15, 2016 (last UMP). For the 
dates of (un)conventional monetary policy announcements in Period 2 (Post-GFC) 
and Period 3 (COVID-19), we follow Nakamura and Steinsson (2018a, b) to use the 

Table 1  Summary statistics of US yields

Maturity (in 
Year)

Mean Median Max Min Std. Dev Skewness Kurtosis

0.25 0.500 0.120 2.490 0.000 0.737 1.547 3.897
0.5 0.582 0.180 2.580 0.020 0.752 1.455 3.669
1 0.705 0.346 2.759 0.055 0.745 1.366 3.565
2 0.890 0.687 2.961 0.102 0.713 1.184 3.498
3 1.129 1.022 3.026 0.127 0.680 0.771 3.028
4 1.376 1.361 3.061 0.169 0.668 0.311 2.519
5 1.612 1.636 3.091 0.222 0.678 0.006 2.296
10 2.463 2.403 4.835 0.520 0.847 0.125 2.828
20 3.090 2.973 5.056 0.958 0.913 0.132 2.612
30 3.264 3.183 5.036 1.250 0.805 0.084 2.816

7 The dates of interest rates and REITs are cross-matched so that holidays and weekends are removed.
8 The end date of this period follows the Table 1 in the Not-for-Publication Appendix of Inoue and Rossi 
(2021).
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dates of FOMC meetings, available on the website of the Federal Reserve Board 
website.9

The upper panel of Fig. 1 plots the time series of yields at 3-month to 30-year 
maturities over our sample period. The 3-month yields are generally at the bottom 
(blue line), the 30-year yields are at the top (purple line) for most of the time, and 
the yields at other maturities are between them. To better visualize the term struc-
ture, the bottom panel of Fig.  1 shows the 3-dimensional figure of term structure 
with respect to time (x-axis) and maturity (y-axis). It is prominent that the term 
structures are noticeably distinguishable in the three periods, with short-maturities 
yields closely at zero during the two unconventional periods.

Fig. 2  Shocks in US term structure after monetary policy announcement. Red (blue) solid lines are con-
tractionary (expansionary) monetary policy shocks. Upper panel: shocks in GFC. Middle panel: shocks 
in Post-GFC. Lower panel: shocks in COVID-19

9 https:// www. feder alres erve. gov/ monet arypo licy/ fomcc alend ars. htm, assessed on December 4, 2023.

https://www.federalreserve.gov/monetarypolicy/fomccalendars.htm
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Figure  2 presents the shocks in term structure following a monetary policy 
announcement in the three periods. Red solid lines are contractionary monetary 
policy shocks, while blue dotted lines are expansionary monetary policy shocks. 
Recall that, a contractionary monetary policy implies that the integral of whole 
yield curve is positive, i.e., ∫ 30

1∕4
𝜀
mp

t (𝜏)d𝜏 > 0 , while, an expansionary monetary 
policy involves a negative integral, on the monetary policy announcement dates. As 
can be observed, the shapes of those functional shocks can be considerably differ-
ent, albeit they have similar changes at a fixed maturity, such as the commonly used 
1-year. Therefore, the information contained in the whole curve of functional 
shocks could be much richer and potentially helpful in investigating the impact of 
(un)conventional monetary policies. Given the above definition, it might seem that 
contractionary monetary policy during COVID-19 is contradictory to the whole 
purpose of reviving the struggling economy, but as shown in Fig.  2, there were 
indeed such instances, especially at longer maturities. This is because, even though 
the lower-end of the yield curve stayed quite stable and low, the upper-segment had 
started to show signs of increase by around August, 2020, with the US real GDP 
having by passed the severe downturn by the 3rd quarter of 2020. So the positive 
changes in the higher-term maturities on monetary policy announcement dates rela-
tive to no-changes at the lower-end tend to represent contractionary monetary pol-
icy shocks during the coronavirus pandemic period, which in our case spans till 
June, 2021. A similar argument can be made about contractionary monetary policy 
during the GFC as well, though the frequency of expansionary shocks were rela-
tively higher in this context, compared to the COVID-19 sub-sample, as seen from 
Fig. 2.

Table 1 shows the summary statistics of US yields data. Some stylized facts of 
term structures are observed here. First, the mean and median of yields increase 
with the maturity. Second, the range of yields is larger for longer maturities. How-
ever, there is an U-shape relationship between standard deviation and maturity in 
our sample period, with higher standard deviation at shorter and longer maturities. 
Based on the skewness and kurtosis, we can observe that the distributional property 
of yields at larger maturities is closer to normal distribution.

Realized moments

REITs returns realized variance is estimated by relying on the classical estimator of 
RV, i.e., as the sum of squared intraday returns (Andersen & Bollerslev, 1998):

where rt,i denotes the intraday M × 1 return vector, and i = 1, ...,M is the number 
of intraday returns. Next, we consider a jump component (RJ) in the REITs price 
process. As shown by Andersen et al. (2007), jumps are both highly prevalent and 
distinctly less persistent than the continuous sample-path-variation process. More-
over, many jumps appear directly associated with specific macroeconomic news 

(6)RVt =

M∑

i=1

r2
t,i
,
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announcements. We use the result, derived by Barndorff-Nielsen and Shephard 
(2004), that the realized variance converges into permanent and discontinuous 
(jump) components as:

where Nt is the number of jumps within day t and kt,j is the jump size. This result 
implies that RVt is a consistent estimator of the integrated variance ∫ t

t−1
�2(s)ds plus 

the jump contribution. The asymptotic results derived by Barndorff-Nielsen and 
Shephard (2004, 2006) further show that:

where BVt is the realized bipolar variation defined as:

and

A consistent estimator of the pure jump contribution can then be expressed as:

The significance of the jump component is tested relying on a formal test esti-
mator proposed by Barndorff-Nielsen and Shephard (2006) given by:

where TPt is the Tri-Power Quarticity:

which converges to the Integrated Quarticity (IQ):

even in the presence of jumps. We use the notation vbb =
(

�

2

)2

+ � − 3 and vqq = 2 . 
Note that for each t , JTt ∼ N(0, 1) as M → ∞ . As can be seen in Eq. (11), the jump 
contribution to  RVt is either positive or null. Therefore, to avoid obtaining negative 

(7)lim
M→∞

RVt = ∫
t

t−1

�2(s)ds +

Nt∑

j=1

k2
t,j
,

(8)lim
M→∞

BVt = ∫
t

t−1

�2(s)ds,

(9)BVt = �−2
1

(
M

M − 1

) M∑

i=2

||rt,i−1||||ri,t|| =
�

2

M∑

i=2

||rt,i−1||||ri,t||,

(10)𝜇a = E(|Z|a), Z ∼ N(0, 1), a > 0.

(11)Jt = RVt − BVt.

(12)JTt =
RVt − BVt(

vbb − vqq
)
1

N
TPt

,

(13)TPt = M
M

M − 2

(
Γ(0.5)

22∕3Γ(7∕6)

) M∑

i=3

||ri,t||
4∕3||rt,i−1||

4∕3||rt,i−2||
4∕3

,

(14)IQt → ∫
t

t−1

�4(s)ds,
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empirical contributions, we redefine, like Zhou and Zhu (2012), the jump measure 
as:

Finally, we compute RSK and RKU. We consider RSK as a measure of the asym-
metry of the daily REITs returns distribution, and RKU as a measure that accounts for 
extremes. We compute RSK on day t as:

and RKU on day t as:

The scaling of RSK and RKU by (M)1∕2 and M ensures that magnitudes correspond 
to daily skewness and kurtosis.

Table 2 presents the summary statistics of the returns, RV, RJ, RSK and RKU of the 
FNAR index, and not surprisingly, there is evidence of negative skewness and excess 
kurtosis. Figure 3 depicts the returns and the higher moments of the FNAR index, and 
as can be seen, there is evidence of negative returns during the GFC, the European sov-
ereign debt crisis, and more recently during the ongoing COVID-19 pandemic. These 
periods are also associated with heightened RV, RJ (indicative of volatility jumps asso-
ciated with bad volatilities resulting from negative returns), and RKU as well. As far 
as RSK is concerned, we tend to find both large negative and positive values, with not 
necessarily visible evidence that the former dominates the latter, but as observed from 
the overall returns series, FNAR is indeed negatively skewed on average.

Empirical results

Our empirical results are organized with respect to returns and the higher moments 
separately. We depict the individual responses of FNAR to shocks in the term struc-
ture following all (un)conventional monetary policy announcements in the three 

(15)RJt = max
(
RVt − BVt;0

)
.

(16)RSKt =

√
M
∑M

i=1
r(i,t)3

RV
3∕2
t

,

(17)RKUt =
M
∑M

i=1
r(i,t)4

RV2
t

.

Table 2  Summary statistics of FNAR

Mean Median Max Min Std. Dev Skewness Kurtosis

Return 0.0105 0.0888 16.2366 -20.5429 1.9970 -0.6761 21.7818
RV 0.0002 0.0001 0.0095 0.0000 0.0006 6.2395 55.5038
RJ 0.0001 0.0000 0.0037 0.0000 0.0003 5.9435 45.8466
RSK 0.0516 0.0338 8.3711 -9.8456 2.0636 0.0735 5.0854
RKU 11.0355 6.8815 114.5339 2.2177 10.8151 2.6014 11.6435
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periods, with a summary table to present the average responses and their statistical 
significance. For the sake of conserving space, we provide tables to show the aver-
age response of various sectors of the US REITs market to the shocks of contrac-
tionary and expansionary monetary policy announcements.

Response of returns

The right panel of Fig. 4 depicts the functional shocks due to contractionary mone-
tary policies in the three periods. First, it can be observed that the functional shocks 
in the term structure can have extraordinarily different shapes, although they are all 
classified as contractionary or expansionary. Such observations justify the motiva-
tion to consider the shock in the whole term structure, rather than yields at specific 
maturities. Second, the average functional shocks in GFC and COVID-19 periods 

Fig. 3  The return, RV, RJ, RSK, RKU of the FNAR index
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have larger increases at longer maturities but marginal changes at shorter maturities. 
Third, during the post-GFC period, the average shock has a “hump” shape, imply-
ing that the conventional monetary policy affects most in the medium term (between 
2–5 year maturities).

The responses of FNAR returns are presented in the left panel of Fig. 4, and in 
general are quite short-lived. On average, a contractionary monetary policy causes: 
(1) positive FNAR returns for the first two days during the GFC; (2) negative FNAR 
returns for the first two days during the Post-GFC; (3) a positive FNAR returns on 
the first day followed by a negative FNAR returns on the second day during COVID-
19. The positive response of the FNAR during the GFC is an interesting finding 
because a contractionary monetary policy is expected to have a negative impact on 

Fig. 4  Response of FNAR returns to contractionary monetary policy shocks. Left: response of returns to 
shocks. Right: shocks in the yield curves following a monetary policy announcement
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FNAR returns, based on the channels discussed in the introduction. However, such 
expected impact is only observed in the conventional period (Post-GFC) and with 
a delay in COVID-19 period, involving unconventional monetary policies, but not 
during the GFC, which was characterized by unconventional policies. A possible 
explanation is that, contractionary monetary policies during crises could be an indi-
cation to the REITs investors that the monetary authorities are expecting the econ-
omy to recover soon leading to higher investment in REITs, and the associated hike 
in demand increasing its prices (Marfatia et al., 2021).

In terms of the expansionary monetary policy, the functional shocks are shown in 
the right panel of Fig. 5. During GFC and COVID-19, most monetary policy shocks 

Fig. 5  Response of FNAR returns to expansionary monetary policy shocks. Left: response of returns to 
shocks. Right: shocks in the yield curves following a monetary policy announcement
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is zero at the short-end of the yield curve, and gradually deviates from zero at the 
long-end. This is mainly because of the fact that the short-end of the yield curve 
hit the ZLB, and unconventional monetary policy mostly operates on medium- and 
long-term expectations. The left panel of Fig. 5 illustrates the short-lived response 
of FNAR returns to expansionary monetary policy shocks. We notice an overshoot-
ing reaction of FNAR returns during the GFC and the COVID-19 period, i.e., a large 
negative return on the first day is followed by a recovery. With the GFC originating 
in the real estate sector, such delayed response due to weak sentiment regarding this 
market is not surprising even in the wake of monetary policy expansion. Moreover 
during crises periods, like the GFC and COVID-19, investors are more reliant on 
investing in safe haven assets and hence, it takes a while for them to possibly under-
take portfolio reallocations into the REITs sector following positive monetary policy 
news. In other words, the delayed positive effects during the GFC and the COVID-
19 period resulting from expansionary unconventional monetary policies could be 
a fall out of initial suggestion to the REITs market that the future economic outlook 
is subdued, but as these beliefs are updated, the returns tend to overshoot. During 
the post-GFC period, an expansionary monetary policy produced positive FNAR 
returns for the first two days, which is in line with our expectation.

Response of higher moments: RV, RJ, RSK and RKU

The left panel of Fig. 6 displays the responses of the FNAR RV to the functional 
shocks of contractionary monetary policy in the three sub-periods. For the two 
unconventional monetary policy periods, a contractionary monetary policy shock, 
on average, leads the RV of the FNAR index to decrease for a few days during the 
GFC, but a rise is observed for several days during the COVID-19 period. These 
findings align with the observations made for the FNAR returns reported above, 
with it rising and declining in the GFC and the pandemic following a contraction-
ary monetary policy shock and signaling “good” and “bad” news, respectively, to 
decrease and increase RV via the leverage effect. But then again, the intuition-ori-
ented results during the coronavirus pandemic for RV could be associated with bet-
ter cognizance of the market about unconventional monetary policy decisions, rather 
than what was known during the GFC, besides low trading in the REITs market due 
to higher prevailing overall economic uncertainty could have resulted in lower vola-
tility as well. Concentrating on the post-GFC period, the impact of contractionary 
monetary policy is unclear since half of the reactions are positive and the other half 
is negative, resulting in an average effect near to zero – a finding in line with Nyaka-
bawo et al. (2018). Note that, the initial impact is negative, and could be a result of 
lower trading volumes due to “bad” news and associated negative returns culminat-
ing into lower volatility via the Mixture of Distribution Hypothesis (MDH, Clark, 
1973), or Sequential Information Arrival Hypothesis (SIAH, Copeland, 1976).

The response of the FNAR RV to the functional shocks of expansionary in 
nature is depicted in the left panel of Fig.  7 for the three periods studied. It is 
noteworthy that an expansionary monetary policy shock generally leads to a rise 
in the RV of the FNAR index during the GFC, as a possible fall out of the sharp 
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reduction in REITs returns conveying “bad” news, or higher trading in the wake 
of “good” news involving expansionary monetary policy. When we focus on the 
post-GFC period, similar findings are observed as under the contractionary case, 
with half of the responses being positive and the other half being negative, pro-
ducing virtually no impact, as also depicted by Nyakabawo et al. (2018). Addi-
tionally, we can observe an increase in the average response of the FNAR RV 
in the COVID-19 period as a result of an expansionary monetary policy, which 
could be due to the leverage effect via an initial negative impact on the overall 
REITs returns, or due to the MDH or SIAH involving higher trading volumes.

Fig. 6  Response of FNAR RV to contractionary monetary policy shocks. Left: response of RV to shocks. 
Right: shocks in the yield curves following a monetary policy announcement
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From our findings, it is evident that conventional monetary policy also coinciding 
with relatively calm REITs markets, played a limited role in whatever degree of vol-
atility the sector witnessed due to lesser overall uncertainty and stronger sentiments. 
In addition, as with returns, the responses of RV of the FNAR to an expansionary 
monetary policy shock are of a higher magnitude than that of a contractionary one.

Figure 8 (left panel) plots the response of the RJ of the FNAR index to contrac-
tionary monetary policy shocks. Our results indicate that, on average, a monetary 
policy tightening during the GFC period results in a persistent decrease (although 
at a lower magnitude) of FNAR RJ for more than 15 days. On the contrary, there is 
only a temporally increase in the FNAR RJ due to a contractionary monetary policy 

Fig. 7  Response of FNAR RV to expansionary monetary policy shocks. Left: response of RV to shocks. 
Right: shocks in the yield curves following a monetary policy announcement
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shock during the COVID-19 period. Interestingly, the effect of contractionary mon-
etary policy shocks on the response of the FNAR RJ is inconclusive during the con-
ventional monetary policy period. The response of the FNAR RJ to expansionary 
monetary policy shocks is presented in the left panel of Fig. 9. It can be observed 
that an expansionary monetary policy leads to a persistent increase (at a higher mag-
nitude) to the FNAR RJ, lasting for around 10 days during the GFC period. The 
FNAR RJ increases for the first two days due to an expansionary monetary policy 
during post-GFC, but on average, declines. This in turn is not surprising, given that 
expansionary monetary policy increases returns, and jumps are related more with 

Fig. 8  Response of FNAR RJ to contractionary monetary policy shocks. Left: response of RJ to shocks. 
Right: shocks in the yield curves following a monetary policy announcement
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bad volatility associated with negative returns. Additionally, we find that an expan-
sionary monetary policy shock during COVID-19 period leads to a modest decrease 
on the first day, followed by an increase in FNAR RJ on the second day. Given the 
importance of RJ in explaining the process of RV as discussed in Odusami (2021a), 
it is not surprising to see the results mimic those of the RV, particularly during cri-
ses, though the impacts are much more persistent. This could be suggesting the role 
of high-frequency monetary policy shocks in driving sudden market reactions to 
REITs, is propagated to a large extent by sentiment, beyond discount rates and antic-
ipated profitability effects of monetary policy decisions.

Fig. 9  Response of FNAR RJ to expansionary monetary policy shocks. Left: response of RJ to shocks. 
Right: shocks in the yield curves following a monetary policy announcement
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The left panel of Fig. 10 exhibits the responses of the RSK of the FNAR index 
to contractionary monetary policy shocks. As the figure indicates, a contractionary 
monetary policy, on average, induces an increase in the FNAR RSK during the two 
unconventional periods (GFC and COVID-19) but a decrease in the conventional 
period (post-GFC). Next, we turn to analyze the response of the FNAR RSK to 
expansionary monetary policy shocks, as displayed in the left panel of Fig. 11. It 
is noticeable that the direction of the responses of the FNAR RSK to expansionary 
monetary policy shocks is precisely in the opposite direction of the response to con-
tractionary monetary policy shocks.

Fig. 10  Response of FNAR RSK to contractionary monetary policy shocks. Left: response of RSK to 
shocks. Right: shocks in the yield curves following a monetary policy announcement
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The left panel of Fig. 12 demonstrates the responses of the RKU of the FNAR 
index to contractionary monetary policy shocks. During the GFC period, it is dif-
ficult to draw a conclusion on the effect of contractionary monetary policy shocks 
on the FNAR RKU since the average response is close to zero. When it comes to 
the post-GFC period, the average FNAR RKU has risen for the first two days in 
response to a contractionary monetary policy shock. Focusing on the COVID-19 
period, we detect a delayed response of the FNAR RKU, with the response being 
near to zero on the first day, but then remarkably increasing on the second and the 
third days. In terms of expansionary monetary policy shocks, the responses of the 

Fig. 11  Response of FNAR RSK to expansionary monetary policy shocks. Left: response of RSK to 
shocks. Right: shocks in the yield curves following a monetary policy announcement
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FNAR RKU are exhibited in the left panel of Fig. 13. We observe, on average, a rise 
in the FNAR RKU on the first three days during the GFC period. On the contrary, 
the FNAR RKU falls for the first three days during the post-GFC period. When it 
comes to the COVID-19 period, an expansionary monetary policy shock leads to an 
oscillation in the average FNAR RKU, with a decrease on the first day and a similar-
sized increase on the second day.

During crises, when returns are already negative, we can conclude that mon-
etary contraction is likely to enhance the degree of asymmetry and extreme 

Fig. 12  Response of FNAR RKU to contractionary monetary policy shocks. Left: response of RKU to 
shocks. Right: shocks in the yield curves following a monetary policy announcement
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movements of the overall US REITs market. In other words, tail risks tend to 
get magnified in such situations, as contractionary monetary policy in particu-
lar tends to negatively impact investor sentiment, and hence enhance chances of 
crash risks in the REITs market.

Meanwhile, it is worthwhile to provide the statistical significance of the various 
responses. Since we use the Bayesian procedure in Inoue and Rossi (2019) to estimate 
the model, the typical paradigm to examine the statistical significance in the Bayesian 

Fig. 13  Response of FNAR RKU to expansionary monetary policy shocks. Left: response of RKU to 
shocks. Right: shocks in the yield curves following a monetary policy announcement
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framework is by using credible intervals.10 In our setting, we provide credible intervals of 
responses at two levels, 68% and 95%, based on the posterior distribution of model param-
eters. The first choice of 68% level follows Inoue and Rossi (2021), while the second choice 
of 95% is more in line with the traditional convention. To demonstrate the credible interval, 
we plot an example of credible intervals for the response of FNAR returns to monetary 
policy shocks on January 28, 2009 in Fig. 14. As can be seen, the response on the first day 
is outside of both 68% and 95% credible intervals, indicating the statistical significance at 
the two levels in the Bayesian framework. But the response is only outside of 68% credible 
interval but not outside of 95% credible interval on the second day, indicating the statistical 
significance only at 68% level.

To give an overview, Table 3 presents the summary results of the responses of 
FNAR returns and the higher moments to the contractionary and expansionary 
shocks of conventional and unconventional functional monetary policy shocks. We 
present the average response, the number of responses that are outside of the cred-
ible intervals, along with the total number of shocks due to contractionary or expan-
sionary monetary policies in the three sub-periods. As can be seen, the response 
on the first two days generally has higher numbers outside of the credible intervals. 
Among different moments, the response of RV is most persistent and has highest 
number outside of the credible intervals. There is no clear pattern between the con-
tractionary and expansionary monetary policies.

Robustness checks

To check whether our results are robust to different settings, we carried out two 
robustness checks, including 1) using a different criterion of contractionary and 

Fig. 14  Example of credible intervals for response to shocks. Left: response of FNAR returns to shocks. 
Right: shock in the yield curve on January 28, 2009

10 One should not confuse with the confidence interval in the frequentist framework, which has a differ-
ent conceptual definition and meaning.
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expansionary monetary policy; and 2) using different orders of VAR with functional 
shocks.

We propose to use a criterion to distinguish whether a monetary policy is con-
tractionary or expansionary based on the integral of whole yield curve in Sect. "Con-
tractionary versus expansionary". This is different from the criterion used by Inoue 
and Rossi (2019). In our first robustness check, we repeat our analysis with the crite-
rion as in Inoue and Rossi (2019): a monetary policy is regarded as contractionary if 
Δy∗

5,t
> 0 (the shock of yield at 5-year maturity is positive) during the unconven-

tional period; if  Δy∗
1∕4,t

> 0 (the shock of yield at 3-month maturity is positive) dur-
ing the conventional period. The result is presented in Table 5 in Appendix 1. As 
can be observed, the average responses and the number outside of credible intervals 
based on the Inoue and Rossi’s (2019) criterion are similar to our main analysis, 
with few exceptions. The differences in those exceptions are either not persistent or 
marginal in the magnitude.11

In the VAR with functional shocks, we need to choose the order of the model in 
Eq. (2). In our main analysis, the order is set to be p = 1 for the purpose of simplic-
ity. It is possible that the response can be affected by the choice of order. To this 
end, we repeat our analysis by using p = 2 and p = 3 , and their results are provided 
in Tables 6 and 7 in Appendix 1, respectively. As can be seen, the results of using 
p = 2 and p = 3 are close to our main analysis based on p = 1 , and their differences 
are very marginal. Overall, our main conclusion remains the same.

Response in various REIT sectors

Table 4 presents the average response of returns of various REITs sectors to the con-
tractionary and expansionary shocks of conventional and unconventional functional 
monetary policy shocks. In general, the sign of the responses of the different REITs 
sectors are similar to that of FNAR during the three sub-periods considered,12 
though the magnitude differs, and highlights different degree of sensitiveness of the 
sectors to monetary policy shocks, contingent on the length of the lease-term. Note 
that, strongest (negative) impacts (in particular) following (contractionary) mone-
tary policy shocks are observed for shopping centers, retail, office, regional malls 
and health care when compared to apartment, residential, and industrial REITs, as 
the latter group have shorter-term lease agreements which they can reprice quickly 
by adjusting the rental rates. At the same time, during normal times, especially post 
the GFC, expansionary monetary policy caused returns in the REITs with shorter 
lease-terms to be relatively strongly influenced upwards with cyclical and vola-
tile room and occupancy rates. Investors dealing with diversified REITs portfolio 
should be able to use the sign and degree of responsiveness of the various REITs 
sub-sectors to monetary policy shocks in reaching optimal decisions considering the 

11 Note that we multiple the response of RV and RJ by 10,000.
12 There are couple of exceptions though, with Industrial (FNIND) showing higher returns during the 
post-GFC period following a contractionary monetary policy shock, while, Regional Malls (FNMAL) 
tend to have negative returns during the COVID-19 period due to an expansionary shock, with the latter 
effect likely due to economic lockdown measures, irrespective of the nature of monetary policies.
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lease-terms, with shorter lease terms being more flexible of the REITs would allow 
them to hedge the risks of economic contraction.

In sum, we do tend to observe asymmetry in the impact of contractionary and 
expansionary monetary policies in terms of both magnitude and sign of the effect, 
and the impacts are also contingent on the periods of analyses, i.e., the nature of 
monetary policy being pursued namely, conventional or unconventional. In general, 
expansionary policies tend to have a stronger impact.

Finally, Tables 8, 9, 10 and 11 in Appendix 1 present the average response of RV, 
RJ, RSK, and RKU for the various REIT sectors to the shocks of (un)conventional 
monetary policy, with the sign of the response being almost identical to the overall 
market response, though understandably, the magnitude differs, and some excep-
tions do exist. This information is likely to be of immense value to market partici-
pants aiming to diversify their REITs-based portfolios.

Comparison between the response of REIT and stock markets

It is also worthwhile to compare the response between REIT and stock markets, 
in order to shed light on the uniqueness of the REIT’s responsiveness to monetary 
policy shocks. To this end, we download the 5-min intraday data of S&P 500 index 
obtained from Bloomberg and compute its realized moments in the same way as 
Sect.  "Realized moments". Then, we repeat our baseline analysis (i.e., with p = 1 
based on our definitions of contractionary and expansionary monetary policies) 
using VARs with functional shocks on the returns, RV, RJ, RSK and RKU of S&P 
500, and results are presented in Table 12 in Appendix 1.

By comparing Table 3 and Table 12, the most remarkable difference lies in the 
response of RJ to the expansionary policy during the unconventional periods. Spe-
cifically, the response of RJ in the REIT market has a much larger magnitude than 
those in the stock market. As noted by Odusami (2021a, b), REITs are highly sus-
ceptible to rare disaster events, like the GFC and the COVID-19, which are basically 
the periods of unconventional monetary policy decisions. The jump risks are likely 
to average out for the overall stock market, than when a specific sector is considered. 
Additionally, we can observe a modest distinction between the two markets in the 
response of RSK and RKU, suggesting similar pattern in terms of crash risk across 
the REITs and the overall equity markets. Lastly, the response of RV is more persis-
tent in the REITs market during the unconventional periods, which should not come 
as a surprise given the importance of the jump-component in defining the RV pro-
cess, with the former being relatively strongly affected for REITs than the S&P500. 
In fact, Sundaresan (2023), motivated by the literature on inattention, developed a 
model to show that rare disaster risks mimicking crises episodes trigger persistent 
spikes in the process of uncertainty, i.e., volatility via jumps.13

13 In this model, agents choose whether and how to prepare for different possible states of the world 
by collecting information, but they also optimally ignore sufficiently unlikely events. Hence, the occur-
rence of such events does not resolve, but increases, uncertainty. With uncertain agents having dispersed 
beliefs, uncertainty begets uncertainty, and results in endogenous persistence.



 S. Wang et al.

1 3

Concluding remarks

In line with the current trend of “cleaner” high-frequency identification of mone-
tary policy shocks, and the usage of intraday data of asset prices, we provide, for 
the first time, a comprehensive analysis of the effects of monetary policy decisions 
on various moments of the US REITs market. Using 5-min interval intraday data 
to compute daily statistics namely, returns, realized variance (RV), realized jumps 
(RJ), realized skewness (RSK) and realized kurtosis (RKU) over the period of Sep-
tember 2008 to June 2021, we analyze the impact of “functional” monetary policy 
shocks. This, in turn, is captured by the movement of the entire term structure of 
interest rates on announcement dates, and in the process depict both conventional 
and unconventional monetary policy shocks, that the Fed undertook during our sam-
ple period. Once we obtain the shocks, a VAR model with functional shocks is then 
used empirically to estimate their effect on the movements of the REITs market.

In general, we tend to find that while the effects of conventional monetary policy 
shocks on the moments of REITs returns tend to align with existing economic theo-
ries, the same cannot be said about unconventional monetary policy shocks, espe-
cially from the experience during the GFC, with the REITs market tending to react 
based on the perception of the information the Fed was trying to convey through 
its policy decisions. However, investors seemed to have learned to respond more 
conventionally when looking at the unconventional monetary policy shocks during 
the recent COVID-19 episode. In addition, though the effects on returns and RV are 
short-lived, the effect on jumps, capturing sudden movements in the REITs market, 
is more persistent. Moreover, monetary policy shocks are also shown to affect the 
extreme behavior of the REITs through the impact on RSK and RKU. Furthermore, 
we tend to observe asymmetry in the impact of contractionary and expansionary 
monetary policies in terms of both magnitude and sign of the effect, which, in turn, 
are also contingent on the periods of analyses, i.e., during GFC, post-GFC, and in 
the COVID-19 phase. Finally, when we delve into a sectoral analysis, there is indeed 
heterogeneity in terms of the strength of the effect, but the sign of responses of the 
various moments aligns with those of the overall market following monetary policy 
shocks. The fact that monetary policy seems to be affecting the REITs market pri-
marily via RJ, especially during episodes of crises, and also shapes the tail risks of 
the US REITs market at both the aggregate and sectoral levels, should be valuable 
information to investors in their design of portfolios involving US REITs, which has 
grown exponentially as an asset class in the last decade.

Elaborating in this regard, we can point out that the nuanced insights derived 
from our analysis harbor potential utility for both institutional investors and 
active traders in the REITs market. Firstly, the asymmetrical and heteroge-
neous impacts of monetary policy shocks across different REITs sectors and 
through various moments of their returns, warrant meticulous scrutiny for con-
structing optimized investment strategies. For instance, our finding that mon-
etary policy shocks impact REITs primarily via RJ, especially during crisis 
episodes, can serve as a pivotal datum for investors to re-evaluate their risk 
exposure and hedging strategies. They could, for example, selectively allocate 
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assets to specific REITs sub-sectors that demonstrate resilience or lower sensi-
tivity to such shocks, thereby curating a portfolio that is potentially more insu-
lated against the vicissitudes of monetary policy fluctuations. The observed 
persistency in the effect on jumps implies that investors should remain cogni-
zant of lingering impacts and perhaps adapt a more conservative stance in their 
portfolio management following a policy shock, especially during financially 
tumultuous periods. This line of reasoning is further confirmed by the fact that 
driven by the relative dominance of jumps in the REITs market compared to the 
overall stock market, uncertainty in the former also tends to be more persistent 
during rare disaster events. Naturally, this suggests that investment in REITs 
is possibly a better portfolio option, or should carry higher weight, compared 
to the equity market when the economy is witnessing stability in terms of eco-
nomic performance. Risk is likely to be better spread across stock market sec-
tors rather than the REITs during crises.

Moreover, the detailed exploration of higher moments such as realized skew-
ness and kurtosis provides a prism through which investors can discern the prob-
ability and magnitude of extreme outcomes in the REITs market following mon-
etary policy alterations. Astute investors may exploit this information to tailor their 
investment strategies, perhaps utilizing derivatives (e.g., options) to hedge against 
adverse movements in REITs prices or to capitalize on anticipated market shifts. 
Indeed, discerning the implications of these higher moments is particularly ger-
mane for market participants engaging in sophisticated trading strategies that look 
beyond mere price movements, enveloping nuances of volatility and extreme value 
theory into their tactical decision-making processes. As for active traders, particu-
larly those employing quantitative or algorithmic trading strategies, understand-
ing the intricate relationship between REITs return moments and monetary policy 
shocks can be instrumental in fine-tuning their models. For example, they might 
integrate conditional trading rules or dynamic hedging strategies that are activated 
in the wake of a significant monetary policy announcement, thereby providing a 
mechanism to navigate through the ensuing market turbulence.

At the same time, our findings have important monetary policy implications 
in terms of the so-called “leaning against the wind” concept. The fact that con-
tractionary monetary policy, both conventional and more recently unconven-
tional in nature can negatively impact REITs returns by causing sudden big 
changes, i.e., jumps, implies that the Fed can in fact control bubbles that might 
be developing during normal times, especially since monetary policy decisions 
can impact the uncertainty and extreme behavior of REITs returns as well in 
terms of RV, RSK and RKU.

As REITs markets of other developed and emerging economies are strongly 
connected with the US (Ji et al., 2018; Lesame et al., 2021), as is their monetary 
policy decisions (Antonakakis et  al., 2019), it would be interesting to analyse 
the impact of the Fed’s decision on the moments of other international REITs 
markets. This, besides the country-specific impact of conventional and unconven-
tional monetary policy decisions on global REITs, would be interesting areas of 
future research.
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Fig. 15  Monthly average trading volume of FNAR

Appendix 1

Tables 5, 6, 7, 8, 9, 10, 11 and 12
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