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1.	Introduction

The rapid development of global financial markets and the 
increasing uncertainty have significantly heightened inves-
tors’ demand for investment instruments with stable cash 
flows and diversification advantages (Shang et  al., 2024; 
Ma et al., 2025). Real Estate Investment Trusts (REITs), as a 
unique investment vehicle, provide investors with a chan-
nel to obtain real estate returns while maintaining high 
liquidity through the securitisation of real property (Baum, 
2021; Ying et  al., 2025). Since the US Congress passed 
REITs-related legislation in 1960, REITs have evolved into 
a global investment product. As of 2023, the total mar-
ket value of global REITs exceeded US$2 trillion, with the 
US REITs market, the largest and most mature globally, 
accounting for nearly 60% of the market share. The per-
formance of the US REITs market not only profoundly in-
fluences global investors’ asset allocation decisions but 

is also regarded as an important indicator of the overall 
health of the real estate market. Specifically, REITs, subject 
to unique regulatory requirements such as distributing at 
least 90% of taxable income to shareholders, exhibit in-
vestment characteristics such as high dividend yields and 
relatively stable cash flows. Consequently, REITs have as-
sumed an increasingly important role in the investment 
portfolios of both institutional and individual investors.

In recent years, the global economy has faced un-
precedented multiple types uncertainties. Since 2018, 
the escalation of the US-China trade conflict has signifi-
cantly increased global economic policy uncertainty (Ma 
& Appolloni, 2025; Zhang et  al., 2019). The outbreak of 
COVID-19 in 2020 triggered a global public health crisis 
and caused severe financial market volatility (Zeng et al., 
2025b). The Russia-Ukraine conflict in 2022 further exacer-
bated geopolitical risks and drove substantial fluctuations 
in global energy and commodity prices (Zeng et al., 2024). 
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Meanwhile, the monetary policies of major global econo-
mies have experienced a significant shift from extreme 
easing to rapid tightening, particularly the Federal Re-
serve’s aggressive interest rate hike cycle initiated in 2022, 
which has introduced substantial uncertainty into financial 
markets. These macroeconomic uncertainties influence fi-
nancial market volatility through various channels. Existing 
research indicates that economic policy uncertainty has a 
significant impact on asset prices and investor behaviour, 
potentially leading to increased risk premia, delayed in-
vestment decisions, and reduced market liquidity (Jackson 
& Orr, 2019; Ke et al., 2025). However, such research has 
predominantly focused on the stock market, with relatively 
limited attention paid to the REITs market. Given REITs’ 
dual nature—exhibiting characteristics of both equities 
and real estate—different types of uncertainty may affect 
the REITs market through more complex mechanisms. On 
one hand, as publicly traded securities, REITs are influ-
enced by market sentiment and macroeconomic factors 
similar to common stocks. On the other hand, their un-
derlying real estate assets mean that REITs’ performance is 
also closely related to real estate market fundamentals and 
long-term economic trends. This dual nature underscores 
the theoretical and practical significance of investigating 
the impact of uncertainty on the REITs market.

In the past decade, significant advancements have 
been made in the measurement of uncertainty. In addi-
tion to traditional market volatility indicators, research-
ers have developed a variety of specialised uncertainty 
indicators that capture the diverse uncertainties faced 
by economic and financial markets from different per-
spectives. These indicators provide rich data support 
for studies on the impact of uncertainty. The multiple 
types nature of market uncertainty makes it particularly 
important to comprehensively assess its impact on the 
REITs market. For example, the VIX index, known as the 
“fear index,” not only reflects the expected volatility of 
the stock market but is also widely used as a barom-
eter of overall market sentiment (Lu & Zeng, 2023; Zeng 
et al., 2025a). The OVX and GVZ indices, representing the 
volatility of the energy and gold markets respectively, 
are potentially related to the real estate industry (Shahid 
et al., 2023; Wu et al., 2025). Fluctuations in energy prices 
affect real estate operating costs, while gold, as a safe-
haven asset, may reflect investors’ allocation demands 
for physical assets through its volatility. The Financial 
Stress Index (FSI), which integrates multiple types finan-
cial market indicators, provides a comprehensive measure 
of systemic risk and helps to understand how financial 
stress is transmitted to the REITs market (Armah et  al., 
2022). The Economic Policy Uncertainty (EPU) and Geo-
political Risk (GPR) indices characterise macroeconomic 
uncertainty from policy and international relations per-
spectives, respectively. These factors may influence REITs 
performance through channels such as investor expecta-
tions and financing costs (Bossman et al., 2023). In the 
current context of multiple types challenges facing the 
global economy, understanding how different types of 

uncertainty collectively impact the REITs market is of sig-
nificant guiding importance for investors’ risk manage-
ment and asset allocation decisions.

Traditional studies have primarily employed linear 
models to analyse the relationship between uncertainty 
and asset returns, such as Vector Autoregression (VAR) and 
Generalised Autoregressive Conditional Heteroskedasticity 
(GARCH) models. However, these methods have several 
limitations. First, they struggle to capture dynamic associa-
tions across different time scales (Ben Amor et al., 2025). 
Second, they typically assume linear relationships between 
variables, neglecting the non-linear characteristics preva-
lent in financial markets (Rubio et al., 2023). Third, they are 
unable to effectively characterise tail correlations under 
extreme market conditions (Yang et al., 2025). In contrast, 
the wavelet coherence estimation employed in this work 
offers significant advantages. This method allows for the 
simultaneous analysis of correlations between variables in 
both the time and frequency domains, revealing associa-
tion characteristics across different investment horizons 
(Basdekis et al., 2022; Ahmed, 2022). Additionally, wavelet 
quantile correlation analysis can characterise non-linear 
dependencies under different market conditions, par-
ticularly the correlation structure under extreme market 
conditions, providing a new perspective for understand-
ing the transmission structures of uncertainty (Patel et al., 
2023). Furthermore, the Wavelet Local Multiple Correlation 
(WLMC) methodology extends beyond traditional wavelet 
coherence by enabling multivariate analysis within a uni-
fied framework. This approach addresses a critical limita-
tion of bivariate analyses where observed relationships 
may conflate direct effects with indirect spillovers medi-
ated through correlated uncertainty measures (Polanco-
Martínez et al., 2020). WLMC simultaneously incorporates 
multiple variables to isolate each indicator's net contribu-
tion whilst accounting for interdependencies, thereby pro-
viding more accurate identification of transmission mech-
anisms. Additionally, the dominant variable identification 
capability within WLMC reveals which uncertainty source 
exerts the strongest influence at each time-frequency lo-
cation, offering crucial insights for dynamic risk manage-
ment that cannot be obtained through sequential bivariate 
comparisons (Zeng et al., 2024).

This study makes the following contributions to the 
existing literature. First, it is the first to systematically ex-
amine the comprehensive impact of multiple types un-
certainty indicators, including the VIX, on the US REITs 
market, revealing potential synergistic effects between 
different types of uncertainty. Second, through wavelet 
coherence analysis, this study identifies dynamic associa-
tions between uncertainty and REITs returns across differ-
ent time scales, which is of significant practical importance 
for investors with varying investment horizons. Third, using 
wavelet quantile correlation analysis, this study explores 
the transmission effects of uncertainty under extreme mar-
ket conditions, offering important insights for risk man-
agement and market regulation. By employing multivari-
ate WLMC analysis to simultaneously control for multiple 
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uncertainty sources, this study isolates each indicator's in-
dependent contribution to REITs market dynamics across 
different time-frequency domains. These findings not only 
enrich the theoretical understanding of the relationship 
between REITs markets and macroeconomic uncertainty 
but also provide important empirical evidence for inves-
tors to formulate investment strategies and for policymak-
ers to conduct market regulation.

The study’s results reveal that the relationships be-
tween uncertainty indicators and the REIT market ex-
hibit significant time-frequency characteristics, quantile 
dependencies, and dynamic evolution. First, Geopolitical 
Risk (GPR) demonstrated a safe-haven function at medi-
um-high quantiles in high-frequency bands, particularly 
in the short-to-medium-term frequency domains dur-
ing 2015–2016 and 2020–2021. Second, market volatility 
(VIX) showed a significant negative correlation across all 
quantiles in the lowest frequency band, with this nega-
tive impact intensifying in the medium-to-long-term fre-
quency domain during the COVID-19 period (2020–2022). 
Moreover, volatility changes preceded REIT market ad-
justments. Third, Economic Policy Uncertainty (EPU) ex-
hibited a positive correlation at medium-high quantiles 
in medium-frequency bands, with this influence persisting 
in the long-term frequency domain after 2020 and policy 
changes leading market reactions. Fourth, Financial Stress 
(FSI) showed a negative correlation at most quantiles in 
medium-frequency bands and maintained a stable strong 
correlation with REITs in the medium-to-long-term fre-
quency domain (64–256 days) after COVID-19. Fifth, the 
impact of commodity market uncertainty (OVX and GVZ) 
demonstrated pronounced frequency-quantile dependen-
cy, with this relationship significantly strengthening dur-
ing the pandemic period, particularly in the medium-to-
long-term frequency. Overall, the associations between all 
uncertainty indicators and REITs were generally enhanced 
after COVID-19, indicating that uncertainty factors had a 
more noticeable and persistent influence on the REIT index 
during the crisis.

The following sections include the literature review, 
methodology and data, interpretation of empirical analysis 
results, and conclusions.

2.	Literature review

Real Estate Investment Trusts (REITs), as a unique asset class, 
hold significant importance in global financial markets, par-
ticularly in the United States, where their market maturity 
and liquidity make them an essential tool for portfolio di-
versification (Zeng, 2026). However, the performance of RE-
ITs is driven not only by the fundamentals of the real estate 
market but also by macroeconomic conditions and finan-
cial market volatility. In recent years, economic and finan-
cial uncertainty has become a focal point of research due 
to its increasingly evident impact on asset prices, investor 
behaviour, and market dynamics. This review synthesises 
relevant literature into two main streams: the interactive ef-

fects of REITs with other financial markets, and the specific 
impacts of economic and financial uncertainty indices on 
financial markets, particularly REITs. While a growing body 
of literature has begun to explore this nexus, such as the 
work by Charif et al. (2022) which investigated the impact 
of EPU on US REIT ETFs using a quantile framework, our 
study contributes by providing a more comprehensive and 
nuanced analysis. This paper distinguishes itself from previ-
ous research, including Charif et al. (2022), primarily by si-
multaneously examining a broader spectrum of uncertainty 
indicators—encompassing not only economic policy but 
also financial market and geopolitical risks. Furthermore, 
our research utilises a more encompassing US REIT index 
rather than focusing solely on ETFs. This multifaceted ap-
proach allows us to systematically dissect and compare the 
heterogeneous impacts of different uncertainty sources on 
the broader REIT market, thereby offering a more granular 
understanding of the risk landscape.

2.1. The interactive effects of REITs with other 
financial markets
As a hybrid asset class, the relationship between REITs and 
other financial markets has been a key area of research. 
Existing literature indicates that REIT returns are correlat-
ed with stock market performance. For example, Laopodis 
(2009) analysed US market data and found a positive cor-
relation between REIT and stock market returns, especially 
during economic expansions. REITs were found to act as a 
hedge against stock market volatility, although their effec-
tiveness varied across different economic cycles. Similarly, 
Liu et al. (2012) employed a DCC-GARCH model to exam-
ine the time-varying correlations between REIT markets in 
the US, Australia, Hong Kong, Japan, and Singapore. They 
found that these correlations were significantly influenced 
by factors such as inflation rates, global stock market un-
certainty, US default risk premiums, and trading volumes, 
with currency conversion having minimal impact on the 
dynamics.

The impact of REITs on real estate market liquidity has 
also garnered attention. Morri and Parri (2017) discovered 
that asset tangibility was positively correlated with crises, 
while operating risk was negatively correlated with growth 
opportunities. Financial economic crises (FEC) intensified 
these effects, with the trade-off theory (TOT) dominat-
ing the explanation of financing decisions. DiBartolomeo 
et  al. (2021) found that equity REITs, due to their high 
cash dividend requirements, exhibited negative sensitiv-
ity to market liquidity shocks. Compared to non-REIT real 
estate firms, REIT prices rose relatively during liquidity de-
clines, a characteristic independent of property type and 
more pronounced among small REITs with high dividend 
frequencies. This suggests that REITs’ mandatory dividend 
requirements reduced investors’ liquidity risk. Downs and 
Zhu (2022) analysed REIT samples and found that hold-
ing more cash and having higher property market liquidity 
both enhanced REIT stock liquidity, particularly in environ-
ments with low growth opportunities.
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adjusted more efficiently than the stock market, especially 
during periods of strong sentiment, and that bidirectional 
causal relationships existed in most cases.

These findings suggest that systematic tracking of un-
certainty indices can enable investors to better anticipate 
REIT market movements and adjust portfolio allocations 
accordingly, potentially reducing personal uncertainty 
in investment decisions as highlighted by Harper et  al. 
(2025). Despite the insights provided by the above studies, 
several controversies remain in the literature regarding the 
relationship between REITs and uncertainty indicators. Ad-
ditionally, there is ongoing debate about the selection of 
uncertainty indicators and their impact mechanisms on RE-
ITs. For example, different types of uncertainty (economic, 
financial, political) may have varying effects on REITs, but 
consensus has yet to be reached in the existing literature. 
This study further explores the asymmetric impact of dif-
ferent uncertainty indicators on the US REIT index to fill 
the research gap.

3.	Methodology and data

3.1. Wavelet coherence
In a framework encompassing both temporal and frequen-
cy dimensions, the correlation and temporal precedence 
relationship between REIT and uncertainty indices were 
examined through the application of wavelet coherence 
estimation, as per the methodology outlined by Torrence 
and Compo (1998).

The wavelet coherence as,
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where Im and Re point out the imaginary part and real 
section of the spectrum of smooth power, respectively. 

xyφ  can show the correlation and forward lag (causality) 
of two indices.

3.2. Wavelet quantile
Kumar and Padakandla (2022) combined the Quantile Cor-
relation (QC) approach to the Wavelet QC (WQC). This new 
structure obeying for a more concise measure of the link 
between two assets, L and S. ,LQτ  correspond to the th τ  

2.2. The impact of uncertainty indices on 
financial markets
The impact of uncertainty indices (such as economic policy 
uncertainty and financial uncertainty) on financial markets 
has been a hot topic in recent years, especially their po-
tential influence on REIT indices. Existing literature shows 
that uncertainty indicators significantly affect REIT returns, 
volatility, and investor sentiment. For instance, Alcock and 
Steiner (2018) found that small REITs with low systemic risk, 
low short-term momentum, low turnover, and high growth 
opportunities exhibited strong long-term momentum. Lev-
erage was identified as the primary driver of asymmet-
ric risk, significantly influencing REIT returns, particularly 
during crises. Cepni et  al. (2021) applied a proxy SVAR 
framework to research the influence of uncertainty shocks 
on REIT from 1972 to 2015. They found that the nega-
tive effects of uncertainty shocks were more pronounced 
in the post-global financial crisis (GFC) period, surpassing 
the impact of news shocks, and that pre-GFC effects were 
overestimated, contrary to intuition. Similarly, Wang et al. 
(2023) combined oil price uncertainty indicators (oil RV 
and implied volatility, i.e., oil VIX) to predict the realised 
variance (RV) of REITs in ten major markets and regions. 
The results showed significant improvements in predictive 
performance, both statistically and economically. 

Building on Harper et al. (2025), who demonstrate that 
market sentiment influences investor uncertainty through 
implied volatility dynamics, understanding these uncer-
tainty-return relationships provides practical investment 
implications. Demiralay and Kilincarslan (2024) employed 
a nonlinear Markov method to research the influence of 
uncertainty indicators on US REIT returns, finding that the 
effects varied by institution and industry. In bear markets, 
office and hotel REITs were most sensitive, while residential 
and healthcare REITs exhibited different responses, reveal-
ing asymmetric nonlinear relationships.

Investor sentiment is also significantly affected in 
uncertain environments. Huerta et  al. (2016) found that 
institutional investor sentiment had a more pronounced 
asymmetric impact on REIT returns and volatility than in-
dividual investors. Institutional bearish expectations had a 
more significant negative impact on returns and volatil-
ity, reflecting systematic risk from noise trading and loss-
aversion tendencies. Letdin et al. (2022) emphasised that 
over half of the cross-sectional variation in REIT net asset 
value premiums could be explained by firm characteristics. 
Sentiment-driven components were negatively correlated 
with future returns, while characteristic-driven compo-
nents showed a weak positive correlation. A long-short 
strategy based on sentiment-driven premiums yielded 9% 
annually, highlighting the key role of investor sentiment 
in REIT pricing. Chiang and Tsai (2023) used a threshold 
error correction model to examine the asymmetric adjust-
ment behaviour and causal relationships between REIT and 
stock prices under different regimes defined by investor 
sentiment indicators (such as VIX, VXO, put-call ratios, and 
Google search indices). They found that the REIT market 
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quantile of L, and ( ),SQ Lτ  is with the th τ  quantile of S, 
suppose that L as the requirement. Next, it need to focus 
on that L function is independent.

Quantile covariance as,
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Then we need to decompose the pairs Lt and St at 
quantile jth, applying specify functions to calculate the 
WQC for every degree j. And the calculation of WQC as:
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where L and S indicate the independent and dependent 
indices, respectively.

3.3. Wavelet local multiple correlation 
The work adopted the Wavelet Local Multiple Correlation 
(WLMC) method developed by Polanco-Martínez et  al. 
(2020) as the primary robust test for main empirical ex-
amination. This innovative methodology was applied to 
multidimensional temporal sequence datasets, which were 
denoted as X, set as the periods t = 1, …, T. And details 
that for any (xi ∈ X), a strategy involving the weighted sum 
of squared discrepancies can be engaged through local-
ized regression at a determined point ( [1, ..., ])s T∈ .
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fs(Xi) demonstrates a local function pertaining to s and q(x) 
with {xt}, representing a predetermined moving weighted 
average function that is reliant on the horizon between Xt 
and Xs. The corresponding local determination parameters, 
which vary over time:
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TWSSs show the aggregate of squares weighted for 
totality, while RwSSs correspond to the sum of squares 
weighted for residuals.

For scale j, designate ( )1 , ,jt jt njtW w w= …  as the wave-
let components obtained using the maximal overlap dis-
crete wavelet transform on every indicator ix X∈ , denoted 
by   1  , , i n= … . Within each wavelet scale j, it is possible to 
estimate the WLMC coefficient ( ),X S jϕ λ  as the highest 

regression parameter determination for the linear combi-
nation of indicators wij, i = 1, …, n, achieving the peak of 
parameter determination.

( ) 2 ,  1, ..ˆ 1,r j jsX R j js Tϕ λ = = … = …… .	 (9)

Next, the correlation squared between the fitted values 
and the multiple local regression values of qi, using other 
system elements, is mirrored by the ˆ

iZ  coefficients. Pre-
sented below is the estimator for WLMC.

( ) ( )1/2
1/2 2corr (( )) ,ˆ , ( ) 1,s j ij r ijX t r W Z t s W s Tϕ λ = ϑ − ϑ − = … ,

(10)
where wij is set in a manner that enhances the determina-
tion of coefficients through local regression involving the 
{ ,  }kjw k i≠  predictors; wij also serves to depict the resultant 
vector of estimates.

3.4. Data description
The sample period for this study is from 1 August 2011 to 
30 August 2024. The start date was specifically chosen to 
follow the immediate aftermath of the 2008 Global Finan-
cial Crisis (GFC), an event triggered by the U.S. subprime 
mortgage crisis. We exclude the GFC period because this 
crisis originated within the real estate and credit markets, 
causing a fundamental structural shock to the very foun-
dation of REITs. The extreme and systemic volatility during 
this time was unique, and its inclusion could dispropor-
tionately influence our econometric estimates, potentially 
masking the more conventional relationships between the 
uncertainty indices and REIT returns that this study aims 
to investigate. By beginning our analysis in 2011, we focus 
on the post-crisis era, which allows for a more stable and 
generalizable examination of the market dynamics. This 
selected timeframe is also advantageous as it encom-
passes several subsequent major global events, including 
the US-China trade conflict, the COVID-19 pandemic, and 
the Russia-Ukraine conflict, providing a rich setting for our 
analysis.

All data series were collected at a daily frequency. Giv-
en that the various markets operate on different trading 
schedules and holidays, we synchronised the dataset by 
retaining only the dates for which all series had observa-
tions; dates with any missing values were removed. This 
procedure ensures a perfectly aligned timeline across all 
variables. REITs return data were sourced from the CRSP/
Ziman Real Estate Database. The Financial Stress Index 
(FSI), market volatility index (VIX), and Economic Policy 
Uncertainty (EPU) index data were obtained from the Fed-
eral Reserve Bank of St. Louis (FRED). The Geopolitical Risk 
(GPR) index was obtained from the publicly available data 
provided by Caldara and Iacoviello (2022) at https://www.
matteoiacoviello.com/gpr.htm. The energy market volatil-
ity index (OVX) and the gold market volatility index (GVZ) 
were sourced from the Datastream database. The selec-
tion of these data sources was predicated on their con-
tinuity, reliability, and authoritativeness, thereby ensuring 

https://www.matteoiacoviello.com/gpr.htm
https://www.matteoiacoviello.com/gpr.htm
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the robustness and credibility of our findings. It is worth 
noting that all uncertainty indices employed in our study 
are grounded in the US market and US economic context, 
ensuring consistency and comparability among the indices 
while avoiding potential biases and noise that could arise 
from cross-country data integration.

4.	Empirical analysis

Table  1 provides the results of descriptive statistics. In 
terms of mean values, most indicators exhibited positive 
values, with EPU and GPR recording the highest means at 
116.804 and 111.779, respectively. This suggests that these 
two indices were generally at high levels throughout the 
sample period. FSI was the only indicator with a negative 
mean (–0.708), while the mean of REIT returns was close 
to zero (0.018), indicating relatively balanced fluctuations 
for these two indicators over the sample period.

Regarding volatility, variance data revealed that EPU 
experienced the most significant fluctuations, with a vari-
ance of 7556.109. GPR was the second most volatile, with a 
variance of 2531.12. In contrast, FSI had the smallest vari-
ance (0.735), indicating relative stability. These differences 
in volatility reflect varying sensitivities of the indicators to 
market shocks.

Skewness data showed that all indicators except REIT 
returns exhibited positive skewness, with OVX recording the 
highest skewness at 5.187. This suggests that the distribu-
tions of these indicators were right-skewed, with a higher 
probability of extreme positive values. The negative skew-
ness of REIT returns (–1.331) indicated a left-skewed distri-
bution, with a greater likelihood of extreme negative values.

In terms of kurtosis, all indicators had values higher 
than 3 (the kurtosis of a normal distribution), indicating a 
“leptokurtic” distribution with fatter tails. OVX and REIT re-
turns had the highest kurtosis values at 47.739 and 23.564, 
respectively, suggesting a higher propensity for extreme 
values.

The results of Jarque-Bera test indicated that all indica-
tors rejected the null hypothesis of normal distribution at 
the 1% significance level. The Elliot-Rothenberg-Stock test 
confirmed that all series were stationary, providing a reli-
able basis for subsequent statistical analyses.

Figure  1 presents the time-series trends of the vari-
ables from 2011 to 2024. Overall, all indicators exhibited 

significant peaks in volatility at the beginning of 2020, 
likely attributable to the global outbreak of COVID-19. 
Specifically, the REIT index generally displayed relatively 
stable fluctuations but experienced severe volatility in 
2020. The FSI maintained a low level overall, except for its 
peak in 2020. The VIX demonstrated typical characteristics 
of a “fear index,” with sharp increases during periods of 
market stress. The GPR showed frequent fluctuations, with 
a notable increase in 2022, possibly related to heightened 
global geopolitical tensions. The EPU exhibited increased 
volatility in recent years, with a new peak in early 2024. 
The OVX also experienced severe volatility in 2020, reflect-
ing significant uncertainty in the energy market at that 
time. The GVZ displayed relatively mild fluctuations but 
still indicated increased demand for safe-haven assets dur-
ing crises. These changes collectively reflected the various 
significant events and risk shocks experienced by global 
financial markets over the past decade.

Table 1. Descriptive statistics

REIT FSI VIX GPR EPU OVX GVZ

Mean 0.018 –0.708 18.073 111.779 116.804 37.352 16.882
Variance 1.712 0.735 51.61 2531.129 7556.108 327.628 23.125
Skewness –1.331 1.86 2.484 2.048 2.808 5.187 1.365
Kurtosis 23.564 6.116 11.228 9.2 12.506 47.739 3.571
JB 76785.322*** 6998.468*** 20584.839*** 13846.972*** 25662.523*** 325872.582*** 2757.880***
ERS –3.935*** –2.690*** –4.407*** –9.953*** –2.495** –5.509*** –4.473***
Notes: The ERS test is a unit root test, while the JB test is a normality test. The notation *** indicates significance at the 1% level.

Figure 1. The trends of the variables



International Journal of Strategic Property Management, 2026, 30(1), 63–75 69

Table 2. BDS test

Variable Optimal_dimension Optimal_Eps Statistic P_value Nonlinearity

REIT 8 0.654266267213022 45.0081495889036 0.001 Yes
FSI 8 0.428537251734582 16161.4677354396 0.001 Yes
VIX 8 3.59201525718744 2813.22788904187 0.001 Yes
GPR 8 25.1551612186772 75.421389198429 0.001 Yes
EPU 8 43.4629386445454 150.837051063336 0.001 Yes
OVX 8 9.05024486184329 3237.89802070906 0.001 Yes
GVZ 8 2.4044470957836 16965.0064727401 0.001 Yes

Notes: This figure depicted the associative intensity amongst various uncertainty indices and the REIT benchmark throughout diverse temporal frameworks 
(portrayed on the vertical dimension, spanning from 2–4 day periods to 256–512 day intervals) and quantile thresholds (represented along the horizontal 
dimension, extending from 0.01 through 0.99). The chromatic spectrum transitioned from deep purple (denoting feeble association) towards intense orange 
(signifying robust association), demonstrating the fluctuation in the magnitude of relationship betwixt the pair.

Figure 2. The wavelet quantile relationships between GPR and REITs
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quencies (16–32 days) and higher quantiles, this negative 
correlation was weaker, suggesting that the REIT market 
exhibited some resilience under extreme conditions.

The relationship between GVZ and REITs showed a 
positive correlation across all quantiles at lower frequen-
cies (8–16 days). This suggests that when safe-haven sen-
timent increased, leading to higher gold market volatility, 
the REIT market also experienced positive effects, indicat-
ing that REITs may have some safe-haven characteristics. 
However, at higher frequencies (64–128 days), this positive 
correlation weakened, suggesting that the safe-haven ef-
fect was primarily evident in the short term.

Overall, this study used wavelet quantile analysis to 
examine the relationships between various uncertainty 
indicators and the US REIT market, revealing several im-
portant findings. First, different types of uncertainty had 
distinct time-frequency and quantile-dependent effects on 
the REIT market. In the short term, VIX and FSI generally 
had negative impacts on REITs, reflecting the immediate 
transmission of market panic. Second, GPR and EPU exhib-
ited positive correlations with REITs in the medium-to-long 
term, suggesting that REITs may serve as partial safe-haven 
assets during periods of high uncertainty. Additionally, the 
impact of commodity market uncertainty, such as OVX and 
GVZ, varied across time scales and market conditions. This 
dynamic relationship provides important insights for risk 
management. These findings not only deepen our under-
standing of how the REIT market responds to various un-
certainties but also offer empirical evidence for investors’ 
asset allocation decisions in different market environments.

Based on Figure 3, the wavelet coherence relationships 
between various economic and financial uncertainty indi-
ces and the US REIT index are explained. For the relation-
ship between the GPR and REITs, intermittent coherence 
was observed in the short- and medium-term frequency 
bands (4–64  days), particularly during the periods of 
2015–2016 and 2020–2021. The enhanced coherence dur-
ing these periods may be associated with significant geo-
political events, such as trade disputes and the COVID-19 
pandemic. In the long-term frequency band (64–256 days), 
stronger coherence emerged after 2022, with arrows indi-
cating the right and downwards, denoting that geopolitical 
risk led the movement of the REIT market.

The FSI exhibited a more pronounced pattern of co-
herence with REITs. Strong coherence was maintained 
throughout the sample period, particularly in the medi-
um- to long-term frequency band (64–256 days). Notably, 
after the outbreak of COVID-19 in 2020, the coherence 
in the long-term frequency band significantly intensified, 
with the expansion of red areas and arrows indicating that 
changes in financial stress preceded movements in the 
REIT market. This reflects the substantial impact of finan-
cial market stress on REITs.

The coherence map between the VIX Volatility Index 
and REITs showed large red areas in the medium- to 
long-term frequency band during the COVID-19 period 
(2020–2022), with arrows pointing to the right and down-
wards. This indicates that increases in market volatility led 

Table 2 presents the results of the BDS test for all seven 
variables. The test revealed that all variables exhibited sig-
nificant non-linear characteristics at the optimal embed-
ding dimension of 8, with p-values of zero, well below the 
significance level of 0.05. The values of the BDS statistics 
were quite large, ranging from a minimum of 45.01 to a 
maximum of 16,965.01, which further reinforced the ro-
bustness of rejecting the null hypothesis. Notably, the BDS 
statistics for FSI, VIX, OVX, and GVZ were particularly high, 
suggesting that these variables may have stronger non-
linear dependencies. These findings indicated that none 
of the variables were independently and identically distrib-
uted (IID), and their time-series behaviour likely contained 
complex non-linear dynamic features. This has important 
implications for the choice of modelling and forecasting 
methods for these variables, suggesting that models ca-
pable of capturing non-linear characteristics should be 
employed.

Figure 2 presents the wavelet quantile relationships be-
tween GPR and REITs. At higher frequencies (64–128 days), 
geopolitical risk exhibited a significant positive correlation 
with REITs at medium-to-high quantiles. This suggests that 
in the short term, increases in geopolitical risk led inves-
tors to allocate more funds to the REIT market, likely be-
cause REITs were perceived as relatively safe haven assets. 
However, at lower frequencies (128–256 days) and lower 
quantiles, a negative correlation was observed, indicating 
that long-term geopolitical risk could erode investor con-
fidence in the REIT market.

The relationship between OVX and REITs revealed that 
at higher frequencies (32–64 days), the oil volatility index 
was generally negatively correlated with REITs across all 
quantiles. This implies that short-term increases in oil price 
volatility had a negative impact on the REIT market, pos-
sibly due to heightened uncertainty in operating costs. At 
lower frequencies (128–256 days), this negative correlation 
weakened, suggesting that the REIT market could better 
absorb and adapt to the effects of oil price volatility over 
the long term.

The analysis of VIX and REITs showed a significant 
negative correlation across all quantiles at the lowest fre-
quencies (2–4 days). This reflects the immediate impact of 
market panic on REITs. Interestingly, at higher frequencies 
(256–512 days) and higher quantiles, this negative correla-
tion diminished, indicating that the REIT market had some 
capacity to withstand volatility over the long term.

The relationship between EPU and REITs revealed a 
positive correlation at medium frequencies (64–128 days) 
and medium-to-high quantiles. This suggests that during 
periods of increased policy uncertainty, investors favoured 
REITs due to their stable cash flows. However, at lower 
frequencies (128–256 days), this positive correlation weak-
ened, indicating that the long-term impact of policy uncer-
tainty was gradually absorbed by the market.

The analysis of FSI and REITs indicated a negative 
correlation at most quantiles at medium frequencies 
(32–64 days), reflecting the short-term negative impact of 
financial market stress on REIT performance. At higher fre-



International Journal of Strategic Property Management, 2026, 30(1), 63–75 71

Notes: The figure presented wavelet coherence outcomes amongst diverse uncertainty indices and the REIT index. The horizontal dimen-
sion depicted the temporal domain (encompassing the complete sampling interval), whilst the vertical dimension illustrated the frequency 
domain (spanning from 4 through 256 day periods). Co-movement magnitude was denoted by chromatic variations positioned on the 
diagram's right portion; intensified hues (with crimson representing maximum intensity) indicated more robust absolute associations, whe-
reas subdued tones (with azure representing minimum intensity) suggested diminished associations. The saturation of intense colouration 
or existence of minute crimson patches demonstrated enhanced consistency amongst the indicators. Directional markers were employed 
to portray phase connections between indicator pairs, with zero phase differential implying simultaneous movement at a specified scale. 
During synchronised (or opposing) alignment scenarios, markers directed rightward (or leftward). Markers oriented towards the upper 
right or lower left suggested the initial indicator preceded (or the subsequent indicator delayed), whilst markers directed towards the 
lower right or upper left revealed the subsequent indicator preceded (or the initial indicator delayed). These findings within this analysis 
demonstrated grey interrupted lines, signifying that association between regions achieved statistical significance at the 5% threshold.

Figure 3. The wavelet coherence relationships between various economic and financial uncertainty
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the adjustment of the REIT market. This pattern suggests 
that heightened market volatility had a significant nega-
tive impact on the REIT market during the crisis. A similar 
pattern was observed in the relationship between the GVZ 
and REITs, although the strength of coherence was rela-
tively weaker.

The coherence map between the US EPU Index and RE-
ITs revealed significant red areas in the long-term frequency 
band after 2020. This suggests that increases in domestic 
policy uncertainty in the US had a persistent impact on 
the REIT market. The direction of the arrows indicates that 
changes in policy uncertainty often preceded movements 
in the REIT market. This relationship was particularly evi-
dent during the COVID-19 period, likely reflecting the mar-
ket’s sensitivity to US fiscal and monetary policy responses. 
Similarly, the relationship between the OVX and REITs also 
showed enhanced coherence during the pandemic period, 
especially in the medium- to long-term frequency band.

Overall, the relationships between these uncertainty indi-
ces and the REIT market generally intensified after the out-
break of COVID-19, particularly in the medium- to long-term 
frequency bands. This indicates that during the crisis, vari-
ous sources of market uncertainty had a more pronounced 
and persistent influence on the REIT market. Financial stress, 
market volatility indices, and US economic policy uncertainty 
all exhibited significant impacts on the REIT market, espe-
cially over longer time scales. These findings are of signifi-
cant importance for understanding how uncertainty factors 
are transmitted to the real estate financial market.

We further conduct robustness tests based on the 
quantile regression results presented in Table 3. This re-
search reveals the heterogeneous impact mechanisms of 
different uncertainty indices on the REIT index under vary-
ing market conditions, providing crucial robustness verifi-
cation for our primary empirical findings.

The quantile regression results in Table  3  are highly 
consistent with the core findings of the wavelet quantile 
analysis (Figure 2), particularly in revealing the conditional 

dependence of uncertainty indices' effects on REIT mar-
kets. Specifically, the FSI demonstrates significant quantile-
dependent characteristics, with the most severe negative 
impact occurring under extremely low quantiles (Q05), 
where the coefficient reaches  –0.5527. As quantiles in-
crease, the negative effects gradually diminish, approach-
ing zero at the median (Q50) with a coefficient of –0.0167, 
whilst transitioning to positive influence at high quantiles 
(Q95) with a coefficient of 0.105. This transition mechanism 
perfectly aligns with the findings in Figure 2, where FSI ex-
hibits negative correlation with REITs at medium frequen-
cies and weakening negative correlation at high quantiles. 
It also resonates with the evidence presented in Figure 3, 
which shows persistent strong coherence between FSI and 
REITs in medium- to long-term frequency bands.

The VIX presents even more extreme quantile effects, 
with the negative impact coefficient reaching –0.6949 at 
the lowest quantile (Q05), reflecting the significant amplifi-
cation effect of market panic sentiment on distressed REIT 
markets. However, it turns positive at the Q75 quantile 
(0.0201) and reaches 0.1808 at the highest quantile (Q95). 
This perfectly corroborates the findings in Figure 2, where 
VIX shows significant negative correlation with REITs at the 
lowest frequencies and weakening negative correlation 
under long-term high quantile conditions. It also mutually 
supports the evidence shown in Figure 3, which demon-
strates VIX's strong coherence in medium- to long-term 
frequency bands during the COVID-19 period.

Furthermore, we observe that GPR's impact pattern 
is relatively complex but highly consistent with previous 
wavelet analysis results. At the lowest quantile (Q05), it 
exhibits positive influence (0.1852), which may reflect in-
vestors' hedging behaviour during extremely pessimistic 
periods. However, it transitions to negative influence in 
the medium quantile range (Q25 to Q50), with the low-
est point occurring at the median (–0.0951), whilst under 
high quantile conditions, the impact tends towards neu-
trality or slight positivity. We can argue that this nonlinear 
pattern completely conforms to the findings in Figure 2, 
where GPR shows positive correlation with REITs at high 
frequencies and medium-high quantiles, but negative cor-
relation at low frequencies and low quantiles. This is also 
consistent with the time-varying characteristics shown in 
Figure 3, which displays GPR's intermittent coherence dur-
ing 2015–2016 and 2020–2021, as well as strong coher-
ence in long-term frequency bands after 2022.

Additionally, EPU's quantile effect pattern resembles 
that of FSI and VIX but with relatively moderate impact 
magnitude. Under low quantile conditions (Q05), the 
negative impact reaches –0.4026, turning positive at the 
Q75 quantile (0.0486), and further strengthening to 0.09 at 
the highest quantile (Q95). Interestingly, this corroborates 
the findings in Figure  2, where EPU shows positive cor-
relation with REITs at medium frequencies and medium-
high quantiles, as well as the evidence in Figure 3, which 
demonstrates EPU's significantly enhanced coherence in 
long-term frequency bands after 2020.

Table 3. Quantile regression results of uncertainty indices on 
US REIT returns

Index Q05 Q25 Q50 Q75 Q95

FSI –0.5527 –0.1706 –0.0167 –0.0131 0.105
VIX –0.6949 –0.257 –0.0652 0.0201 0.1808
GPR 0.1852 –0.0198 –0.0951 –0.0027 0.008
EPU –0.4026 –0.138 –0.0807 0.0486 0.09
OVX –0.4819 –0.1638 –0.0262 0.026 0.1197
GVZ –0.4851 –0.1164 –0.0742 –0.011 0.1473

Notes: This table presents the quantile regression coefficients of various 
uncertainty indices on US REIT returns across different quantiles (Q05, Q25, 
Q50, Q75, Q95). The coefficients indicate the marginal effects of a one-unit 
increase in each uncertainty index on REIT returns at the corresponding 
quantiles. Positive coefficients suggest that increases in uncertainty lead 
to higher REIT returns, while negative coefficients indicate adverse effects. 
The quantile regression methodology allows for examining the heteroge-
neous effects of uncertainty across different market conditions, with Q05 
representing extremely bearish market conditions and Q95 representing 
extremely bullish market conditions. Standard errors are robust to hetero-
scedasticity and autocorrelation.
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Finally, both OVX and GVZ exhibit similar quantile-
dependent patterns, with GVZ displaying a more extreme 
pattern. GVZ shows negative influence of –0.4851 at low 
quantiles (Q05) and positive influence of 0.1473 at high 
quantiles (Q95), representing one of the highest positive 
coefficients among all indices. We can argue that these 
findings are consistent with the results in Figure 2, where 
OVX shows negative correlation with REITs at high frequen-
cies and GVZ shows positive correlation at low frequencies. 
They also align with the evidence shown in Figure 3, which 
demonstrates enhanced coherence of these commodity 
market uncertainty indices during the COVID-19 period.

In summary, the key findings from Table  3, serving 
as a robustness test, indicate that the quantile regres-
sion results not only systematically reveal the conditional 
dependent nature of multiple types uncertainty factors' 
impacts on REIT markets, but more importantly, provide 
robust statistical verification for the nonlinear dynamic 
characteristics discovered in previous wavelet analyses.

Figures 4  and 5 provide robust validation within a 
multivariate WLMC framework to overcome the limita-
tions of bivariate analysis, where direct and indirect ef-
fects remain confounded, by simultaneously incorporating 
all uncertainty indicators to isolate each variable's inde-
pendent contribution. The multivariate WLMC analysis in 
Figure 4 demonstrates that the combined effect of all un-
certainty indicators generates persistently strong positive 
correlations (exceeding 0.8) in the long-term frequency 
band (above 256 days), substantially surpassing any single 
indicator's bivariate effect shown in Figure 3, with high-
correlation regions during mid-2018  and the COVID-19 
period particularly validating the enhanced effects of FSI 
and VIX during crisis periods; the medium-term frequency 

band (32–128 days) exhibits complex time-varying char-
acteristics that both confirm the significant impacts of FSI, 
VIX and EPU observed in Figure  3 and reveal potential 
hedging effects between different indicators during 2017–
2018; whilst the low correlations (0.2–0.4) in the short-term 
frequency band indicate that multiple uncertainties gener-
ate partial offsetting effects through their interactions in 
the very short term, a non-linear interaction that bivariate 
analysis cannot identify.

Figure 5's dominant variable analysis further advances 
understanding of transmission mechanisms by explicitly 
identifying each indicator's net contribution after control-
ling for other uncertainties. FSI's overwhelming dominance 
in the long-term frequency band explains why FSI exhib-
its the strongest and most persistent coherence pattern 
in Figure  3, with this dominance becoming more pro-
nounced after removing confounding effects from other 
variables; the alternating dominance between VIX and FSI 
in the medium-term frequency band validates that these 
two indicators' significant impacts in this frequency band 
shown in Figure 3 indeed reflect their independent contri-
butions rather than spurious relationships caused by cor-
relations; whilst the complex dominant pattern switching 
in the short-term frequency band reveals that the inter-
mittent coherence exhibited by various indicators in high 
frequencies in Figure  3 likely stems from different risk 
sources taking turns as drivers across different periods. 
This multivariate analysis not only confirms the robustness 
of bivariate results but more importantly, by controlling for 
inter-variable correlations, accurately identifies each un-
certainty indicator's independent impact pathway on the 
REITs market, providing more precise empirical evidence 
for understanding complex risk transmission mechanisms.

Figure 4. WLMC of multiple uncertainty indicators on REITs

Notes: The figure displays the wavelet local multiple correlation between 
REITs and all uncertainty indicators simultaneously. The vertical axis re-
presents frequency bands ranging from high-frequency (2–4 days) to lo-
w-frequency (smooth). The horizontal axis represents the time dimension. 
The color scale indicates correlation strength, with warmer colors (red) 
representing stronger positive correlations and cooler colors (blue) repre-
senting weaker correlations. Black contour lines denote statistical signifi-
cance levels.

Figure 5. Dominant variable analysis in WLMC framework 
for REITs

Notes: The heat map identifies which uncertainty indicator exhibits the 
maximum contribution to the multiple correlation with REITs at each time-
-frequency location. Different colors represent different dominant variab-
les: FSI (red), VIX (yellow), GPR (green), EPU (cyan), OVX (blue), and GVZ 
(magenta). The vertical axis shows frequency bands and the horizontal axis 
represents the time dimension.



74 H. Zeng et al. Time-frequency and quantile analysis of uncertainty indicators’ effects on the US REIT market: Evidence from wavelet-based...

5.	Conclusions

This paper systematically examined the relationship be-
tween various economic and financial uncertainty indica-
tors and the US REIT market using wavelet quantile and 
wavelet coherence analyses. It revealed the time-frequency 
characteristics, quantile dependencies, and dynamic pat-
terns of how uncertainty factors impact the REIT market. 
The findings indicated that different types of uncertainty 
had distinct effects on REITs across various time-frequency 
bands and quantiles. In the short-term frequency band 
(2–64  days), VIX and FSI exhibited significant negative 
correlations with REITs, reflecting the immediate transmis-
sion of market panic and financial stress. OVX also showed 
a negative correlation, suggesting that oil price volatility 
increased the uncertainty of operating costs in the short 
term. In contrast, GVZ displayed a positive correlation, in-
dicating that REITs may have short-term safe-haven char-
acteristics. In the medium- to long-term frequency band 
(64–256  days and above), GPR and EPU were positively 
correlated with REITs, suggesting that they may serve as 
safe-haven assets during periods of heightened uncertain-
ty. However, this relationship weakened at lower frequen-
cies. The negative correlations of OVX and VIX with REITs 
also eased over the long term, indicating that REITs have 
some capacity to adapt to and withstand volatility. 

Wavelet quantile analysis further uncovered the dy-
namic evolution of the relationship between uncertainty 
and the REIT market, particularly during the COVID-19 pe-
riod (2020–2022). The correlations between GPR, FSI, VIX, 
EPU, and OVX with REITs significantly strengthened in the 
medium- to long-term frequency band. These uncertainty 
indicators also led changes in the REIT market, highlight-
ing the deepened and persistent impact of uncertainty 
during crises. The influence of commodity market uncer-
tainty (such as OVX and GVZ) on REITs varied depend-
ing on the time scale and market conditions. OVX had a 
pronounced negative effect in the short term, while GVZ 
had a positive impact. This dynamic relationship provides 
important insights for risk management. Our multivariate 
WLMC framework successfully disentangles the direct and 
indirect effects of uncertainty indicators, demonstrating 
that FSI emerges as the dominant long-term driver whilst 
short-term impacts reflect complex non-linear interactions 
that bivariate analyses cannot capture.

For investors, this study offers empirical evidence for 
asset allocation and risk management. In the short term, 
investors should monitor indicators such as VIX and FSI 
to adjust their positions in response to market panic and 
financial stress. In the medium to long term, they can lev-
erage the safe-haven characteristics of REITs during pe-
riods of rising GPR and EPU for diversified investment. 
Meanwhile, they should adjust their strategies based on 
the dynamic impacts of OVX and GVZ to balance the risks 
associated with commodity price volatility. These findings 
help investors optimise their decision-making in different 
market environments, particularly in effectively hedging 
against uncertainty during crises.

For policymakers, the study highlights the significant 
impact of economic policy uncertainty and financial stress 
on the REIT market, particularly their persistence in the 
long-term frequency band. Policymakers should consider 
the potential impact of fiscal and monetary policies on 
the real estate financial market to avoid excessive uncer-
tainty that could undermine market confidence. They can 
also support the safe-haven function of REITs during crises 
through policies that stabilise financial market stress and 
geopolitical risks, thereby maintaining market stability and 
protecting investors’ interests.

Future research could further explore how the influ-
ence of different types of uncertainty on the REIT index 
varies across economic cycles. For example, it could exam-
ine whether the relationship between uncertainty indica-
tors and REITs differs significantly during economic expan-
sions and recessions. Additionally, comparative analyses of 
REIT markets in different countries and regions could shed 
light on how institutional environments, market structures, 
and economic contexts influence the transmission mecha-
nisms of uncertainty.
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