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ABSTRACT KEYWORDS
This study examines shock transmission between U.S. and Asian REIT mar- Higher-order connectedness;
kets using a TVP-VAR time-frequency connectedness framework incorporat-  1P-VAR model; Asian

REITs; geopolitical risk;
economic policy
uncertainty; climate policy
uncertainty

ing higher-order moments (volatility, skewness, kurtosis) and uncertainty
factors—geopolitical risk (GPR), economic policy uncertainty (EPU), and cli-
mate policy uncertainty (CCPU). Analysis reveals a core-periphery structure
where the U.S. REIT index dominates Asian real estate dynamics. Major
events—the 2018 Sino-U.S. trade war, COVID-19 pandemic, 2022 geopolit- JEL CLASSIFICATIONS
ical tensions, and 2023 Israel-Hamas conflict—trigger pronounced connect- G2; G11; G14; G15
ivity spikes. Uncertainty factors exhibit bidirectional relationships with REIT

markets: GPR acts as an asymmetric risk source during geopolitical crises,

EPU transmits volatility shocks during the Chinese REIT crisis, whereas

CCPU primarily functions as a net recipient. Frequency analysis shows

returns exhibit short-term dominance, volatility demonstrates long-term

persistence, and kurtosis displays the highest long-term connectedness,

indicating tail risks propagate more systematically than asymmetric shocks.

Japanese and Chinese REIT indices emerge as consistently vulnerable to

external shocks due to structural factors including demographic pressures,

capital controls, and carry trade dynamics. Practical applications include
minimum-connectedness portfolio strategies reducing investment risk, with

Chinese indices serving as optimal hedging instruments. These findings

inform policy coordination mechanisms and dynamic risk management

strategies for investors and financial stability authorities monitoring sys-

temic risk transmission across global REIT networks.

Introduction

Real estate investment trusts (REITs) have emerged as a cornerstone of modern portfolio diversifi-
cation, offering investors liquid exposure to tangible property assets characterized by moderate
returns and relatively low risk (Armah & Amewu, 2024; Raheem et al., 2022). The global REIT mar-
ket has undergone rapid expansion, with U.S. REITs alone accounting for approximately $1.43 tril-
lion in equity market capitalization as of 2025 (REIT Industry Monthly Data for May 2025, 2025).
Despite their defensive characteristics, REIT markets have demonstrated significant vulnerability
during periods of global stress, exhibiting extreme co-movements that traditional mean-variance
frameworks fail to explain adequately.

The COVID-19 pandemic, the 2018 Sino-U.S. trade war, and the 2022 geopolitical tensions trig-
gered unprecedented synchronization across Asian and U.S. REIT markets, raising a critical ques-
tion: Why do seemingly diversified real estate markets move together during crises, and through what
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mechanisms do shocks propagate across borders? This puzzle is particularly salient for Asian REIT
markets, which have received relatively little scholarly attention despite their growing importance
in global real estate finance.

However, the Asian REIT landscape differs fundamentally from its U.S. counterpart in several criti-
cal dimensions. Asian REIT markets emerged two decades later, in 2001, with Japan and Singapore
serving as regional pioneers (Ooi et al., 2006). This maturity gap manifests in distinct regulatory
frameworks: Asian jurisdictions impose stricter leverage constraints, with average debt-to-asset
ratios of 44.2% in Japan, 35.6% in Singapore, and 26.2% in Hong Kong, compared to more flexible
U.S. standards (Zheng et al., 2020). Furthermore, Asian REIT markets exhibit heightened sensitivity
to macroeconomic shocks and government policy interventions, particularly in China where state-
led regulatory tightening has fundamentally reshaped market dynamics (Galloway, 2025; Loo et al.,
2016). The investor composition also diverges significantly, with certain Asian markets (notably
Singapore) demonstrating substantially higher retail participation rates relative to institutional
dominance in U.S. REIT markets. Yet, despite these fundamental differences, recent global crises
have revealed surprising synchronization patterns. These structural differences suggest that shock
transmission mechanisms documented in Western markets may not fully capture the unique inter-
connectedness patterns characterizing Asian REIT systems.

Traditional connectedness analysis rests on the implicit assumption that financial returns follow
normal distributions, focusing exclusively on the first and second moments (returns and volatility).
However, this approach overlooks a fundamental empirical reality: REIT returns systematically devi-
ate from normality, exhibiting negative skewness and excess kurtosis (Ledn et al., 2005). When
returns display negative skewness, the left tail of the distribution becomes more pronounced, sig-
naling a heightened probability of market depreciation rather than growth (Ledn et al., 2005).
Similarly, excess kurtosis increases the likelihood of extreme events beyond the predictions of nor-
mal distributions, implying that markets assign greater probability to tail events during periods of
stress.

This deviation is not merely a statistical curiosity—it carries profound economic implications.
Behavioral finance literature posits that investors exhibit loss aversion and reference-dependent
preferences, meaning they disproportionately weight downside risk relative to upside potential
(Kahneman & Tversky, 1979).

Theoretical literature establishes that higher-order moments become particularly salient during
crisis periods or regime changes (Fry-McKibbin et al., 2017). However, existing research on REIT
connectedness has largely neglected these dimensions, focusing predominantly on mean and vari-
ance spillovers. This omission is significant because traditional correlation-based measures may fail
to capture tail dependence and asymmetric risk transmission—phenomena that theoretical work
identifies as central to financial contagion during systemic crises (Fry-McKibbin et al, 2017).
Although correlation shifts remain a standard diagnostic for contagion (Forbes & Rigobon, 2002),
recent methodological advances demonstrate that higher-order connectedness can capture
regime-dependent transmission patterns that variance-based approaches overlook (Cui &
Maghyereh, 2024; Gao et al.,, 2024). By incorporating skewness and kurtosis into the connectedness
framework, this study tests whether tail-risk and asymmetric-risk spillovers exhibit distinct dynamics
compared to traditional volatility transmission—a dimension that remains largely unexplored in
REIT literature.

REITs operate with substantial leverage, typically maintaining debt-to-asset ratios of 40%-60% to
enhance returns. During periods of financial stress, this leverage amplifies volatility and tail-risk
transmission (Li, 2012). When property values decline, highly leveraged REITs face margin calls,
forced asset sales, and credit rating downgrades—mechanisms that generate fat-tailed return dis-
tributions and transmit kurtosis shocks across markets.

Behavioral finance literature suggests that security prices reflect not only economic fundamen-
tals but also noise factors such as investor sentiment, which strongly amplifies tail risks (Hadad
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et al.,, 2024). During crises, herding behavior intensifies as investors react to extreme downside risk
rather than fundamental valuation changes (Mensi et al, 2023). This sentiment-driven contagion
impacts skewness more profoundly than volatility because loss-averse investors disproportionately
weight the probability of extreme losses—a feature captured by negative skewness—compared to
symmetric volatility fluctuations. The behavioral foundation for this mechanism lies in Prospect
Theory: investors evaluate returns relative to reference points and exhibit loss aversion, making
them particularly sensitive to distributions with fat left tails (Kahneman & Tversky, 1979; Harvey &
Siddique, 1999). When such preferences prevail, asymmetric downside risk assessments become
correlated across markets, amplifying skewness spillovers.

REIT market illiquidity during crises generates fat-tailed distributions that propagate kurtosis
shocks. When markets experience stress, bid-ask spreads widen, trading volumes decline, and price
discovery mechanisms break down (Liu et al., 2023). These liquidity spirals produce extreme price
movements that manifest as excess kurtosis, transmitting tail risk across interconnected markets.
Statistical analysis confirms that REIT log-returns exhibit skewness and excess kurtosis with fat tails,
deviating significantly from normal distributions (Hu et al., 2024).

External uncertainty factors transmit shocks through channels that may differentially affect distri-
butional moments. Geopolitical risk (GPR) is associated with heightened market stress and extreme
return realizations during crisis periods (Caldara & lacoviello, 2022; Umar et al., 2023), suggesting a
plausible link to tail-risk propagation. Economic policy uncertainty (EPU) has been shown to ele-
vate conditional volatility in real estate markets (Baker et al, 2016; Bahlous-Boldi et al., 2025).
Climate policy uncertainty (CCPU) represents an emerging source of transition risk; although recent
evidence indicates it affects REIT volatility (Salisu et al., 2024), its potential impact on asymmetric
risks (skewness) or extreme-event probabilities (kurtosis) remains an open empirical question that
this study addresses. By examining connectedness across returns, volatility, skewness, and kurtosis,
we test whether these uncertainty factors transmit shocks differentially across distributional
moments—a dimension largely unexplored in prior REIT literature.

Guided by this theoretical framework, we address four explicit research questions:

1. Do higher-order moments (skewness, kurtosis) exhibit stronger connectedness than returns
and volatility in Asian REIT markets?

2. How does frequency-domain analysis reveal different transmission patterns for tail risk ver-
sus asymmetric risk?

3. How do uncertainty factors (GPR, EPU, CCPU) transmit shocks across different distributional
moments?

4. Can minimum-connectedness portfolios based on higher moments outperform traditional
diversification strategies?

This study contributes to the existing literature in five theoretically grounded ways:

First, we articulate three transmission channels (leverage, sentiment, and liquidity) through
which uncertainty factors affect different distributional moments. Drawing on behavioral finance
insights, we propose that investor preferences for skewness and aversion to tail risk explain why
higher-moment connectedness matters for REIT markets—specifically, because asymmetric and
extreme risks may be more salient to market participants than symmetric volatility fluctuations.

Second, we demonstrate that higher-moment connectedness captures crisis transmission more
effectively than correlation-based measures, extending contagion theory beyond the normality
assumptions that constrain traditional approaches (Forbes & Rigobon, 2002; Bekaert et al., 2014).
This addresses a key theoretical limitation of conventional financial contagion measures, which rely
on correlation shifts while overlooking skewness and kurtosis dynamics (Cui et al., 2024; Gao et al.,
2024).
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Third, we provide the first comprehensive higher-moment connectedness analysis of Asian REIT
markets, addressing a geographic gap in the literature. Most existing studies examine connected-
ness between European and U.S. REIT markets, whereas relatively few publications focus exclusively
on Asian real estate markets (Hu et al., 2024; Liu et al., 2023).

Fourth, we employ the GARCH-Skewness-Kurtosis methodology rather than realized measures,
thereby improving forward-looking portfolio construction (Cui et al., 2024; Gao et al., 2024; Ledn et
al., 2005). This approach offers three advantages: (1) it explicitly models the autoregressive struc-
ture of higher moments through statistically significant persistence parameters, capturing the
empirically documented phenomenon wherein days with high skewness or kurtosis are followed
by similar values (Ledn et al., 2005); (2) likelihood-based estimation provides greater statistical effi-
ciency in capturing volatility clustering (Andersen et al., 2013); and (3) it delivers superior out-of-
sample forecasting properties essential for dynamic portfolio construction.

Fifth, we demonstrate that volatility-based connectedness optimization outperforms traditional
minimum-variance approaches during crisis periods, with Chinese REITs serving as optimal hedging
instruments. This extends the bivariate portfolio approaches prevalent in existing literature
(Abdullah et al., 2023; Mensi et al., 2022) to multivariate, dynamic portfolio analysis with practical
value for investors.

Our empirical analysis reveals a core-periphery structure in the global REIT network, wherein the
U.S. REIT index serves as the dominant transmitter of shocks across returns, volatility, and kurtosis,
and Japanese, Chinese, and Hong Kong REIT indices act as consistent net receivers. This asymmetry
underscores the structural vulnerability of Asian real estate markets to U.S. monetary policy deci-
sions and global liquidity conditions.

Total Connectedness varies substantially across moments: kurtosis exhibits the highest level, fol-
lowed by returns, volatility, and skewness. This hierarchy confirms that tail risks propagate more
systematically than asymmetric shocks or symmetric volatility, validating our theoretical emphasis
on higher-moment analysis.

Frequency-domain decomposition reveals that returns exhibit short-term dominance, volatility
demonstrates long-term persistence, and kurtosis displays the highest long-term Connectedness.
This pattern suggests that extreme events have enduring effects on market interconnections,
requiring structural policy interventions rather than temporary liquidity provisions.

Uncertainty factors exhibit bidirectional, time-varying relationships with REIT markets. GPR acts
as a primary source of tail risk during geopolitical crises (notably the 2022 Russia-Ukraine conflict),
EPU transmits significant long-term volatility shocks, and CCPU primarily functions as a net receiver
with brief transmission spikes during major events.

The remainder of this paper proceeds as follows: “Literature Review” reviews the theoretical and
empirical literature on REIT connectedness and higher-moment asset pricing. “Methodology”
describes the GARCH-SK methodology and TVP-VAR frequency connectedness framework. “Results
presents the data and empirical results. “Conclusion” concludes with policy implications and
limitations.

”

Literature Review

The theoretical basis for examining higher-order connectedness rests on three pillars: behavioral
finance, contagion theory, and asset pricing. Prospect Theory posits that investors exhibit loss aver-
sion and reference-dependent preferences, disproportionately weighting downside risk relative to
upside potential (Kahneman & Tversky, 1979). This implies that negative skewness (fat left-hand
tails) is priced differently from symmetric volatility, as investors are more sensitive to the probabil-
ity of extreme losses. Contagion Theory distinguishes between interdependence and true conta-
gion, traditionally measured by correlation shifts (Forbes & Rigobon, 2002). However, recent
theoretical extensions argue that contagion during systemic crises is better captured by higher-
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order moments, as skewness and kurtosis shifts signal regime changes that variance-based meas-
ures fail to capture (Fry-McKibbin et al,, 2017). Finally, the Higher-Moment Asset Pricing literature
establishes that co-skewness and co-kurtosis are priced risk factors, particularly when returns devi-
ate from normality (Harvey & Siddique, 1999; Ledn et al., 2005). Together, these frameworks sug-
gest that shock transmission in REIT markets cannot be fully understood without analyzing the
dynamics of asymmetric and tail risks.

In recent years, the REIT market has attracted substantial scholarly attention for several reasons.
First, the market has exhibited rapid price dynamics; second, it has been shaped by the aftermath
of the 2007-2008 global financial crisis; and third, REITs offer moderate returns, high liquidity, and
relatively low risk, making them an effective instrument for portfolio diversification (Armah &
Amewu, 2024; Raheem et al., 2022). Growing investor interest in REITs is reflected in their rapidly
expanding market capitalization (EY Global Real Estate Report, 2016). This appeal is further rein-
forced by the accessibility of REIT investments to a broad investor base, as they require signifi-
cantly less capital than direct real estate investments (Fasanya & Oyewole, 2023).

Numerous studies have examined the characteristics of REIT returns and volatility (Abdullah
et al,, 2023; Annin et al., 2025; Danila, 2024; Lesame et al., 2021; Liow & Huang, 2017; Liow & Song,
2022; Periola-Fatunsin et al., 2021), yet others identify factors that influence REIT returns and vola-
tility (Salisu et al., 2024). Additional work focuses on specific markets, including the United States
(Bahlous-Boldi et al., 2025; Gholipour et al., 2021; Hadad et al., 2024; Sadhwani et al., 2019; Zhang
et al., 2023), Japan (Khan et al., 2025), and Hong Kong (Liu et al., 2023). Table 1 systematizes these
approaches, highlighting that although TVP-VAR models have become popular, few applications
incorporate frequency decomposition or higher-order moments.

A key open question concerns the extent to which U.S. REITs transmit shocks to Asian REIT mar-
kets. U.S. REITs represent the largest market globally and possess a longer historical trajectory than
their Asian counterparts. As of May 2025, the equity market capitalization of U.S. REITs stands at
approximately $1.43 trillion, with over 225 publicly traded REITs operating in the market (REIT
Industry Monthly Data for May 2025, 2025). Daily trading volumes for leading U.S. REITs regularly
exceed millions of shares, reflecting the sector’s high liquidity and global influence.

Another unresolved question concerns the identification of external shocks that exert long-term
and short-term effects on different types of REITs, including regional segments such as those in
Asia. This study addresses this gap by systematically analyzing the influence of global and regional

Table 1. Modern REIT connectedness analysis methods.

Articles

(Annin et al., 2025; Fasanya & Oyewole, 2023; Liow &
Huang, 2017; Liow & Song, 2022; Liu et al., 2023; Mensi
et al.,, 2022; Raheem et al., 2022; Tiwari et al., 2020;
Yousaf et al., 2024)

(Abdullah et al., 2023; Aharon et al., 2024; Armah & Amewu,
2024; Anwar & Raza, 2024; Bulut et al., 2025; Hadad
et al., 2024; Mensi et al.,, 2022; Tong et al., 2024; Yousaf
et al., 2024)

(Agyei, 2023; Bahlous-Boldi et al., 2025; Chen et al., 2024;
Hau et al,, 2025; Hu et al., 2024; Lesame et al., 2021;
Mensi et al., 2023; Ohikhuare & Oyewole, 2025;
Papathanasiou et al., 2024; Periola-Fatunsin et al., 2021;
Shah et al., 2025)

Methodology
VAR Connectedness (Diebold & Yilmaz, 2012)

QVAR Connectedness (Chatziantoniou et al., 2021)

TVP-VAR Time Connectedness (Antonakakis et al., 2020)

TVP-VAR Extended Joint Connectedness (Balcilar et al., 2021).

TVP-VAR Time - Frequency Connectedness (Barunik &
Krehlik, 2018; Chatziantoniou et al., 2021)
Other

(Zou et al., 2024)

(ljasan et al.,, 2021; Liow & Song, 2022; Nassili et al., 2023;
Tiwari et al., 2020)

(Hui & Wang, 2018; Odusami & Akinsomi, 2024; Sakarya
et al.,, 2024; Zeng, 2024)

Source: Author's own work.
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shocks on Asian REITs, offering new insights into the heterogeneity of shock-transmission mecha-
nisms across REIT markets.

Finally, viewing REITs as a defensive asset class draws attention to their interconnections with
other asset classes, particularly during periods of shock and rising uncertainty. Open questions
remain regarding how different REITs behave during crisis episodes and which markets act as
transmitters of shocks to other REITs.

The emergence of global risks—such as international financial crises, public health emergencies,
climate change, and military conflicts—has given rise to a range of uncertainty factors, including
climate policy uncertainty, economic policy uncertainty, and geopolitical instability. Consequently,
the impact of systemic risks on commodity and financial markets has become a prominent topic of
scientific debate. Several studies document the significant influence of global events—such as the
onset of the U.S.—China trade war, the COVID-19 pandemic, and ongoing military conflicts, includ-
ing the Russo-Ukrainian and Israeli-Palestinian conflicts—on financial market dynamics (Fasanya &
Oyewole, 2023; Mensi et al., 2023; Umar et al., 2023). These factors contribute to pronounced price
volatility in international markets and facilitate cross-market risk transmission (Chen et al., 2024).
Evidence indicates that geopolitical risk, economic uncertainty, and climate change substantially
affect portfolio management and cross-diversification of financial assets, including REITs (Ohikhuare
& Oyewole, 2025). As global integration has deepened, financial markets have become highly inter-
connected, prompting investors and researchers to examine interdependencies and spillover
effects across markets to identify new opportunities for hedging and risk mitigation, particularly
within REITs (Chen et al., 2024; Liu et al., 2023).

Table 2 summarizes research assessing the impact of uncertainty factors on global and regional
REIT markets. Abbreviation explanations are provided in the glossary in Appendix 1.

Notably, climate policy uncertainty has emerged as a structural force affecting the real estate
sector through regulatory shocks, physical damage, and transition risks. These developments raise
important questions regarding the role of economic instability, geopolitical risk, and climate
change in shaping REIT performance (Akinsomi, 2021; Armah & Amewu, 2024; Bossman et al.,
2022). Recent evidence further complicates this relationship: Piao and Mei (2025) find that
although green bonds and asset-backed securities enhance corporate profitability among Chinese
issuers, green REITs generate no significant return premium over conventional counterparts despite
strong ESG rating effects. This divergence suggests that climate-related financial innovations
have yet to effectively insulate China’s real estate sector from climate policy uncertainty shocks—
potentially explaining why Chinese REITs consistently emerge as net receivers of spillovers in con-
nectedness analyses during periods of heightened CCPU. Within the Chinese context, Che et al.
(2023) demonstrate that geopolitical risk shocks exert more significant direct effects on financial
cycles than economic policy uncertainty, with EPU impacts operating primarily indirectly through
GPR channels.

Despite the importance of the studies reviewed above, prior work underestimates asymmetric
and tail dependence across markets—namely, the co-movement of assets during extreme events—
and the role of geopolitical risks and climatic or economic uncertainty in shaping these relation-
ships. This study addresses three theoretically motivated gaps:

Theoretical Gap: Existing connectedness research largely bypasses higher-order moments, focus-
ing instead on mean and variance spillovers. This omission is critical because traditional correl-
ation-based measures may overlook tail dependence and asymmetric risk transmission—
phenomena that theoretical work suggests are central to financial contagion during systemic crises
(Fry-McKibbin et al., 2017). By incorporating skewness and kurtosis, we test whether tail-risk and
asymmetric-risk spillovers exhibit distinct dynamics from traditional volatility transmission.

Empirical Gap: Most studies examine connectedness between European and U.S. REIT markets,
whereas relatively few publications focus exclusively on Asian real estate markets (Hu et al., 2024;
Liu et al., 2023; Periola-Fatunsin et al,, 2021; Piao & Mei, 2023). We address this by analyzing all
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Study

Approach

Factors

Markets

Results

(Raheem et al.,
2022)

(Fasanya &
Oyewole, 2023)

(Zou et al., 2024)
(Bahlous-Boldi
et al., 2025)

(Gholipour et al.,
2021)

(Sadhwani et al.,
2019)

(Zhang et al., 2023)

(Khan et al., 2025)

(Armah & Amewu,
2024)

(Hadad et al., 2024)

(Liu et al., 2023)

(Ohikhuare &
Oyewole, 2025)

(Sarker & Chen,
2025)
(Mensi et al., 2023)

(Bulut et al., 2025).
(Umar et al., 2023)

VAR

VAR

EJC

TC

VAR

OoLS

OoLS

cQ

QVAR

QVAR

VAR

EJC, QC

QARDL

TC

QVAR
wC

EPU

EPU

EPU

EPU

EU

EPU

EPU

EPU

OFR_FSI

Stock market and
Home purchase
Sentiment

VIX

GPR, CPU, EPU

CPU, EPU

GPR

GPR
GPR

14 countries

18 countries

USA

USA

USA

USA

Japan

America,
Europe, Asia

USA

Hong Kong

G7 REIT Markets

USA

G7 REITs

Connectedness between REITs and EPU
was stronger around the lower and
middle quantiles

Connectedness between REITs and EPU
was stronger around the lower and
median quantiles

High connectivity between EPU and REIT
markets

EPU generally functioned as a net
receiver of spillovers from REITs.
Disruptions in REIT markets contributed
to policy uncertainties during crises

Increase in uncertainty led to a significant
drop in the REITs Index

Change in EPU had a positive relationship
with volatility and a negative one with
REIT returns. News coverage was the
most influential

Positive shock in EPU decreased REIT
returns but predicted higher positive
future returns. News coverage was the
most influential

EPU positively impacted REITs in normal
and bullish conditions and negatively
in bearish conditions

At the upper quantile OFR_FSI was a
major risk transmitter for Europe and
America

REITs were net receivers at the median
but net transmitters at extreme
quantiles; stock market sentiment
transmitted shocks during normal
conditions and received shocks in
highly bullish markets. Home purchase
sent. became transmitter after 2021

HK REITs received spillovers from stock
market and Real Estate, VIX index
drove the risk contagion effect of HK
REITs

CPU affected G7 REITs connectedness
positively in bearish conditions and
negatively in normal market conditions
EPU consistently positively impacted
TCl, GPR consistently negatively
impacted TCl

CPU, EPU impacted REIT returns in the
short and long term

Japan and ltaly REITs received spillovers
from US and UK before and during
CovID-19

CDS influenced REITs more than GPR

GPR negatively affected REIT returns

Source: Author's own work.

notable Asian REIT markets (China, Hong Kong, Singapore, Japan) under different uncertainty
circumstances. Although the impact of EPU and GPR on REITs has been extensively examined
(Table 2), the use of CCPU in relation to REITs has been limited to a few studies (Ohikhuare &
Oyewole, 2025; Sarker & Chen, 2025). Furthermore, no existing research examines frequency-
domain connectedness for these factors alongside higher-order moments.
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Methodological Gap: In most studies, realized skewness and kurtosis indicators are used to obtain
higher-order series (Hanif et al., 2025; Mensi et al., 2024; Nekhili et al., 2024; Zhang et al., 2023) or
ex-post measures (Cui & Maghyereh, 2023; Yan, 2024). This study proposes a model-based con-
struction of skewness and kurtosis series using the GARCH-Skewness-Kurtosis methodology, as in
Cui et al. (2024) and Gao et al. (2024). This approach offers superior out-of-sample forecasting
properties essential for dynamic portfolio construction compared to realized measures.

To demonstrate the practical relevance of the study, a multivariate Minimum-Connectedness
Portfolio is constructed based on the proposed models. This enables an assessment of whether
higher-order connectedness improves portfolio performance beyond traditional bivariate
approaches implemented in Abdullah et al. (2023), Mensi et al. (2022), Papathanasiou et al. (2024),
and Aharon et al. (2024) using the methodology of Kroner and Ng (1998). The comprehensive
approach, which includes the selection of relevant factors, a focus on REIT markets, and the applica-
tion of advanced methodological tools, ensures the scientific novelty and relevance of this work.

Methodology
GARCH-Skewness-Kurtosis

The GARCH-Skewness-Kurtosis (GARCH-SK) model is a type of GARCH specification that captures
time-varying volatility, skewness, and kurtosis. Len et al. (2005) proposed this model as an
improvement over constant skewness and kurtosis specifications in terms of estimation accuracy.
The use of GARCH-SK is motivated primarily by the lack of normality in financial market returns,
particularly equity returns, which often exhibit negative skewness and excess kurtosis (Ledn et al.,
2005).

In this study, higher-order spillovers serve as measures of asymmetric risk and tail behavior,
where negative (left) skewness indicates an elevated probability of market decline, and positive
(right) skewness signals potential market growth. Kurtosis serves as a measure of the likelihood of
extreme events, consistent with Gao et al. (2024). Specifically, excess kurtosis (the fourth moment)
increases the probability of extreme values relative to a normal distribution, implying that the mar-
ket assigns greater likelihood to tail events (Ledn et al., 2005). The presence of negative skewness
(the third moment) results in a more pronounced left tail of the distribution, suggesting that the
market anticipates depreciation rather than growth (Ledn et al., 2005). The equation system defin-
ing the GARCH-SK model is presented next.

re = a1l + &

he = Bo + :Blg?—1 + Bahi
St = Yo+ V1lli-y + V25t
ke = o + 01 11?,1 + 02ki—1

m

The first line represents the mean equation, defined as an AR(1) process without a constant (o).
The second equation specifies conditional variance, consisting of a constant term (f,), a lag of
squared errors (), and a lag of variance itself (f8,). A significant 3, indicates volatility persistence,
whereby high conditional variance tends to be followed by high conditional variance, confirming
time-varying conditional variance in the series. The third equation specifies conditional skewness,
consisting of a constant term (y,), a lag of standardized residual cubed (y,), and a lag of skewness
(y2). The fourth equation specifies conditional kurtosis, consisting of a constant term (d,), a lag of
standardized residuals to the fourth power (J,), and a lag of kurtosis itself (J,). In the skewness
(kurtosis) equation, positive and significant 7, (d,) implies that days with high skewness (kurtosis)
are followed by days with similarly high skewness (kurtosis). Model estimations are performed
using a Gram-Charlier series expansion of the normal density function, following the approach of
Gallant and Tauchen (1989).
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Frequency Connectedness TVP-VAR

A new measure of TVP-VAR Connecteness by Chatziantoniou et al. (2021) is used. It combines pre-
vious variants of Barunik and Krehlik (2018) and Antonakakis et al. (2020).

Below is the description of TVP-VAR Time Connectedness model without frequency decompos-
ition, modified by Antonakakis et al. (2020). It is based on Diebold and Yilmaz (2012) measures of
connectedness and TVP-VAR model of Koop and Korobilis (2014). TVP-VAR (p) model can be
described as:

Vi = Oreyrr + Poems + .. + PprYip + 61,60 ~ N(0, Z) (2)

where y, u & - are N x 1 vectors, Z; is N x N covariance matrix of time varying coefficients,
®;,i=1,..,p are Nx N time varying VAR coefficients. With the matrix lag-polynomial ®(L) =
[In — ®q¢L — ... — ®pLP] and the Wold representation theorem, stationary TVP-VAR process can be
rewritten in terms of TVP-VMA(co): xt = W(L)e where ®(L) = [¥(L)]™". As W(L) accounts for infin-
ite number of lags, it is extracted from computed ¥, for h = 1, ..., H horizons (Huang et al., 2023).

With TVP-VMA coefficients W}, Generalized Forecast Error Variance Decomposition (GFEVD) can
be computed - it represents the efffect of shock of variable j to variable i in terms of forecast error
variance. Thus, connectedness can be presented as:

) ()

Gy
" Z;’:O(Thzf'{%)n 3)
- Gye(H)
Cie(H) = =" — o~
TSN ClH)

where C’ijt(H) is contribution of j-th variable to the variance of forecast error of i-th variable at horizon
of H periods. With row normalization for Cjz(H) we get Zf’ﬂ Cijt(H) = 1 and ZjN:] Zf’ﬂ Cit(H) = N.
Given previous two equations, following connectedness measures can be computed:
Net pairwise directional connectedness:

NPDCje(H) = Cje(H) = Cji(H) @)
Means variable j impacts i more (less) than the opposite NPDCj(H) > (<)0.

Net directional connectedness to others:

N
TOi(H) = Y Cju(H) 5)

=T

£

Measures how shock of variable i impacts other factors j.
Net directional connectedness from others:

N
FROM;(H) = " C(H) ©)
J=10/=
Measures how shocks of other factors j impact variable i.
NET directional connectedness:

NET;¢(H) = TO;(H) — FROM;(H) @)

Reflects the difference between total directional connectedness to others TO;(H) and total direc-
tional connectedness from others FROM;:(H), it can be interpreted as net influence variable i has
on the transmission of shocks in the system. Factor is traded as net transmitter (receiver) if
NET(H) > (<)0, so factor i influences other factors j more (less) than they influence it (Huang
et al,, 2023).
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Total averaged connectedness index:

N N
TACI(H) = N7 Z TOIt(H) — N Z FROM;+(H) 8)
i=1 i=1

It shows the averaged impact of shock in one variable to the others, measuring the degree of
interconnectedness in the system and market risk (Chatziantoniou et al., 2021).

Combination of TVP-VAR connectedness concept and spectral decomposition, proposed by
Barunik and Krehlik (2018), allows for analysis of connectedness between variables in frequency
domain. We define frequency response functtion as W(e™) = 37° e "W}, where i = /=1 and
o is a frequency for spectral density y;. Spectral density of y; at frequency w is defined as Fourier
transformation of the TVP-VMA(oco) model:

Sy(w) _ Z E(yty;,h)eiiwh _ \P(e—iwh)zt\P/(eiwh) 9)
h=—c
Thus, frequency generalized forecast error variance decomposition—a combination of spectral
density and standard GFEVD, can be computed as:
. . 2
(0, )Z;;O(T(e-'wh)zr),ﬁ
Z;O:O(\.Ij(e—imh)Zt\.IJ’<eiwh ))i/'

éijr(w) - C’ﬂi(w)

Zﬁgcfﬁ(w)
All frequencies are then aggregated within a range of interest, éijr(d) = j: ém(w)dw, where d =
(a,b):a,bc (—m, m),a < b. It is now possible to calculate connectedness measures in a frequency
range d.

Cje(w) =

(10)

NPDCjr(d) = Cye(d) — Cjie(d)
N
TOw(d) = Z Ciir(d)
=01

N
FROM;(d) = " Cy(d) (1
J=1i/=i
NET;:(d) = TO;:(d) — FROM;(d)

N N
TACl(d) = N ZTOit(d) -N" ZFROMit(d)
i=1

i=1
and also:

CN(H) =) " CN(d) 12)
d
where CN() = [NPDC, TO, FROM, NET, TACI] are all connectedness measures, showing that aggre-
gated connectedness on all frequencies equals the corresponding connectedness in the time
domain (Huang et al., 2023).

TVP-VAR Frequency Connectedness allows for the decomposition of connectedness between
factors into long-run and short-run components. The methodology is based on the work of
Chatziantoniou et al. (2021), which combines the approaches of Barunik and Krehlik (2018) and
Antonakakis et al. (2020), who implemented frequency analysis within the connectedness frame-
work. These latter works are, in turn, based on the TVP-VAR connectedness methodology of
Diebold and Yilmaz (2012), Diebold and Yilmaz (2014) and Koop and Korobilis (2014). The TVP-VAR
framework offers several advantages compared to rolling-window VAR: (1) no need to choose an
arbitrary rolling window; (2) no loss of observations due to rolling-window constraints; and (3) no
sensitivity to outliers in parameter estimation (Chatziantoniou et al, 2021). When the high-
frequency band defines connectedness in the system, this indicates that markets process
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information rapidly—within one day in our particular case. Shocks propagate through the network
in the short run, implying that echoes of previous shocks are not strong enough to surpass the
impact of current shocks. Conversely, when the low-frequency band defines most of the connect-
edness in the system, this likely reflects shocks that occurred in the recent past (in our case, 10
days or more ago) but became observable only at the present moment.

Following Gao et al. (2024) and Cui et al. (2024), we estimate separate TVP-VAR systems for each
moment to isolate specific risk transmission channels and maintain model stability given the com-
putational constraints of time-varying parameter estimation.

Minimum Variance Portfolio

The Minimum Variance Portfolio (MVP) serves as the standard benchmark in modern portfolio the-
ory, originating from the seminal work of Markowitz (1952). The core premise of the MVP is to
minimize portfolio risk, measured as variance, without targeting specific expected returns. In this
study, MVP weights are calculated dynamically using the time-varying conditional variance-covari-
ance matrix derived from the TVP-VAR framework. This allows the portfolio to adapt to changing
market conditions, such as the volatility clustering observed in REIT markets during crisis periods.
The weights are computed as follows:

S
ST 1
t

t
where WZ is kx1 portfolio weight vector, I is the k-dimensional unit vector, >, is the kxk condi-

t
tional variance-covariance matrix for period t within the TVP-VAR framework. Although the MVP is
widely used for its simplicity and historical performance, it has notable limitations. Michaud (1989)
highlights that MVP optimization is highly sensitive to estimation errors in the covariance matrix,
often leading to extreme weight allocations (“error maximization”). Despite this limitation, the MVP
remains a standard comparative benchmark to assess whether advanced connectedness-based
strategies offer superior risk-adjusted performance.

Minimum Correlation Portfolio

The Minimum Correlation Portfolio (MCP) approach, proposed by Christoffersen et al. (2014), pro-
vides an alternative diversification strategy that focuses on the dependence structure between
assets rather than variance magnitudes. The underlying intuition posits that portfolio risk reduction
is driven predominantly by low correlations among assets; thus, minimizing average pairwise cor-
relation can enhance diversification benefits even when individual asset volatilities are high. This
consideration is particularly pertinent for REIT markets, where assets may exhibit similar volatility
levels but exhibit significantly different co-movement patterns during systemic shocks.

Unlike the MVP, which may concentrate weights in low-volatility assets that are highly corre-
lated, the MCP explicitly penalizes high correlation structures. This renders the MCP more robust
to estimation errors in variances, as correlation matrices are generally more temporally stable than
covariance matrices.

The dynamic correlation matrix R; is derived from the conditional variance-covariance matrix
(>=) as follows:

R = diag (Z > o 3" diag (Z ) 0 (14)
t t t
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The portfolio weights are then calculated based on the inverse of the correlation matrix:

_ R
TR

7 (15)

where, R; is the kxk conditional correlation matrix. Using the TVP-VAR framework, this study cap-
tures the time-varying nature of correlations, enabling the MCP to adjust to regime shifts such as
market decoupling during geopolitical crises or correlation convergence during financial panics.
The MCP improves upon the variance-only focus of the MVP, but it does not account for the direc-
tionality of shock transmission (connectedness), which limits its effectiveness in managing systemic
risk propagation—a gap addressed by the Minimum Connectedness Portfolio in the following
section.

Minimum Connectedness Portfolio

The Minimum Connectedness Portfolio (MCoP) addresses a critical limitation of traditional portfolio
optimization: systemic risk transmission through interconnectedness channels. Conventional
approaches focus on variance-covariance structures, and the MCoP framework recognizes that
portfolio vulnerability depends not only on individual asset volatilities but also critically on the
strength of spillover pathways between assets (Broadstock et al., 2022).

Minimizing connectedness serves as a complementary risk management dimension that enhan-
ces resilience during systemic stress. During financial crises, asset correlations often converge to
unity, rendering traditional diversification ineffective. The MCoP approach mitigates this by target-
ing the structural connections that facilitate shock propagation rather than focusing solely on indi-
vidual asset volatility.

The MCoP extends rather than replaces Markowitz optimization by incorporating network struc-
ture into risk assessment. Whereas traditional approaches measure risk through volatilities and
pairwise correlations, the MCoP framework recognizes that risk transmission through connected-
ness channels represents a distinct source of portfolio vulnerability requiring specific management
strategies.

Assets functioning as major shock transmitters or receivers receive lower weights, yet those with
limited interconnectedness receive higher allocations. This creates portfolios inherently less vulner-
able to system-wide disruptions (Broadstock et al., 2022).

Weights are computed as follows:

~PCIY
“pciY

Wht (16)

where PCl; is a pairvise connectedness matrix, and / stands for identity matrix (Broadstock et al.,
2022).
Hedging effectiveness is given by:

Var
HE=1- i , (17)
Var (y unhedged)

where Var(yp) represents the variance of the portfolio returns, Var(yunhedged)—the variance of the
unhedged asset. HE can be interpreted as percentage decrease in variance of unhedged position.
The higher the HE, the lower the risk and vice versa (Broadstock et al., 2022). Pairwise connected-
ness indices (PCl) are employed for portfolio construction.



JOURNAL OF REAL ESTATE PORTFOLIO MANAGEMENT e 13

Portfolio Evaluation
As a measure of portfolio comparison alongside HE we utilize Sharpe ratio as in Ustaoglu (2025):

SR=——P (18)
var(rp)
where T, is the return of the portfolio and  /var(rp) is the risk of the portfolio. Risk free rate is
assumed zero for simplicity. Higher SR means that the return on the investment is higher relative
to its risk. The Sharpe ratio enables investors to evaluate portfolio performance by comparing
excess returns per unit of risk, facilitating identification of the most efficient risk-return profiles
across strategies.

Results
Data and Descriptive Statistics

For the empirical analysis, a dataset with daily observations from September 2016 to December
2023 for nine series is used, grouped into two categories: REIT indices and uncertainty factors.
Table 3 describes the data used.

SPC300 is a Chinese REIT index denominated in CNY, HSREIT is a Hong Kong Real Estate Index
in HKD, TREIT (Tokyo Stock Exchange REIT) is a Japanese Real Estate Index in JPY, DJUSRI (Dow
Jones Real Estate Investment Trusts) is traded in USD, FTENHP is an Asia-Pacific Real Estate Index
in EUR, and SGXREIT—the iEdge S-REIT Index—is regarded as Singapore’s S-REIT benchmark
denominated in SGD. The Geopolitical Risk Index, proposed by Caldara and lacoviello (2022), is
widely used across studies in financial markets. The Economic Policy Uncertainty index (EPU) is
based on news articles from the Access World News database, with only U.S. newspapers used to
construct the index (Baker et al., 2016). The China Climate Policy Uncertainty index (CCPU) is based
on the sentiment of 12 popular local newspapers (Ma et al., 2023).

The initial series are depicted in Figure 1; variables were scaled differently for better
comparability.

The onset of China-U.S. economic tensions in 2018 initially had a positive effect on the returns
of Asian REIT indices, but this effect soon reversed. For U.S. REITs, the tensions resulted in a
marked decrease in returns. The COVID-19 pandemic was the most significant shock to REIT
returns, triggering a sharp decline in their dynamics. The Evergrande default (Chinese REIT crisis)

Table 3. Selected uncertainty factors and REIT indices.

Symbol Selected indices and factors Source

SPC300 S&P China A 300 Equity Real Estate Investment Trusts https://seekingalpha.com/symbol/
SPC30060:IND/historical-price-quotes

HSREIT HS Reit https://www.investing.com/
indices/hs-reit-historical-data

TREIT Tokyo Stock Exchange REIT https://www.investing.com/
indices/topix-reit-market-components

DJUSRI Dow Jones Real Estate Investment Trusts https:/ru.investing.com/indices/
dj-global-select-real-estate-historical-data

FTENHP FTSE EPRA Nareit Asia Pacific Real Estate Index https://www.investing.com/indices/ftse-
epra-nareit-asia-pacific-historical-data

SGXREIT iEdge S-REIT Leaders Index https://www.sgx.com/indices/products/sreitlsp

GPR Geopolitical Risk (GPR) Index https://www.matteoiacoviello.com/
gpr.htm

EPU US Daily News Index https://www.policyuncertainty.com
/us_monthly.html

CCPU China Climate Policy Uncertainty https://figshare.com/articles/software/codes_for

_MacBERT_model/24071250/3?file = 42230694

Source: Author’s own work.
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Figure 1. Initial data graphics.

Two vertically stacked time series charts for 2017-2024. The top chart displays six REIT indices (DJUSRI, FTENHP, HSREIT,
SGXREIT, SPC300, TREIT) with distinct colors and vertical dashed lines marking major events: D. Trump Election (2017), Trade
War Start (2018), CARES Act (2020), Evergrande crisis (2022), Ukraine Invasion (2022), Fed 75bps Hike (2022), G20 Summit
(2023), and lIsrael-Hamas conflict (2024). The bottom chart shows three uncertainty indices (GPR in red, EPU in blue, CCPU in
green) overlaid with the same event markers. REIT indices exhibit pronounced declines during COVID-19 and geopolitical shocks,
but uncertainty indices spike sharply at crisis dates, particularly during the pandemic and Ukraine invasion.

Source: Author’s own work.



Table 4. Descriptive statistics of return series.
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SPC300 HSREIT TREIT DJUSRI SGXREIT FTENHP GPR EPU CCPU
min —0.092 -0.079 —-0.185 -0.176 —0.101 —0.080 —0.805 —0.890 —0.835
max 0.091 0.073 0.128 0.086 0.091 0.080 9.432 8.767 8.185
mean 0.000 0.000 0.000 0.000 0.000 0.000 0.096 0.153 0.051
med. —0.001 0.000 0.000 0.001 0.000 0.000 0.003 —-0.010 0.002
sd 0.018 0.010 0.011 0.014 0.009 0.009 0.538 0.735 0.408
kurt. 3.214 7.946 67.953 23.087 24.990 11.574 53.476 22.924 101.389
skew. 0.473 0.019 —1.509 -1.239 —0.483 —0.204 4.310 3.531 6.769
JB st. 889.852 4999579 366123.569 42671.876 49498.677 10618.260 232178.296 45536.186 827922.934
JB p-val. <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
ADF st. -13.181  —11.395 -13.112 —12.568 —11.897 —12.332 —12.454 —-10.875 —13.098
ADF p-val. 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
KPSS st. 0.157 0.251 0.036 0.032 0.069 0.103 0.479 1.244 0.070
KPSS p-val. 0.100 0.100 0.100 0.100 0.100 0.100 0.046 0.010 0.100
LB st. 23.005 64.288 208.944 164.455 206.813 38.081 185.195 192.058 128.287
LB p-val. 0.237  <0.001 <0.001 <0.001 <0.001 0.006 <0.001 <0.001 <0.001

Source: Author’'s own work.

was observed in the Hong Kong and U.S. markets, though the Chinese index SPC300 also experi-
enced a notable decline. The Russian military operation in Ukraine caused a pronounced decrease
in the dynamics of SPC300, HSREIT, and TREIT, and other REIT indices remained largely resilient.
The Federal Reserve’s 75bps rate hike (REIT valuation shock) negatively impacted most REITs.
Israel-Hamas tensions aligned with a negative reversal in the dynamics of DJUSRI, HSREIT, and
SGXREIT.

All series were transformed to returns due to absence of stationarity. In TVP-VAR models, statio-
narity is assumed, and the series must be integrated of the same order; otherwise, a VECM is
appropriate. To achieve stationarity, a formula of returns r; :% was used. Table 4 presents
descriptive statistics of return series.

Mean values are near zero for most series. All REIT series exhibit negative skewness, whereas the
three uncertainty factors display strong positive skewness. All series demonstrate leptokurtic distri-
butions with sharp peaks (kurtosis > 3). According to Jarque-Bera test results, the normality
hypothesis is rejected for all series. Both ADF and KPSS tests confirm that all returns are stationary.
The Ljung-Box test indicates the presence of autocorrelation, which justifies the use of the TVP-
VAR model. For most series, density plots reveal pronounced peaks and visible skewness, further
evidencing the non-normality of the data and supporting the analysis of higher-order moments.
The correlation matrix (Table 5) shows moderate correlations (0.52-0.63) among SGXREIT, TREIT,
and FTENHP, whereas correlations among other factors remain below 0.5.

The final sample covers the period from September 26, 2016, to December 29, 2023, comprising
1,895 daily observations.

An AR(1) model is estimated for the stationary return series to obtain residuals, which are then
used to estimate the GARCH-SK model parameters and derive the volatility, skewness, and kurtosis
series for REIT returns. To further validate the specification, the Ljung-Box test is applied to the
AR(1) residuals, their squares, and their third and fourth powers (Table 6). When the test is applied
to ARMA(p,q) models, seminal works recommend using p +q degrees of freedom (Box & Pierce,
1970; Harvey & Fernandes, 1989; Ljung & Box, 1978). A standard lag length of 20 is commonly
employed (e.g., Asl et al., 2021; Huyen et al., 2023; Nham, 2022). The AR order for the TVP-VAR
model is selected using the AIC. The maximum AlC-selected lag is four for the returns model and
five for the remaining three models. The maximum value (five) is therefore adopted for consistency
across all specifications. Four TVP-VAR frequency connectedness models are then constructed—
one for each system: returns, volatility, skewness, and kurtosis.

For most factors, the Ljung-Box test on raw AR(1) residuals yields p-values below the 0.05
threshold, indicating residual autocorrelation and suggesting that the AR(1) mean specification is
not optimal. However, the primary objective of this stage is not mean equation refinement but
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Table 5. Correlation of return series.

SPC300 HSREIT TREIT DJUSRI SGXREIT FTENHP GPR EPU CCPU
SPC300 1 0.30 0.1 0.07 0.21 041 —0.00 —0.03 —-0.01
HSREIT - 1 0.27 0.18 0.52 0.58 —-0.02 —-0.05 0.01
TREIT - - 1 0.17 0.47 0.59 0.02 —-0.01 -0.01
DJUSRI - - - 1 0.29 0.22 0.05 —-0.03 0.00
SGXREIT - - - - 1 0.63 —0.02 —0.04 —-0.05
FTENHP - - - - - 1 —-0.01 —0.04 -0.02
GPR - - - - - - 1 0.01 0.00
EPU - - - - - - - 1 —-0.01
CCPU - - - - - - - - 1

Source: Author’s own work.

Table 6. LB(20) test results for AR(1) residuals.

LB (20) - et LB (20) - e2t LB (20) - e3t LB (20) - e4t
SPC300 23.005 179.717%*%* 33.917*% 62.014
HSREIT 35.245%* 842.767*** 12.844 41.445%%*
TREIT 123.571%+* 1890.080*** 182.378*** 168.175%**
DJUSRI 137.826*** 2100.286™** 379.616%** 137.564%**
SGXREIT 171.870%** 3655.188%** 523.579%** 1148.688***
FTENHP 21.771 2543.236%** 398.522%** 1372.448%**
GPR 80.789*** 10.182 0.563 0.038
EPU 89.007#** 34.248* 9.585 2.149
CCPU 25.042 7.112 0.216 0.029

Note: Significance levels: *** p < 0.001, ** p <0.01, * p < 0.05, () p <0.10.
Source: Author’s own work.

rather the detection of time-varying higher moments. The Ljung—Box statistics for squared, cubed,
and fourth-power residuals (azt, a3t, 84t) are substantial with low p-values for most REIT indices, con-
firming significant serial correlation in higher-order moments. This pattern indicates the presence
of time-varying volatility, skewness, and kurtosis, which validates the application of the GARCH-SK
model (Ledn et al,, 2005). In essence, although the mean equation may exhibit some misspecifica-
tion, the critical requirement for GARCH-SK estimation—autoregressive structure in higher
moments—is satisfied. Model parameters are presented in Table 7.

The error terms (&, &.1, &—2 ...) follow a distribution based on the Gram-Charlier series expan-
sion. Models were estimated by maximum likelihood (ML) via the Berndt-Hall-Hausman algorithm;
p-values for quasi-maximum likelihood are displayed in parentheses (Ledn et al., 2005). The coeffi-
cient o, in the mean equation was statistically significant in six of the nine models, as indicated by
low p-values. Constants f, (in the volatility equation) were insignificant in all cases. Coefficient f,
(first-order autoregressive lag for volatility) was significant across all models except EPU. A positive
and significant f, indicates volatility persistence, whereby high conditional variance tends to be
followed by high conditional variance, confirming time-varying conditional variance in all series. In
the conditional skewness and kurtosis equations, the coefficients y, and J, were positive and sig-
nificant, implying that days with high skewness or kurtosis are followed by days with similarly high
values. These findings support a time-varying structure in higher moments across the analyzed ser-
ies. Autocorrelation in the variables motivates the use of the TVP-VAR model, which accommodates
time variation in variance and covariance (Balcilar et al., 2021). The Ljung-Box test (Table 6) con-
firms the presence of autocorrelation, supporting the appropriateness of the TVP-VAR specification.

Averaged Connectedness Results

Table 8 presents the average connectedness measures for returns, volatility, skewness, and kurtosis
without frequency decomposition. Averaged Connectedness corresponds to the TVP-VAR model
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Table 7. Coefficients and p-value for GARCH-SK models.

SPC300 HSREIT TREIT DJUSRI SGXREIT FTENHP GPR EPU CCPU

ol —0.005 0.133%*%  0.474%** 0.024 0.055%* 0.028 ()  —0.318%** —(0.325%** _(0.484%**
po 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.076***  0.025
p1 0.053** 0.010 0.022 0.108*** 0.009 0.027 0.169*** 0.019 0.324%%*
p2 0.922°FF%  0,922%%*  (,933%** 0.881*F**  0.931%%F  (0.854%F*  (0.768*%**  0.809***  (0.573%**
0 0.043* —0.001 0.051** —0.120%**  —0.055%* —0.032 (.) 0.261%%*  —0.012 0.017
71 0.006 —0.002 0.204***  —0.005 0.064*** 0,001 —0.024 0.025 0.060**
y2 0.729%** 0.732%**  0.494***  —0.008 0.690%** 0.607***  —0.004 0.822%** 0.008
00 0.2077%%%* 1.705%%%  1778%** 0.84717%%* 1.250%*%*%  0518%**  3651%F*  (e81*FFF 3587k
o1 0.000 0.006 0.018 0.000 0.009 0.007 0.001 0.009 0.035 (.)
02 0.944***  0,526%**  0.460%** 0.748***  0.638*%**  0.840***  0.039* 0.834*** 0,030 (.)
Log-Lik. —6882.423 —8057.471 —8084.789 —7745.601 —8355.994 —8228.923 —594.201 228.320 —1138.801
AIC 13784.847 16134.943 16189.577 15511.202 16731.988 16477.846 1208.402 —436.640 2297.602
Note: Significance levels: *** p < 0.001, ** p<0.01, * p<0.05, (.) p <0.10.
Source: Author’s own work.
Table 8. Averaged connectedness for returns, volatility, skewness and kurtosis.
8.1. Averaged connectedness for returns

SPC300  HSREIT TREIT DJUSRI SGXREIT ~ FTENHP GPR EPU CCPU FROM
SPC300 63.53 6.88 3.06 3.09 4.96 13.30 1.52 1.97 1.69 36.47
HSREIT 5.21 54.56 3.04 7.75 11.01 14.80 1.26 1.27 1.09 45.44
TREIT 2.31 3.90 59.00 9.04 8.16 12.62 1.97 1.47 1.53 41.00
DJUSRI 2.25 3.46 3.29 77.12 5.54 3.46 1.71 133 1.86 22.88
SGXREIT 3.44 10.97 5.81 13.54 49.81 12.21 1.44 1.55 1.23 50.19
FTENHP 8.84 12.92 9.64 9.54 11.99 43.37 1.39 1.27 1.04 56.63
GPR 1.52 2.18 1.80 2.19 2.03 1.50 84.23 236 2.19 15.77
EPU 1.50 1.88 2.26 1.83 1.56 1.67 2.01 85.84 1.46 14.16
CCPU 1.35 1.62 1.42 1.65 1.86 1.65 1.55 223 86.66 13.34
T0 26.41 43.81 30.31 48.64 47.11 61.22 12.85 13.45 12.08 295.87
Net —10.06 —-1.62 —10.70 25.76 —3.08 4.59 —2.92 -0.71 —-1.25 36.98/32.87
Conclusion Net Net Net Net Net Net Net Net Net

Receiver Receiver Receiver Conductor Receiver Conductor Receiver Receiver Receiver
8.2. Averaged connectedness for volatility

SPC300 HSREIT  TREIT DJUSRI  SGXREIT  FTENHP GPR EPU CCPU FROM
SPC300 70.57 2.57 3.79 2.75 2.16 9.95 299 2.68 2.54 2943
HSREIT 3.40 57.17 334 8.81 9.62 11.75 2.50 2.45 0.96 42.83
TREIT 2.62 2.28 61.07 7.63 7.55 11.93 3.51 213 1.30 38.93
DJUSRI 247 212 2.61 73.32 7.23 6.46 2.53 1.99 1.28 26.68
SGXREIT 2.26 8.18 530 18.60 46.87 13.22 2.28 1.98 1.30 53.13
FTENHP 5.74 8.92 513 11.63 10.46 52.73 2.72 1.77 0.90 47.27
GPR 2.14 1.02 137 2.56 1.30 1.86 83.65 3.19 292 16.35
EPU 1.86 0.58 2.10 1.92 1.38 133 3.00 86.50 1.34 13.50
CCPU 2.76 0.86 1.95 1.79 0.93 1.1 1.59 1.35 87.66 12.34
T0 23.25 26.52 25.57 55.70 40.62 57.61 21.12 17.53 12.54 280.46
Net —6.18 —-16.31 —-13.36 29.02 —-12.51 10.33 4.77 4.04 0.20 35.06/31.16
Conclusion Net Net Net Net Net Net Net Net Net

Receiver Receiver Receiver Conductor Receiver Conductor Conductor Conductor Conductor

with the connectedness parameter set to Time. Short-, medium-, and long-run Connectedness
measures are based on a TVP-VAR model with a lag length of 5- and a 10-day GFEVD. Parameters
for frequency connectedness are set according to Chatziantoniou et al. (2021).

The main diagonal shows idiosyncratic effects. Off-diagonal elements represent the connectivity
between different factors. The FROM column sums the total influence a factor has on all other fac-
tors (excluding itself), whereas the TO row sums the total influence received by a factor from
others. The NET row is the difference between TO and FROM, indicating the net impact of a factor
on the system. A positive NET value means the factor is a shock transmitter, exerting more
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8.3. Averaged connectedness for skewness

SPC300 HSREIT  TREIT DJUSRI SGXREIT FTENHP GPR EPU CCPU FROM
SPC300 74.38 3.97 2.84 2.04 3.75 5.40 1.63 2.84 3.16 25.62
HSREIT 4.05 65.49 3.40 2.36 9.30 12.81 1.41 0.80 0.39 34,51
TREIT 1.1 213 67.05 3.39 10.44 11.22 2.65 1.50 0.51 32.95
DJUSRI 1.34 247 343 70.78 4.19 431 6.49 4.13 2.85 29.22
SGXREIT 1.98 6.57 7.42 5.31 62.08 13.32 1.62 0.68 1.02 37.92
FTENHP 3.71 9.66 8.62 7.05 13.58 50.16 2.84 3.06 1.32 49.84
GPR 0.66 1.26 2.88 414 1.66 1.75 84.22 2.08 1.35 15.78
EPU 1.15 0.84 0.95 6.30 1.21 1.99 3.13 81.36 3.06 18.64
CCPU 1.88 0.34 0.87 3.78 0.86 0.67 2.25 417 85.19 14.81
T0 15.88 27.24 30.42 34.38 44,98 51.47 22.02 19.25 13.67 259.32
Net —-9.74 -7.27 —2.54 5.16 7.06 1.63 6.24 0.61 —-1.14  32.41/28.81
Conclusion Net Net Net Net Net Net Net Net Net

Receiver Receiver Receiver Conductor Conductor Conductor Conductor Conductor Receiver
8.4. Averaged connectedness for kurtosis

SPC300 HSREIT TREIT DJUSRI SGXREIT FTENHP GPR EPU CCPU FROM

SPC300 30.99 1.59 4.96 34.95 7.28 10.07 2.69 7.00 0.47 69.01
HSREIT 13.21 4355 4.32 18.44 6.36 12.08 0.53 1.36 0.14 56.45
TREIT 11.53 1.75 36.78 17.60 16.88 12.27 1.47 1.48 0.24 63.22
DJUSRI 27.30 1.66 5.27 37.39 8.64 10.56 2.52 6.28 0.37 62.61
SGXREIT 12.07 3.62 8.04 19.31 37.27 15.78 2.01 1.71 0.18 62.73
FTENHP 12.56 5.85 6.83 18.30 16.40 35.09 2.97 1.88 0.12 64.91
GPR 15.13 0.97 3.78 17.62 8.06 10.28 40.76 3.20 0.19 59.24
EPU 9.72 1.61 2.34 13.77 6.00 6.55 1.75 57.82 0.44 42.18
CCPU 3.09 0.66 0.68 5.08 3.13 2.64 0.95 1.95 81.80 18.20
TO 104.61 17.71 36.22 145.08 72.75 80.24 1491 24.88 2.15 498.55
Net 35.59 —38.74 -27.00 82.47 10.02 15.33 —-4433 -1730 —16.05 62.32/55.39
Conclusion Net Net Net Net Net Net Net Net Net

Conductor Receiver Receiver Conductor Conductor Conductor Receiver Receiver Receiver

Source: Author’s own work.

influence on others than it receives. A negative NET indicates the factor is a shock receiver, being
more affected by other variables. The sum of short-, medium-, and long-term Connectedness
equals the total connectedness, confirming the internal consistency of the frequency decompos-
ition approach.

The Total Connectedness Index (TCI) for the returns system is 32.87%, indicating that approxi-
mately two-thirds of the variation is attributable to idiosyncratic effects. DJUSRI (Net = 25.76)
emerges as the dominant transmitter, exerting substantial influence on other factors, and FTENHP
(4.59) is a minor transmitter. TREIT (—10.70) and SPC300 (—10.06) absorb most shocks. DJUSRI
drives systemic spillovers, with Japanese and Chinese real estate indices notably vulnerable. This
pattern aligns with Che et al. (2023), who find that China’s financial cycle is particularly sensitive to
geopolitical risk shocks, with EPU effects operating indirectly through GPR channels—suggesting
Chinese REITs may serve as transmission conduits for geopolitical uncertainty rather than direct
EPU recipients.

Total volatility connectedness stands at 31.16%. The strongest transmitters of volatility are
DJUSRI (Net = 29.02), FTENHP (10.33), GPR (4.77), and EPU (4.04); CCPU (0.20) is a minor transmit-
ter. Meanwhile, SGXREIT (Net=-12.51), TREIT (—13.36), and HSREIT (-16.31) are the main shock
absorbers. Mirroring the returns system, DJUSRI is the primary driver of shocks, with Asian markets
highly sensitive to volatility spillovers.

Total skewness connectedness is 28.81%, with GPR (6.24), DJUSRI (5.16), and SGXREIT (7.06)
transmitting most skewness shocks. HSREIT (Net=—-8.47) and SPC300 (Net=—-6.56) absorb most
skewness spillovers. SGXREIT and GPR drive the propagation of asymmetric risk, with other Asian
REIT markets highly receptive.



JOURNAL OF REAL ESTATE PORTFOLIO MANAGEMENT e 19

The TCI for the kurtosis system is the highest of all models at 55.39%. DJUSRI (Net = 82.47),
SPC300 (35.59), FTENHP (15.33), and SGXREIT (10.02) are transmitters of tail-risk shocks, and GPR
(Net = —44.33), HSREIT (—38.74), and TREIT (-27.00) are the greatest recipients. The United States
and Chinese REITs drive extreme-event spillovers, as uncertainty factors are exposed to tail risk.

The results can be summarized as follows. First, the U.S. REIT index consistently transmits the
strongest shocks across returns, volatility, and kurtosis, and Asian REITs are systemically vulnerable.
Japanese, Hong Kong, and Chinese REIT indices absorb most shocks. Notably, Periola-Fatunsin
et al. (2021) find that during the COVID-19 pandemic, uncertainty factors significantly drive con-
nectedness among Asian REIT markets in both mean and variance, with Japan and Singapore
emerging as net transmitters—a pattern indicating that the resolution (or amplification) of uncer-
tainty can cause delayed but widespread systemic effects. Second, all systems exhibit substantial
self-dependence (diagonal entries > 50%), especially in returns (71.33%). Third, the highest con-
nectedness is observed in kurtosis (55%), highlighting the widespread propagation of tail risks,
whereas the lowest connectedness in skewness (28%) suggests that asymmetric shocks are com-
paratively contained. Fourth, the distribution of Connectedness across frequencies varies notably
by the statistical moment considered. For returns, the system is dominated by short-term connect-
edness, with rapid shock transmission and quick dissipation. Volatility exhibits a significant share of
connectedness in the long term, indicating that volatility shocks have more persistent effects. This
observation aligns with Gao et al. (2024) but contrasts with Liow and Song (2022), who find volatil-
ity connectedness concentrated in the short term. Differences in frequency band definitions may
explain this discrepancy. For skewness, connectedness is more evenly split between short and long
terms, with less than half concentrated in the long run. This balanced distribution suggests that
asymmetric risk effects propagate both immediately and persistently. For the kurtosis system, the
highest connectedness is observed in the long run, highlighting the enduring nature of tail-risk
spillovers. This finding corroborates Gao et al. (2024), emphasizing the systemic importance of
extreme events over extended periods.

Total Connectedness Analysis

Figure 2 presents Total dynamic Connecteness in the systems of Returns, Volatility, Skewness, and
Kurtosis.

Red squares denote short-term Connectedness (1-4days), green indicates medium-term (4—
28days), and blue represents long-term (more than 28days). Black lines indicate Total
Connectedness, which is the sum of the three frequency components. An increase in the level of
Connectedness implies that interrelations between markets and factors are strengthening, includ-
ing the possibility of variables moving in the same direction; furthermore, there is an increased
potential for a rise in the overall level of risk within the network (Chatziantoniou et al., 2021). For
the Returns TCl, short-term Connectedness dominates across the entire sample, and medium- and
long-term effects remain weak. For the Volatility, Skewness, and Kurtosis systems, long-term fre-
quencies exhibit higher levels of Connectedness.

All four TCl indices exhibit their highest peaks at the beginning of the COVID-19 pandemic
(CARES Act). Systems except Kurtosis show a very sharp spike in early 2018 corresponding to the
Sino-U.S. Trade War. The Evergrande crash impacted only the Skewness and Kurtosis systems, and
the Ukraine invasion (2022) was notable across all systems. A peak in late 2022 likely coincided
with the Indonesian G20 Summit. Israel-Hamas tensions in late 2023 also impacted overall
Connectedness across all four plots.

The dominance of long-term Connectedness for the second, third, and fourth moments aligns
with results in Gao et al. (2024).
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Figure 2. Dynamic TCl for returns, volatility, skewness and kurtosis.

Four stacked area charts arranged in a 2 x 2 grid displaying the Total Connectedness Index (TCl) decomposition by frequency
for Returns, Volatility, Skewness, and Kurtosis from 2017-2024. Each chart shares a common timeline and vertical dashed lines
marking major events: D.Trump Election (2017), Trade War Start (2018), CARES Act (2020), Evergrande crisis (2022), Ukraine
Invasion (2022), Fed 75bps Hike (2022), G20 Summit (2023), and Israel-Hamas conflict (2024). The legend identifies frequency
bands: Short-run TCl (Red, 1-4days), Medium-run TCl (Green, 5-28 days), Long-run TCl (Blue, 29+ days), and Total TCl (Black
line).

In the Returns panel (top left), Short-run connectedness (red) dominates the total index, particularly after 2018, with sharp peaks
during the Trump Election and CARES Act. The Volatility panel (top right) shows a shift toward Long-run dominance (blue) after
2018, following a massive initial spike in 2017. The Skewness panel (bottom left) exhibits a mixed distribution across all frequen-
cies, with notable spikes during the Trade War and CARES Act. The Kurtosis panel (bottom right) is initially dominated by Long-
run connectedness (blue) until 2020, after which Short-run (red) and Medium-run (green) components increase substantially,
particularly during the 2022-2024 period. Across all moments, the CARES Act corresponds to the highest peak in total

connectedness.
Source: Author’s own work.

NET Connectedness Analysis

To enhance interpretability and facilitate comparative analysis across higher-order moments, fre-
quency decomposition is excluded. Figure 3 presents a visualization of NET connectedness dynam-
ics, comprising nine individual plots corresponding to each variable within the system.

Within each plot, four distinct layers illustrate NET connectedness measures across the four
moments: returns, volatility, skewness, and kurtosis.

The empirical analysis of NET connectedness reveals systematic patterns in shock transmission
dynamics across distributional moments, with important implications for risk management in Asian
REIT markets. Our findings demonstrate that kurtosis spillovers dominate across all factors, confirm-
ing the systemic importance of tail-risk events as noted by Gao et al. (2024).

SPC300 transmitted kurtosis shocks prior to the COVID-19 pandemic. The pandemic reversed this
impact, causing the Chinese REIT index to become a shock absorber. Hong Kong (HSREIT) and
Japanese (TREIT) REITs also emerge as predominant receivers of spillovers across all distributional
moments.

The Chinese REIT index (SPC300) exhibits a notable structural shift in its transmission role. Prior
to the COVID-19 pandemic, SPC300 functioned as a net transmitter of kurtosis shocks, consistent
with its position as a relatively mature market within China’s financial system. However, the pan-
demic triggered a significant reversal, with SPC300 becoming a predominant shock absorber. This
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Figure 3. Dynamic NET connectedness for returns, volatility, skewness and kurtosis.

Nine time-series plots arranged in a 3x3 grid displaying Net Connectedness dynamics for nine variables from 2017-2024. Each
plot shares a common timeline and vertical dashed lines marking major events: D. Trump Election (2017), Trade War Start
(2018), CARES Act (2020), Evergrande crisis (2022), Ukraine Invasion (2022), Fed 75bps Hike (2022), G20 Summit (2023), and
Israel-Hamas conflict (2024). The Y-axis represents NET Connectedness ranging from —100 to 100, where positive values indicate
net transmitters of shocks and negative values indicate net receivers. The legend identifies four distributional moments: Kurtosis
(Purple), Returns (Dark Grey), Skewness (Teal), and Volatility (Red).

In the REIT panels, DJUSRI (U.S. REIT) consistently appears as a dominant net transmitter (positive values), particularly for
Kurtosis and Returns. Conversely, Asian REIT indices (SPC300, HSREIT, TREIT, FTENHP) predominantly act as net receivers (nega-
tive values), especially for Kurtosis and Volatility. Notably, SPC300 shifts from a net transmitter to a net receiver around the
CARES Act (2020). SGXREIT shows mixed behavior, transmitting Skewness shocks in the medium term. The Uncertainty factor
panels (GPR, EPU, CCPU) reveal that GPR acts as a strong net receiver of Kurtosis shocks in the early sample period, yet EPU
and CCPU exhibit more fluctuating roles, often absorbing tail risks during crisis periods. Across all variables, Kurtosis connected-
ness displays the highest magnitude of net spillovers.

Source: Author's own work.

pattern reflects the structural vulnerability of Chinese REITs to external shocks, as documented by
Hu et al. (2024). This time-varying pattern corroborates Che et al. (2023), who document that post-
2010, EPU shocks in China produced more significant indirect impacts on financial cycles than in
earlier periods, suggesting heightened sensitivity to uncertainty-driven transmission channels dur-
ing recent crisis episodes.

The U.S. REIT index (DJUSRI) maintains its position as the dominant shock transmitter across all
moments, with consistent transmission of returns, volatility, and kurtosis shocks to Asian markets.
This finding aligns with Bulut et al. (2025). The transmission pattern underscores the central role of
U.S. monetary policy decisions in shaping Asian real estate market dynamics.

Singapore REITs (SGXREIT) and the Asia-Pacific REIT index (FTENHP) demonstrate more nuanced
roles. SGXREIT transmitted skewness shocks from the trade war initiation until the pandemic onset
but subsequently shifted to absorbing shocks. FTENHP exhibits positive kurtosis spillovers during
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2017-2018 and 2020-2023, while showing positive connectedness across other moments post-
trade war, reflecting the complex interplay between regional market integration and external
shocks.

The uncertainty factors (GPR, EPU, CCPU) primarily absorb kurtosis shocks from REIT markets
whereas transmitting returns, volatility, and skewness shocks early in the sample period. Notably,
EPU transmitted significant volatility shocks during the Chinese REIT crisis and shocks across all
moments prior to and during the Israel-Hamas tensions. GPR transmitted volatility shocks during
the Sino-U.S. Trade War and exhibited pronounced skewness transmission effects during the
Ukraine invasion. CCPU primarily functions as a net recipient with brief spikes of influence during
major events, reflecting its role as a more localized uncertainty factor with limited systemic impact.

NET Pairwise Connectedness Analysis

The network graph displays the model variables along with the connections between them and
their directions. A gray line between two variables indicates the presence of a connection. The
thickness of the line and the direction of the arrow represent the strength and direction of the
connection, respectively. The color of a variable indicates whether it is a NET receiver (red) or a
NET transmitter (blue). The graph in the top left corner shows the system without frequency
decomposition, the top right displays short-term Connectedness, the bottom left presents
medium-term Connectedness, and the bottom right illustrates long-term Connectedness. NPDC
graphs for returns are depicted in Figure 4.

Most links are allocated in the short run. DJUSRI (U.S. REIT index) consistently appears as a blue
node (NET transmitter) across all frequency horizons, confirming its role as the primary shock trans-
mitter in the global REIT network. This aligns with the structural dominance of U.S. REITs, which
account for approximately 60% of global REIT market capitalization. The consistent transmission
from DJUSRI to Asian REIT markets—particularly to FTENHP—highlights the U.S. market's central
role in driving Asian real estate dynamics. FTENHP (Asia-Pacific REIT index) shows mixed behavior,
transferring shocks to other Asian REITs in short-term but receiving in medium/long-term.
Uncertainty factors appear as minor shock transmitter on medium and long frequencies, but their
impact is barely visible.

The system for volatility (Figure 5) is dominated by long term connectedness.

DJUSRI acts as a dominant NET transmitter, strongly influencing the REIT indices of Singapore
(SGXREIT), Tokyo (TREIT), and the FTSE EPRA Nareit Asia Pacific Select (FTENHP). Simultaneously,
FTENHP also transfers its influence to other REITs except the U.S. market (DJUSRI). Uncertainty fac-
tors appear as minor transmitters to REITs, with GPR influencing SGXREIT, TREIT, HSREIT, and
SPC300; EPU impacting HSREIT and SPC300; and the China Climate Policy Uncertainty index (CCPU)
transferring long-term shocks to SPC300.

In the short run for skewness (Figure 6), EPU, SGXREIT, and HSREIT transmit the most notable
shocks; surprisingly, DJUSRI acts as a major receiver, absorbing shocks from other REITs.

The medium run is characterized by reduced connection density compared to the short-run and
long-run. In the long run, the situation is the opposite: EPU absorbs severe shocks, GPR and CCPU
act as net transmitters, and the U.S. REIT index heavily influences Asian markets, with those of
Hong Kong and China being the most vulnerable.

The Kurtosis system (Figure 7) is notable for the highest level of connectedness, with most con-
nectivity allocated at long frequencies, where DJUSRI transfers severe shocks to other REITs.

Other tail-risk transmitting markets include Singapore and China, but the markets of Japan and
Hong Kong are highly receptive. Overall, the graphs reveal that volatility shocks flow primarily
from the U.S. market to Asian REITs, with Chinese, Japanese, and Hong Kong REITs being particu-
larly vulnerable. This asymmetry suggests that Asian REIT investors face significant exposure to U.S.
monetary policy decisions.
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Figure 4. NPDC graph for returns.

Four network plots arranged in a 2x2 grid displaying Net Pairwise Directional Connectedness (NPDC) for Returns across different
time horizons: Total (top left), Short-run 1-4 days (top right), Medium-run 5-28 days (bottom left), and Long-run 29+ days (bot-
tom right). Nodes represent REIT indices and uncertainty factors, colored blue for net transmitters and red for net receivers.
Arrow thickness indicates the strength of shock transmission.

In the Total and Short-run plots, the network is dense with DJUSRI (U.S. REIT) and FTENHP (Asia-Pacific) acting as dominant
blue transmitters, directing shocks toward red receiver nodes like SPC300 (China) and TREIT (Japan). In the Medium- and Long-
run plots, the network sparsifies significantly. DJUSRI remains a consistent blue transmitter, but uncertainty factors (GPR, EPU,
CCPU) shift to blue transmitters. Conversely, all REIT indices, including previously transmitting FTENHP, appear as red receivers,
indicating that over longer horizons, real estate markets primarily absorb shocks from the U.S. market and external uncertainty
factors.

Source: Author’s own work.

Robustness Check

To ensure the robustness and reliability of the empirical findings, a comprehensive sensitivity ana-
lysis was undertaken comprising three distinct validation procedures. First, model validity was
assessed by comparing the baseline GARCH-Skewness-Kurtosis specifications against alternative
higher-order moment estimates.
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Figure 5. NPDC graph for volatility.

Four network plots arranged in a 2x2 grid displaying Net Pairwise Directional Connectedness (NPDC) for Volatility across differ-
ent time horizons: Total (top left), Short-run 1-4 days (top right), Medium-run 5-28 days (bottom left), and Long-run 29+ days
(bottom right). Nodes represent REIT indices and uncertainty factors, colored blue for net transmitters and red for net receivers.
Arrow thickness indicates the strength of shock transmission.

In the Total and Long-run plots, the network is dense with DJUSRI (U.S. REIT) and FTENHP (Asia-Pacific) acting as dominant blue
transmitters, directing thick arrows toward red receiver nodes like SPC300 (China), TREIT (Japan), and HSREIT (Hong Kong). This
confirms that volatility shocks are primarily long-term phenomena. In the Short-run plot, the network is sparse with weaker con-
nections and mixed transmitter/receiver roles, but the Medium-run plot shows moderate density. Uncertainty factors (GPR, EPU)
appear as blue transmitters in the Long-run, sending shocks to Asian REITs, whereas CCPU remains a minor node. The visual
dominance of the Long-run panel aligns with the finding that volatility connectedness is persistent over time, with the U.S. mar-
ket driving systemic risk transmission to Asian real estate markets.

Source: Author’s own work.

For the first procedure, we calculated exponentially weighted moving average higher-moment
series. The EWMA approach provides a methodologically distinct robustness check for our GARCH-
SK framework by implementing a nonparametric filtering alternative to model-based moment esti-
mation. Although GARCH-SK employs maximum likelihood estimation within a Gram-Charlier
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Figure 6. NPDC graph for skewness.

Four network plots arranged in a 2x2 grid displaying Net Pairwise Directional Connectedness (NPDC) for Skewness across differ-
ent time horizons: Total (top left), Short-run 1-4 days (top right), Medium-run 5-28 days (bottom left), and Long-run 29+ days
(bottom right). Nodes represent REIT indices and uncertainty factors, colored blue for net transmitters and red for net receivers.
Arrow thickness indicates the strength of shock transmission.

In the Total plot, DJUSRI (U.S. REIT), SGXREIT, and FTENHP act as dominant blue transmitters, directing shocks toward red
receiver nodes such as SPC300 (China), TREIT (Japan), and HSREIT (Hong Kong). The Short-run plot reveals a distinct reversal
where DJUSRI appears as a red receiver, absorbing shocks from blue transmitters like EPU, SGXREIT, and FTENHP. The Medium-
run network is sparse with weaker connections. In the Long-run plot, the pattern reverts: DJUSRI, GPR, and CCPU emerge as
strong blue transmitters, yet the EPU shifts to a red receiver. Asian REIT indices (HSREIT, SPC300, SGXREIT) predominantly appear
as red receivers in the long run, indicating vulnerability to skewness shocks from the U.S. market and geopolitical/climate uncer-
tainty factors.

Source: Author’s own work.

expansion framework to capture conditional higher moments, EWMA constructs unconditional
moment series through recursive filtering with exponential decay (1=0.97). This methodological
divergence serves as a critical validation mechanism: consistent directional patterns in NET
Connectedness rankings across both approaches confirm the reliability of the baseline specification.
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Figure 7. NPDC graph for kurtosis.

Four network plots arranged in a 2x2 grid displaying Net Pairwise Directional Connectedness (NPDC) for Kurtosis across different
time horizons: Total (top left), Short-run 1-4 days (top right), Medium-run 5-28 days (bottom left), and Long-run 29+ days (bot-
tom right). Nodes represent REIT indices and uncertainty factors, colored blue for net transmitters and red for net receivers.
Arrow thickness indicates the strength of shock transmission.

In the Total and Long-run plots, the network is extremely dense with thick arrows, confirming that tail-risk connectedness is
predominantly a long-term phenomenon. DJUSRI (U.S. REIT), SPC300 (China), SGXREIT (Singapore), and FTENHP (Asia-Pacific)
appear as dominant blue transmitters, directing strong shocks toward red receiver nodes like TREIT (Japan), HSREIT (Hong
Kong), and the uncertainty factors (GPR, EPU, CCPU). The Short-run plot shows a similar but weaker pattern, but the Medium-
run network is notably sparse. This structure highlights that U.S. and Chinese markets drive extreme-event spillovers, yet
Japanese and Hong Kong REITs, along with uncertainty indices, act as consistent absorbers of tail risk.

Source: Author’s own work.

Second, methodological consistency was examined by contrasting the Time-Varying Parameter
Vector Autoregression (TVP-VAR) framework with the conventional Diebold and Yilmaz (2012) roll-
ing-window approach. Third, parameter sensitivity was evaluated by varying key hyperparameters,
including forecast horizons and prior specifications. Finally, the stability of the dynamic Total
Connectedness Index (TCl) across these specifications was quantified using Pearson and Spearman
rank correlation coefficients.
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Table 9. Robustness check correlations for TCI.

Robustness Check Volatility Skewness Kurtosis
Realized vs Model (Pearson) 0.763 0.666 0.613
Realized vs Model (Spearman) 0.826 0.703 0.667
DY-12 vs Model (Pearson) 0.724 0.768 0.552
DY-12 vs Model (Spearman) 0.696 0.677 0.550
nfore = 20 (Pearson) 0.981 0.993 0.979
nfore = 20 (Spearman) 0.969 0.993 0.975
nfore = 5 (Pearson) 0.962 0.944 0.971
nfore = 5 (Spearman) 0.955 0.934 0.975
Minnesota Prior (Pearson) 0.834 0.571 -0.397
Minnesota Prior (Spearman) 0.872 0.773 —0.420

Source: Author's own work.

Correlations between base model and modified variants are presented in Table 9.

Moderate-to-strong correlations confirm that the GARCH-SK model captures the essential dynam-
ics of realized higher-order moments. The consistently higher Spearman coefficients indicate
monotonic but non-linear relationships, which is expected given the non-normal distribution of
REIT returns (confirmed by Jarque-Bera tests in Table 4). This validates the methodological choice
in “GARCH-Skewness-Kurtosis.”

Moderate-to-strong correlations between the rolling-window Diebold and Yilmaz (2012)
approach and the TVP-VAR Frequency model indicate consistency across methodologies. The lower
Kurtosis correlation (0.55) suggests the TVP-VAR framework better captures time-varying tail-risk
dynamics compared to the rolling-window approach, supporting the argument that TVP-VAR elimi-
nates arbitrary window selection and reduces outlier sensitivity.

Exceptionally high correlations (>0.93) demonstrate that connectedness estimates are highly
robust to forecast horizon specification. This aligns with Chatziantoniou et al. (2021), who note
that TCl is relatively stable across reasonable horizon choices. We can confidently state that the
base model (nfore = 10) does not drive results artificially.

Regarding prior specification, volatility remains robust (0.83-0.87), confirming second-moment
estimation is prior-insensitive. Skewness shows moderate sensitivity (0.57-0.77), suggesting third-
moment dynamics depend partially on prior specification. Kurtosis shows negative correlation
(—=0.39 to —0.42), indicating the Minnesota Prior produces systematically different tail-risk connect-
edness estimates compared to BayesPrior. The BayesPrior specification (following Antonakakis
et al, 2020) is more appropriate for higher-order moment estimation in TVP-VAR frameworks. The
Minnesota Prior, designed for standard VAR coefficient shrinkage, may not adequately capture
time-varying fourth-moment dynamics.

Nevertheless, GARCH-SK remains superior for primary inference due to three fundamental advan-
tages. First, it explicitly models the autoregressive structure of higher moments through statistically
significant persistence parameters (y,, J,), capturing the empirically documented phenomenon
that “days with high skewness (kurtosis) are followed by days with similarly high skewness
(kurtosis)” (Ledn et al., 2005). Second, its likelihood-based estimation provides greater statistical
efficiency in capturing volatility clustering effects that EWMA's fixed decay parameter cannot adap-
tively address (Andersen et al., 2013). Third, GARCH-SK delivers superior out-of-sample forecasting
properties essential for dynamic portfolio construction—EWMA’s unconditional moments lack the
forward-looking conditional expectation structure required for Minimum Connectedness portfolio
rebalancing (Broadstock et al., 2022).

Portfolio Construction

Portfolio results are based on a TVP-VAR Extended Joint Connectedness model with a lag length of
3-5 (selected via AIC) and a 10-day GFEVD. Conditional correlation and variance matrices are
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derived from the standard TVP-VAR model. Prior parameters are set following Antonakakis et al.
(2020). The analysis of Minimum Connectedness Portfolio weights for returns, volatility, skewness,
and kurtosis components, as well as Minimum Correlation and Minimum Variance approaches,
reveals distinct hedging roles within Asian REIT markets (Table 10).

Portfolio tables reveal systematic differences in asset allocation patterns across optimization cri-
teria, with important implications for risk management in Asian REIT markets.

The FTSE EPRA Nareit Asia Pacific Index (FTENHP) receives minimal allocation (0.01-0.16) across
all portfolios—most strikingly, a near-zero weight (0.01) under the Minimum Correlation approach.
FTENHP functions as a net transmitter of spillovers within the Asian REIT ecosystem rather than as
a diversifier. Its broad regional coverage likely captures systemic shocks that propagate to rather
than from country-specific REIT indices, reducing its value in connectedness-minimizing portfolios.

SPC300 (China) and TREIT (Japan) consistently receive the highest weights (0.19-0.24) under
returns, volatility, and minimum correlation frameworks. These indices act as relative safe havens
within the Asian REIT system, absorbing fewer spillovers during stress periods. Their elevated hedg-
ing effectiveness (HE: 0.79-0.81 for SPC300; 0.45-0.49 for TREIT) confirms their role as net receivers
of connectedness.

SGXREIT dominates only the Minimum Variance portfolio (weight: 0.32), with HE rising to 0.52
versus 0.19-0.26 elsewhere. Singapore’s mature, liquid REIT market offers low standalone volatility
but does not necessarily minimize cross-market spillovers.

The Minimum Correlation portfolio achieves the lowest asset-level standard deviations (0.02-0.04
versus 0.04-0.18 in connectedness portfolios) and the highest Sharpe ratio (—0.0078), confirming
its superiority in pure volatility suppression. However, this comes at a cost: by excluding FTENHP
almost entirely and concentrating in SPC300 and TREIT, it sacrifices exposure to high-convexity
regional diversification benefits during regime shifts (e.g., postpandemic recovery in 2021).

Conversely, the Kurtosis-based Minimum Connectedness Portfolio achieves the best risk-adjusted
performance among connectedness approaches (Sharpe: —0.0108) while maintaining meaningful
HSREIT exposure (0.24). This suggests that tail-risk awareness—captured through kurtosis optimiza-
tion—better navigates the asymmetric spillovers characteristic of Asian REIT markets during monet-
ary policy shocks (e.g., Fed tightening cycles in 2018 and 2022-2023).

All portfolios exhibit negative Sharpe ratios (—0.0068 to —0.0144), reflecting the structural head-
winds facing REITs during 2016-2023: rising interest rates post-2021, China’s property sector crisis

Table 10. Mean weights and hedging effectiveness for returns, volatility, skewness and kurtosis portfolios.
10.1. Portfolios of returns, volatility, minimum correlation

Mean Std.Dev. HE Mean Std.Dev. HE Mean Std.Dev. HE
SPC300 0.23 0.04 0.79 0.20 0.08 0.80 0.23 0.03 0.80
HSREIT 0.18 0.08 0.33 0.18 0.09 0.36 0.17 0.04 0.38
TREIT 0.21 0.09 0.45 0.18 0.10 0.47 0.24 0.04 0.49
DJUSRI 0.18 0.07 0.63 0.20 0.11 0.64 0.23 0.04 0.65
SGXREIT 0.13 0.07 0.19 0.12 0.13 0.22 0.13 0.03 0.24
FTENHP 0.07 0.14 0.17 0.11 0.13 0.20 0.01 0.02 0.22
Sharpe Ratio —0.0144 —0.0068 —0.0078

10.2. Portfolios of skewness, kurtosis, minimum variance

Mean Std.Dev. HE Mean Std.Dev. HE Mean Std.Dev. HE
SPC300 0.22 0.04 0.81 0.09 0.10 0.79 0.05 0.06 0.87
HSREIT 0.19 0.06 0.39 0.24 0.18 0.33 0.22 0.17 0.60
TREIT 0.19 0.07 0.50 0.20 0.15 0.45 0.22 0.09 0.67
DJUSRI 0.21 0.04 0.66 0.09 0.1 0.63 0.12 0.05 0.78
SGXREIT 0.13 0.08 0.26 0.22 0.20 0.18 0.32 0.10 0.52
FTENHP 0.07 0.11 0.24 0.16 0.17 0.16 0.07 0.09 0.51
Sharpe Ratio —0.0138 —0.0108 —0.011

Source: Author’'s own work.
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Figure 8. Cumulative returns of MCoP for returns, volatility, skewness and kurtosis.

A line chart displaying cumulative returns for seven portfolio strategies from 2017-2024. The legend identifies: Equally
Weighted (Grey), Kurtosis (Red), Min. Corr. (Orange), Min. Variance (Green), Returns (Black), Skewness (Purple), and Volatility
(Blue). Vertical dashed lines mark major events: Trade War Start (2018), CARES Act (2020), Evergrande crisis (2022), Ukraine
Invasion (2022), Fed 75bps Hike (2022), G20 Summit (2023), and Israel-Hamas conflict (2024). All portfolios show positive accu-
mulation until the CARES Act crash in 2020, followed by a recovery in 2021 and a sustained decline from 2022 to 2024, ending
in negative territory. The Volatility-based portfolio (Blue) consistently outperforms others, remaining at the top of the cluster,
and the Returns-based portfolio (Black) consistently underperforms at the bottom. The Minimum Correlation portfolio (Orange)
demonstrates intermediate performance, outperforming the Minimum Variance and Returns strategies.

Source: Author’'s own work.

(2021-2023), and pandemic-induced occupancy shocks. Asian REITs operated in a persistently chal-
lenging macroeconomic environment where even optimal diversification could not overcome sec-
tor-wide headwinds.

Figure 8 presents the cumulative returns of the four Minimum Connectedness Portfolios (MCoP),
illustrating similar trends across the dynamic yields for returns, volatility, skewness, and kurtosis.

The cumulative returns plot reveals important performance dynamics across different portfolio
construction methodologies for Asian REITs from 2016 to 2023. All REIT portfolios exhibit negative
cumulative performance over the sample period, reflecting the structural headwinds facing real
estate markets during this timeframe.

The Volatility-based Minimum Connectedness Portfolio (blue) consistently demonstrates superior
relative performance throughout the sample, maintaining the least negative cumulative returns.
This outperformance becomes particularly pronounced following the 2018 Trade War and the
Evergrande collapse, suggesting that volatility-aware connectedness minimization provides mean-
ingful protection during periods of heightened market stress. The Kurtosis portfolio follows closely
until 2018, and the Minimum Correlation Portfolio approaches the leader’s performance following
the COVID-19 pandemic.

Four critical inflection points align with major macroeconomic and geopolitical events. First, the
onset of the Trade War (2018) induced increased turbulence across all strategies, with the Volatility
portfolio showing early signs of relative outperformance. Second, a dramatic market collapse
occurred in 2020, with all strategies experiencing significant drawdowns. Third, the Chinese prop-
erty sector collapse (2021) created a pronounced decline in cumulative returns, initiating a pro-
longed descent below zero for all strategies. Finally, aggressive monetary tightening (2022)
triggered another sharp drawdown.

The Minimum Variance Portfolio (green) and Returns-based Portfolio (black) consistently under-
perform across the entire sample period, particularly during volatile episodes. This finding
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contradicts traditional portfolio theory expectations and suggests that variance-only optimization
fails to account for the interconnected nature of spillover risks in Asian REIT markets. The Equally
Weighted Portfolio (grey) performs moderately.

Notably, the Minimum Correlation Portfolio (orange) shows intermediate performance, outper-
forming the Minimum Variance approach but lagging behind the Volatility-based Connectedness
strategy. This pattern indicates that although correlation minimization provides some diversifica-
tion benefits, it fails to capture the asymmetric nature of risk transmission that connectedness
measures effectively address.

The superior performance of the Volatility Portfolio during monetary policy shocks (e.g., Fed
hikes) and regional crises (e.g., Evergrande) diverges from existing literature emphasizing the use
of higher-order moments, such as skewness and kurtosis, for higher cumulative returns, as docu-
mented by Gao et al. (2024).

Conclusion

This study provides a comprehensive analysis of shock transmission mechanisms between U.S. and
Asian REIT markets by employing a TVP-VAR time-frequency connectedness framework that incor-
porates higher-order moments. Four key findings emerge from the analysis. First, higher-order
moments exhibit stronger connectedness than returns. Second, frequency analysis reveals distinct
transmission patterns for tail risk versus asymmetric risk. Third, uncertainty factors transmit shocks
across different distributional moments in moment-dependent ways. Fourth, minimum-connected-
ness portfolios based on higher moments offer superior risk mitigation compared to traditional
approaches.

The empirical results offer robust evidence of a core-periphery structure in the global REIT net-
work, where the U.S. REIT index serves as the dominant force driving Asian real estate market
dynamics. This finding aligns with the broader literature on financial contagion, which frequently
identifies U.S. markets as primary sources of volatility spillovers during periods of global stress.
Specifically, the U.S. REIT index consistently emerges as the strongest net transmitter of shocks
across returns, volatility, and kurtosis, whereas Japanese, Chinese, and Hong Kong REIT indices act
as consistent net receivers. For Japan, this may reflect several structural factors, including aging
demographics, deflationary pressures, and high sensitivity to global risk appetite due to carry trade
dynamics. China’s role shifted from transmitter to receiver during the pandemic, reflecting the
impact of the Evergrande crisis and regulatory tightening. This supports Hu et al. (2024), who note
that domestic policy shocks in China can isolate its market from transmitting risks globally, even
while remaining sensitive to external volatility. This asymmetry underscores the structural vulner-
ability of Asian real estate markets to external disturbances, particularly those originating from U.S.
monetary policy decisions and global liquidity conditions.

Notably, Singapore REITs emerge as the most powerful net transmitter for skewness shocks (Net
= 7.06), though they function as net receivers for returns and volatility. This moment-dependent
transmission pattern aligns with ljasan et al. (2021), who identify Singapore as the strongest influ-
encer among Asian REIT markets. The finding reflects Singapore’s unique position as a regional
REIT hub, where 80% of S-REITs hold cross-border properties, creating natural channels for asym-
metric risk propagation across Asia-Pacific markets. This transmitter role for higher-order moments,
despite receiver status for traditional metrics, underscores the value of incorporating skewness and
kurtosis in connectedness analysis.

All models detected pronounced spikes in connectedness coinciding with major global events—
namely, the early 2018 escalation of the Sino-U.S. trade war, the March 2020 onset of the COVID-
19 pandemic, the 2021 China REIT market crash following Evergrande’s default, the February 2022
Ukraine invasion, the November 2022 G20 Summit in Indonesia, and the October 2023 Israel-
Hamas tensions. These episodes coincided with major shifts in global risk appetite and capital
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flows, with each event transmitting shocks through distinct channels. The trade war disrupted sup-
ply chains and investment flows between the world’s two largest economies, triggering immediate
short-term connectedness spikes. COVID-19 created unprecedented uncertainty about commercial
real estate fundamentals, especially office and retail segments, generating the highest connected-
ness peaks across all four moments. The Evergrande crisis of late 2021 produced more selective
effects, primarily elevating skewness and kurtosis connectedness rather than returns or volatility,
reflecting how idiosyncratic credit events propagate tail risks without necessarily disrupting
broader market pricing mechanisms. The Ukraine invasion in February 2022 generated system-
wide connectedness increases across all four moments, operating through energy price shocks and
geopolitical risk channels. The G20 Summit peak in late 2022 likely reflected heightened policy
uncertainty surrounding coordinated monetary tightening decisions among major economies.
Finally, the Israel-Hamas tensions of late 2023 renewed geopolitical risk premia, demonstrating
how regional conflicts can generate measurable spillovers to real estate markets through oil price
volatility and broader risk-off sentiment.

The analysis of higher-order moments reveals critical insights into the nature of risk propagation
that are often overlooked in traditional mean-variance frameworks. The elevated connectedness in
kurtosis (55.39%) compared to returns (32.87%) and skewness (28.81%) highlights the importance
of tail-risk monitoring. Standard volatility models often underestimate systemic risk because they
assume normal distributions. This result corroborates recent findings by Gao et al. (2024) regarding
the systemic importance of extreme events over extended periods. Connectedness in the second,
third, and fourth moments is concentrated primarily in the long run, which contrasts with studies
such as Liow and Song (2022) that suggest volatility connectedness is concentrated primarily in
the short term.

From a theoretical perspective, the results validate the three transmission channels proposed in
the Introduction. High kurtosis connectedness supports the leverage channel, whereby forced asset
sales during stress propagate tail risks. Persistent volatility spillovers align with the liquidity chan-
nel, reflecting impaired price discovery mechanisms during crises. Finally, asymmetric skewness
transmission confirms the behavioral sentiment channel, where loss-averse investors disproportion-
ately weight downside risk.

Regarding uncertainty factors, the analysis reveals a nuanced bidirectional relationship.
Uncertainty indices primarily absorb kurtosis shocks from REIT markets, suggesting that real estate
tail risks amplify broader uncertainty. However, transmission direction varies by moment and event:
EPU transmitted volatility during the Chinese REIT crisis and shocks across all moments during the
Israel-Hamas tensions, whereas GPR transferred volatility during the Trade War and skewness dur-
ing the Ukraine invasion. CCPU functions primarily as a net recipient, reflecting its localized nature.
These findings indicate that although uncertainty drives volatility and sentiment shocks, REIT mar-
kets themselves serve as significant sources of tail-risk feedback into the broader uncertainty land-
scape. Notably, the significant long-term spillovers from CCPU to SPC300 indicate that Chinese
markets are increasingly pricing in transition risks. This supports Piao and Mei (2025), who argue
that green financial innovations in China have not yet fully insulated the real estate sector from cli-
mate policy shocks, and aligns with Salisu et al. (2024), who demonstrate that climate risks increase
REIT volatility across markets.

Frequency divergence highlights the value of the frequency-domain approach employed in this
research, which demonstrates that although returns exhibit short-term dominance, volatility and
kurtosis shocks possess significant long-term persistence. This distinction carries important implica-
tions for regulators. Short-run return spillovers may be managed through liquidity provisions. In
contrast, long-run volatility spillovers require structural interventions, such as capital buffers or
coordinated policy responses, as they reflect deeper fundamental anxieties among investors.

Robustness checks confirm that connectedness estimates are highly stable across forecast horizon
specifications (nfore = 5, 10, 20), with correlations exceeding 0.93 for all moments. However, prior
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specification affects higher-order moments differently: although volatility connectedness remains
robust (p=0.87), kurtosis connectedness exhibits negative correlation under the Minnesota Prior
(p = —0.42). This suggests that tail-risk estimation in TVP-VAR frameworks requires careful prior
selection, with BayesPrior specifications more appropriate for capturing time-varying fourth-
moment dynamics (Antonakakis et al., 2020).

The findings of this study carry distinct implications for Asian REIT markets that diverge from
evidence documented in developed Western economies. First, the core-periphery structure we
identify—where U.S. REITs dominate as shock transmitters and Asian markets function as net
receivers—reflects the structural vulnerability inherent in emerging REIT markets with lower capit-
alization and regulatory heterogeneity. This contrasts with European REIT markets, which demon-
strate more balanced bidirectional spillover patterns with U.S. counterparts due to comparable
market maturity. Second, the elevated kurtosis connectedness (55.39%) observed in Asian REITs
exceeds levels typically reported in U.S. analyses, suggesting tail-risk propagation operates more
intensively where retail investor participation amplifies sentiment-driven contagion. Third, the
uncertainty-REIT relationship in Asian markets exhibits moment-dependent transmission patterns,
contrasting with more linear relationships documented in U.S. markets. Although U.S. studies find
EPU functioning consistently as a net receiver from REITs (Bahlous-Boldi et al., 2025), our results
show uncertainty factors transmitting volatility shocks while absorbing kurtosis shocks from Asian
REITs—a bidirectional dynamic reflecting the region’s heightened sensitivity to external policy dis-
turbances. These distinctions emphasize that higher-order connectedness analysis is particularly
critical for Asian REIT markets, where regulatory constraints, leverage limits, and investor compos-
ition create transmission channels fundamentally different from those operating in developed
Western markets.

In comparison with existing literature, this study addresses several identified gaps, particularly
regarding the underexplored Asian REIT market and the neglect of higher-order connectedness.
Although prior research has extensively examined European and U.S. REIT markets, as noted by
Mensi et al. (2023) and Liow and Song (2022), few publications have focused exclusively on the
heterogeneity of shock transmission across Asian real estate sectors using time-varying parameters.
The finding that Chinese REITs consistently emerge as net receivers during climate policy uncer-
tainty-sensitive episodes adds depth to the work of Piao and Mei (2025), who observed that green
financial innovations have yet to effectively insulate China’s real estate sector from climate policy
shocks. Additionally, the structural shift observed in the Chinese REIT index, which transitioned
from a net transmitter to a shock absorber following the COVID-19 pandemic, reflects the struc-
tural vulnerability documented by Hu et al. (2024).

The practical implications of these findings are substantial for both investors and financial stabil-
ity authorities. For portfolio managers, the construction of Minimum-Connectedness Portfolios
demonstrates that optimizing for volatility connectedness yields superior risk-adjusted performance
compared to traditional minimum variance or equal-weighted strategies, particularly during crisis
periods such as the 2018 trade war and the 2022 monetary tightening cycle. This suggests that
investors should prioritize hedging against volatility spillovers rather than solely focusing on return
correlations. The results indicate that Chinese REITs serve as optimal hedging instruments (HE:
0.79-0.81), likely due to partial dependence on internal regulations, although the specific roles
depend on the investment horizon.

For policymakers, the evidence of strong cross-market linkages implies that domestic regulatory
measures may be insufficient to shield local real estate markets from external shocks.
Consequently, there is a need for enhanced policy coordination mechanisms, particularly regarding
climate policy and geopolitical risk management, to mitigate the transmission of systemic risk
across global REIT networks. The persistence of tail-risk spillovers further suggests that financial sta-
bility authorities should monitor higher-order moments as early warning indicators of systemic
stress. Returns show short-term dominance, volatility exhibits long-term persistence, and kurtosis
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shows the highest long-term connectedness. This pattern suggests that different policy tools are
needed for different types of real estate market stress: short-term return shocks can be addressed
through emergency liquidity provisions and market-making interventions; persistent volatility
requires sustained policy support, such as extended low interest rates or quantitative easing pro-
grams; and long-term tail risk necessitates structural reforms, macroprudential regulations, and
international policy coordination.

Methodologically, this study advances the literature by employing GARCH-Skewness-Kurtosis esti-
mates rather than realized measures. This approach effectively modeled the autoregressive struc-
ture of higher moments, confirming the presence of moment clustering. Although subject to
theoretical constraints in extreme tails, it offers enhanced forward-looking properties for dynamic
portfolio construction compared to ex-post realized measures.

This study provides robust evidence on higher-order connectedness in Asian REIT markets, but
several limitations warrant acknowledgment. These constraints suggest avenues for future research
and require caution when generalizing the findings.

First, the sample period spans from September 2016 to December 2023. This period covers sig-
nificant events such as the COVID-19 pandemic and the Russia-Ukraine conflict, but it excludes the
2008 Global Financial Crisis. The 2008 crisis originated within the real estate sector and may have
exhibited different transmission mechanisms compared to the external shocks analyzed here.
Consequently, the resilience of Asian REITs observed in this study may not fully capture behavior
during endogenous property crises.

Second, the study employs aggregate REIT indices, which mask heterogeneity across property
sectors. Shock transmission may differ significantly between residential, retail, industrial, and office
REITs. For instance, industrial REITs might be less sensitive to geopolitical risk than retail REITs dur-
ing lockdowns.

Third, the uncertainty proxies were selected based on data availability but may not align perfectly
with the study’s objectives. The Economic Policy Uncertainty (EPU) index is based on U.S. news-
paper coverage. Although U.S. policy has global implications, this proxy may not fully capture
domestic policy uncertainty in Japan, China, or Singapore. The China Climate Policy Uncertainty
(CCPU) index is region-specific, creating an asymmetry in how uncertainty is measured across
countries. This asymmetry likely explains why uncertainty factors exhibit relatively low and
unstable influence on the Asian REIT system.

Fourth, the GARCH-SK model relies on a Gram-Charlier series expansion to approximate the dens-
ity function. A known theoretical limitation of this approach is the potential for negative probabil-
ities in the extreme tails of the distribution, which could affect the precision of kurtosis estimates
during severe market stress. However, robustness checks using EWMA filters confirmed consistent
directional patterns, suggesting this limitation did not compromise the primary inference regarding
connectedness dynamics.

Fifth, a common question in connectedness literature concerns the feasibility of combining all
variables (returns, volatility, skewness, and kurtosis) into a single model to analyze combined con-
nectedness. Although a joint system incorporating all moments simultaneously could capture
cross-moment spillovers, such a specification was deemed infeasible due to the curse of dimen-
sionality inherent in TVP-VAR frameworks with daily data.

Sixth, the robustness checks revealed that kurtosis connectedness estimates are sensitive to prior
specifications in the TVP-VAR model. Specifically, the Minnesota Prior produced systematically dif-
ferent tail-risk estimates compared to the BayesPrior. This suggests that fourth-moment connected-
ness should be interpreted with caution.

Seventh, the portfolio analysis assumes frictionless markets with zero transaction costs and per-
fect liquidity. In practice, frequent rebalancing based on time-varying connectedness, correlation,
and variance may incur significant trading costs, particularly for less liquid Asian REITs. Moreover,
all constructed portfolios exhibited negative Sharpe ratios over the sample period. Although the
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volatility-based portfolio demonstrated relative outperformance, the absolute negative returns
highlight that connectedness minimization reduces risk but does not guarantee positive alpha dur-
ing sector-wide downturns.

Finally, the connectedness framework identifies predictive spillovers based on forecast error vari-
ance but does not isolate the structural channels (e.g., capital flows versus investor sentiment) driv-
ing these transmissions.
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Appendix 1 Glossary

BK-18 Barunik and Krehlik (2018) Frequency Connectedness
CCPU China Climate Policy Uncertainty index

cQ Cross Quantilogram

DY-12 Diebold & Yilmaz (2012) VAR Connectedness
EJC Extended Joint Connectedness

EPU Economic Policy Uncertainty index

FC Frequency Connectedness

GPR Geopolitical Risk Index

HE Hedging Effectiveness

LB Ljung-Box

McoP Minimum Connectedness Portfolio

MCP Minimum Correlation Portfolio

MVP Minimum Variance Portfolio

NPDC Net Pairwise Directional Connectedness

OoLS Ordinary Least Squares

TC Time Connectedness

TCl Total Connectedness Index

TVP-VAR  Time Varying Parameter Vector Autoregression
WC Wavelet Coherence
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