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Abstract
Documenting the interlinkages among assets that are widely used to hedge against inflation is crucial for investors, as the 
necessity to protect the investment portfolio is stronger under inflationary conditions. For this purpose, we investigate the 
volatility spillovers between treasury inflation-protected securities (TIPS) and a battery of other assets perceived as infla-
tion hedges, including bonds, gold, real estate, oil and equities. The applied methodology comprehends the time-varying 
parameter vector autoregressive (TVP-VAR) extension of the Diebold and Yilmaz (Int J Forecast 28:57–66, 2012, 10.1016/j.
ijforecast.2011.02.006) approach for the period 1/1/2010–3/31/2022. Our results indicate that the assets under consideration 
are moderately interconnected and subjected to several exogenous shocks, such as the US–China trade war, the COVID-19 
pandemic and the Russia–Ukraine war. Furthermore, we assess the hedging effectiveness of TIPS against each asset by esti-
mating hedge ratios and optimal portfolios weights, before and after the spread of COVID-19 pandemic, by using conditional 
variance estimations (DCC-GARCH). The empirical findings show that the short position in the volatility of TIPS is proved 
to be an excellent hedge for all the sampled assets, with the exception of short-term Treasury bonds, and their hedging abil-
ity was improved during COVID-19.

Keywords Alternative investments · Treasury inflation-protected securities · Crude oil · Connectedness · Portfolio 
diversification · COVID-19

JEL Classification G11 · G12 · G15 · P44

Introduction

Inflation, as it is known, is a percentage that measures the 
positive increase in the price of goods and services in an 
economy throughout time caused by economic shocks, 
including, but not limited to, changes in the demand and 

supply of goods and services, cost of material and labor. 
It is considered to be one of the most important macroeco-
nomic factors as it heavily influences the economic stability, 
growth and welfare of countries. According to Friedman 
(1970), inflation is always a money issue, indicating that 
this phenomenon occurs due to a significant increase in the 
money supply, which does not affect the output level of the 
economy. On the other hand, inflation-targeting is used by 
most central banks in order to maintain inflation rates at 
desirable levels, 2% as a rule of thumb1. In this way, the 
positive impact of this phenomenon is unleashed, which 
is an output increase by using unused resources, lowering 
unemployment and encourage borrowing which boosts the 
overall spending in the economy. However, long-term infla-
tion, even at optimal levels, can compromise the profitability 
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of investments especially in the case of low nominal port-
folio returns. The real returns erode even further in cases 
when central banks fail to anchor inflation at 2% target, 
but, instead, spikes unexpectedly higher during periods of 
expansionary monetary policies. In June 2021, the inflation 
rate in the US jumped to 5.4%2 within a year, following 
the quantitative easing programs during 2020, as part of the 
COVID-19 relief measures. Another example is the infla-
tion spike subsequent to the quantitative easing program in 
order to ease the crisis caused by the subprime crisis of 2008 
(Papathanasiou et al. 2020).

During inflationary periods, investors prefer to rebalance 
their portfolios and include assets that offer protection 
against the rising levels of inflation in order to ensure 
the profitability of their investments, when measured in 
real terms. For that reason, the need for the inclusion of 
inflation-hedging instruments within a portfolio arises. 
Most of the literature has focused on the ability of gold 
(Shahbaz et al. 2014; Aye et al. 2016; Conlon et al. 2018), 
oil (Casassus et al. 2010), equities (Brière and Signori 2013; 
Ciner 2015), real estate (Salisu et al. 2020; Taderera and 
Akinsomi 2020) and bonds (Spierdijk and Umar 2015) to 
hedge against inflation. However, some studies indicate that 
the aforementioned assets are not able to fully hedge the 
effects of inflation (Spierdijk and Umar 2015; Van Hoang 
et al. 2016; Chang 2017; Iqbal 2017).

During the last two decades, TIPS are considered a financial 
tool which provides strong hedging potential against inflation 
(Hunter and Simon 2005; Laatsch and Klein 2005). The prin-
cipal amount of these securities is adjusted on a quarterly basis 
according to the value of the US Consumer Price Index (CPI) 
indicator which measures the inflation rate of the US economy. 
Thus, the bond holder receives at maturity a principal amount 
that is adjusted for the effects of inflation. Additionally, TIPS 
pay semiannual coupons. These are also adjusted on the cou-
pon date in order to maintain the analogy between the cou-
pon and the principal amount. Mkaouar et al. (2017) stress 
the necessity for inflation-indexed bonds and their ability to 
deal with inflation risk and improve the overall performance 
of long-term investment portfolios, even when inflation is at 
desired levels. They conclude that TIPS are highly profitable 
and superior inflation-hedge when compared with other, com-
monly used, alternatives. Numerous other studies point out 
the diversification benefits of TIPS when combined with other 
assets and highlight TIPS as an ideal instrument for the con-
struction of an efficient portfolio (Kothari and Shanken 2004; 
Tang et al. 2018; Chopra et al. 2021). Contrariwise, some stud-
ies have provided evidence against the effectiveness of inflation 

linked bonds in inflation hedging and diversification (Demp-
ster and Artigas 2010; Swinkels 2012; Huang and Zhong 2013; 
Kwak and Lim 2014).

Latest research endeavors have focused on the con-
nectedness of financial markets around the globe and the 
generated spillover effects with the use of the Diebold and 
Yilmaz (2012) framework. A big portion of the literature 
has dealt with the connectedness observed among equities, 
bonds, gold, oil and real estate. To begin with, multiple 
papers prove the existence of volatility spillovers from equi-
ties, acting as a net transmitter of shocks to other markets 
(Duncan and Kabundi 2013; Wang et al. 2016; Zhang 2017; 
Kang et al. 2019; Zhang et al. 2019, 2021; Elsayed et al. 
2020; Mandaci et al. 2020; Tiwari et al. 2021; Asadi et al. 
2022; Papathanasiou et al. 2022b). On the contrary, bonds 
(Duncan and Kabundi 2013; Tiwari et al. 2018; Elsayed 
et al. 2022) and real estate (Liow 2015; Liow et al. 2018) 
have often cited as markets receiving the transmitted spillo-
vers. The empirical findings regarding oil and gold are not 
clear, as Maghyereh et al. (2016), Mensi et al. (2019, 2021), 
Bouri et al. (2022) and Papathanasiou et al. (2022a) docu-
ment large in magnitude volatility spillovers diffused from 
the aforementioned assets, whereas Kang and Lee (2019), 
Zeng et al. (2020), Chen et al. (2022), Dai et al. (2022), Li 
et al. (2022) and Zhao et al. (2022) find evidence that these 
assets constitute primarily net receivers. Even though there 
are numerous studies examining TIPS as an inflation hedge, 
there is little evidence of its connectedness with other asset 
classes. Thus, we intend to shed light on the diversification 
benefits of TIPS and its contribution to the decision-making 
process of investors. Documenting the interactions of TIPS 
with assets considered as inflation hedges is imperative for 
investors, as the necessity to protect the investment portfolio 
is stronger under inflationary environments.

This study investigates the connectedness between 
TIPS and various financial assets that are assumed to off-
set the effects of inflation, such as short-term (1–3 years), 
medium-term (7–10 years), long-term (20+ years) Treas-
ury bonds, gold, real estate, oil and equities. We also 
encompass basic macroeconomic and financial variables 
within the system, which might have affected the channel 
of the diffused shocks. Volatility spillovers are analyzed by 
implementing the time-varying parameter vector autore-
gressive (TVP-VAR) model of Antonakakis et al. (2020), 
which is based on the framework of Diebold and Yilmaz 
(2012), for the period 1/1/2010–3/31/2022. This frame-
work has recently been applied in the works of Balcilar 
et al. (2021), Bouri et al. (2021) and Zhang et al. (2021). 
Moreover, we provide portfolio strategies with TIPS in 
order to quantify the diversification benefits that can be 
added to portfolios consisting of the remaining sampled 
assets. For this reason, we construct hedge ratios and 
optimal portfolio weights, by using conditional variance 

2 More information can be found on: https:// www. bloom berg. com/ 
news/ artic les/ 2021- 07- 13/u- s- consu mer- prices- incre ased- in- june- by- 
more- than- forec ast.
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estimations (DCC-GARCH), in the spirit of Guhathakurta 
et al. (2020). As the COVID-19 pandemic heavily influ-
enced asset price volatilities, we divide the sample period 
into pre-COVID-19 (1/1/2010–12/31/2019) and COVID-
19 (1/1/2020–3/31/2022) periods and shed light on the 
ability of TIPS to perform as a hedging instrument against 
the risk deriving from volatility diffusion. In this way, 
investors would be aware of possible changes in their asset 
allocation in order to maximize portfolio effectiveness.

Our main objective is to provide sufficient evidence, 
which will help answer the following research questions:

RQ1   Are TIPS and other assets commonly used as 
inflation hedges interconnected?

RQ2   Has COVID-19 strengthened their interconnection?

RQ3   What are the added diversification benefits from 
the inclusion of TIPS in an investment portfolio 
containing: (a) bonds, (b) gold, (c) real estate, (d) oil 
and (e) equities?

RQ4  Did TIPS evolve into a more effective hedging tool 
during COVID-19?

Our initiative contributes to the existing financial literature 
in two ways. First, we consider TIPS as an alternative instru-
ment that can be used for optimal asset allocation, by analyz-
ing its connectedness with other major markets for the first 
time. Our study is motivated by the increasing demand for 
alternative assets that do not have the trend to move simulta-
neously with other assets during unstable market conditions, 
especially in periods where inflation is constantly on the rise 
and the need for tools that can counterbalance the negative 
effects of inflation is, also, exigent. For this purpose, we 
implement the innovative empirical approach of Antonakakis 
et al. (2020), which enhances the framework of Diebold and 
Yilmaz (2012). This model provides more accurate parameter 
estimates by allowing variances to vary overtime, while it is 
less affected by outliers. Moreover, it does not require the set-
ting of a rolling window size since it utilizes all the attainable 
information from our sample. Secondly, we provide evidence 
of the hedging effectiveness of TIPS and their potential con-
tribution to portfolio risk-reduction, by taking into considera-
tion a variety of asset classes, including short-term, medium-
term, long-term Treasury bonds and real estate, which have 
not been investigated extensively. Therefore, exploring the 
spillover transmission mechanism of TIPS and other assets 
is necessary in order to discover potential interconnected-
ness or new hedging opportunities to improve the portfolio 
diversification during inflationary environments.

Investigating the connectedness among assets provides 
invaluable input into the decision making of policy makers, 
governments and regulators for organizing a framework to 
ensure financial stability. Knowing the direction and magni-
tude of volatility spillovers of each asset is crucial for inves-
tors when determining the optimal allocation and hedging 
strategies. Finally, our analysis and the estimated portfolio 
weights provide superior insights to investors for minimizing 
the risk of portfolio by the use of TIPS.

The rest of this paper is organized as follows: "Data and 
methodology" in section describes our data sample and the 
framework used in this study. "Empirical results" in section 
discusses the outcome of our analysis, and in "Conclusions" 
in section, a conclusion is provided.

Data and methodology

Data

Sample description

We use several Exchange Traded Funds (ETFs) as proxies 
that represent each asset class under consideration, as in 
Kang et al. (2021) and Papathanasiou et al. (2022b). In 
this way, our sampled ETFs ensure exposure to a basket of 
assets. We choose iShares ETFs for being one of the world’s 
global leaders, offering ETFs among the largest in market 
capitalization. Treasury inflation-protected securities (TIPS) 
are represented by iShares TIPS Bond ETF (TIP), which 
seeks to track the performance of Bloomberg Barclays US 
Treasury Inflation-Protected Securities Index. With regards 
to short-, medium- and long-term US bonds, we use iShares 
1–3 Year Treasury Bond ETF (SHY), iShares 7–10 Year 
Treasury Bond ETF (IEF) and iShares 20+ Year Treasury 
Bond ETF (TLT), respectively. Those seek to track the 
performance of the ICE US Treasury Year Bond Indexes 
for 1 to 3, 7 to 10, and 20 or more years of maturity of US 
Treasury bonds, respectively. The exposure to gold and real 
estate is replicated by iShares Gold Trust (IAU) and iShares 
US Real Estate ETF (IYR), which track the performance 
of the price of gold and the US equities in the real estate 
sector, respectively. As proxies for oil and equities, we take 
into account the United States Oil Fund LP (USO) and 
the SPDR S&P 500 ETF Trust (SPY) which correspond 
the performance of oil and S&P-500 index, respectively. 
Finally, we also include in our sample commonly used 
in the literature (Zhang et  al. 2019; Umar et  al. 2020) 
macroeconomic and financial variables, such as the 
Volatility Index (VIX) and the Economic Policy Uncertainty 
Index (EPU), which might have contributed to the channel of 
volatility spillovers. Table 1 presents the ETFs considered in 
the study, along with their corresponding tickers.
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As per Luo and Ji (2018), Umar et al. (2020), Yousaf and 
Ali (2020) and Samitas et al. (2022b), the daily frequency 
of returns provides a good proxy of the asset volatilities 
and, therefore, provides the highest explanatory power of 
the estimated models. Our data covers the period between 
1/1/2010 and 3/31/2022 and is obtained from Bloomberg 
and Thomson Reuters Data Stream. The selected timeframe 
is of great interest and is regarded as a highly volatile one 
due to several negative financial shocks (e.g., European debt 
crisis, Brexit referendum, US-China trade war, COVID-19 
pandemic). Our dataset comprises 3,086 daily observations. 
Following Forsberg and Ghysels (2007), we define the asset 
price volatility as the absolute return3 Vit = |lnPit − lnPit−1|, 
where Pit is the daily closing price on day t.

Preliminary analysis

The descriptive statistics for the daily return series are pre-
sented in Table 2. As it can be seen, based on the estimated 
coefficients, 50% of the distributions exhibit negative (posi-
tive) skewness, indicating a left-tailed (right-tailed) and 
asymmetric distribution of returns. Although the return dis-
tributions of all the daily series are leptokurtic, some asset 
classes exhibit very high kurtosis, namely gold, real estate, 
oil and TIPS. Moreover, the normality hypothesis testing 
of Jarque–Bera (1980) shows that the sample data are not 
normally distributed. Finally, the augmented Dickey and 
Fuller (1979) test ensures the absence of unit roots in the 
time series of the selected assets in our sample.

Table 1  Data description.

The table above provides description of the sampled ETFs selected as proxies for treasury inflation-
protected securities, treasury bonds, gold, real estate, oil and equities. The table also describes the 
influential macroeconomic and financial variables included in the sample

Market Index Acronym

Treasury inflation-protected securities iShares TIPS Bond ETF TIP
Short-term Treasury Bonds iShares 1–3 Year Treasury Bond ETF SHY
Medium-term Treasury Bonds iShares 7–10 Year Treasury Bond ETF IEF
Long-term Treasury Bonds iShares 20+ Year Treasury Bond ETF TLT
Gold iShares Gold Trust IAU
Real estate iShares U.S. Real Estate ETF IYR
Oil United States Oil Fund LP USO
Equities SPDR S&P 500 ETF Trust SPY
Market volatility CBOE Volatility Index VIX
Economic uncertainty Economic Policy Uncertainty EPU

Table 2  Descriptive statistics

In the table above, descriptive statistics for the daily returns of the sampled assets are provided for the 
period 1/1/2010–3/31/2022. The sample consists of Treasury Inflation-Protected Securities, 1–3 Year 
Treasury Bonds, 7–10 Year Treasury Bonds, 20+ Year Treasury Bonds, Gold, Real estate, Oil, Equities, 
Volatility Index (VIX) and Economic Policy Uncertainty Index (EPU). All data are obtained from 
Bloomberg and Thomson Reuters Data Stream. ***Significant at 1% level

Mean Std. Dev. Skewness Kurtosis Jarque–Bera ADF

TIPS 0.00007 0.00348 0.16399 14.39895 16,721.43*** − 51.52***
1–3 Year TB 0.00000 0.00064 − 0.14056 7.08282 2,153.57*** − 62.14***
7–10 Year TB 0.00007 0.00386 − 0.07007 2.87280 4.61*** − 58.28***
20+ Year TB 0.00016 0.00925 0.03807 4.87750 453.99*** − 57.62***
Gold 0.00038 0.02255 25.7601 1379.54693 243,991,476.20*** − 77.82***
Real estate 0.00035 0.01268 − 0.92941 18.39116 30,904.09*** − 60.05***
Oil − 0.00019 0.02278 − 0.96257 15.22593 19,969.33*** − 54.27***
Equities 0.00050 0.01078 − 0.58267 12.60955 12,048.45*** − 62.52***
VIX 0.00325 0.08443 2.20732 16.73491 26,762.95*** − 59.26***
EPU 0.01935 0.21421 0.94679 2.72764 470.59 − 15.77***

3 The advantages of using the absolute return as a measure of volatil-
ity have been outlined by Forsberg and Ghysels (2007).
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Methodology

The time‑varying parameter vector autoregressive model 
(TVP‑VAR)

We study volatility spillovers by using the time-varying 
parameter vector autoregressive (TVP-VAR) model of 
Antonakakis et al. (2020), which is an extension of the 
connectedness framework that was proposed by Diebold 
and Yilmaz (2012).

The TVP-VAR framework can be described as:

 with

 where the sample space of the information available at time 
t−1 is denoted with Ωt−1, zt−1 represents the vector of lagged 
dependent variables. The time-varying coefficients are cal-
culated in a N × Np matrix denoted as A′

t
 and the error terms 

are represented by N × 1 vectors of εt and ξt. Moreover, the 
variance–covariance matrices of the error terms εt and ξt 
are provided in the Np × Np matrices Σt and Ξt, respectively.

The implementation of the connectedness framework 
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variance–covariance matrices defined above. The H-step-
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By the same fashion, the total directional connectedness 
market i received from all other markets j is computed as:

The net total directional connectedness is defined as the 
difference between the transmitted spillovers by market i 
and the shocks received from markets j:

Hedge ratios and portfolio weights

In the next section, we estimate hedge ratios, along with 
optimal portfolio weights, by using conditional variance 
estimations (DCC-GARCH), in order to evaluate the 
hedging ability of TIPS. The hedge ratio for a $1 long 
position in TIPS and a $1 short position in the remaining 
assets is derived from the following formula:

 where β expresses the hedge ratio, htips, asset,t the conditional 
covariance between TIPS and other assets and hasset, asset, t  
the conditional variance of the assets’ returns. For the calcu-
lation of hedge ratios for a $1 long position in the remaining 
assets and a $1 short position in TIPS, hasset, asset, t  is replaced 
by htips, tips, t . A hedge ratio close to zero indicates that TIPS 
(other assets) is a cheap hedge in contrast to the alternative 
asset that is compared to.

The optimal weights for constructing the minimum-risk 
portfolio, consisting of TIPS and other assets, are provided 
by using the formula of Kroner and Ng (1998):

 where wtips, asset, t  is the weight of TIPS in a $1 
portfolio consisting of TIPS and other assets and 
htips, asset, t, htips, tips, t, hasset, asset, t  defined as above. The opti-
mal weight for other assets is equal to (1−wij,t).

Finally, the hedging effectiveness (HE) of a portfolio 
including TIPS and other assets is obtained by the 
following formula:
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 where hunhedged and hhedged are the variance of unhedged and 
hedged positions, respectively.

Empirical results

Volatility spillover analysis

Table 3 provides us with the coefficients of the average 
dynamic connectedness obtained by the TVP-VAR model of 
Antonakakis et al. (2020) for the period 1/1/2010–3/31/2022. 
According to the Schwarz information criterion, the optimal 
lag length is equal to 2 for a 10-day forecast horizon.

Our results indicate moderate volatility spillovers among 
the asset classes with an average total connectedness value 
of 43.5%. Large in magnitude volatility spillovers (7–14%) 
from TIPS to all other markets are documented. These high 
values of pairwise directional connectedness are expected to 
a certain extent, as inflation, embedded in TIPS, has a major 
impact on the global economic environment, affecting every 
sector of the economy, such as the extraction of raw materi-
als (gold, oil) and manufacturing (real estate). By extension, 
shocks from real estate and oil to TIPS are also intense (14% 
and 12%, respectively), since the former markets are one of 
the primarily main forces of inflation in the economy and 
TIPS should adjust their principal value as inflation rises. 
In addition, Treasury bonds are also largely influenced by 
TIPS, irrespective of their terms to maturity, probably due 
to the fact that bonds are prone to the aforementioned price 

(12)HE =
hunhedged − hhedged

hunhedged

adjustment of TIPS as prices rise. Furthermore, a strong 
bidirectional relationship between Treasury bonds (short-, 
medium-, long-term) and real estate is reported, as volatility 
spillovers range from 7 to 14% in every possible combina-
tion. This can be attributed to the fact that when interest rates 
are low, capital flows into properties through cheap banking 
loans and investors are obtaining higher returns with lever-
age. As demand increases and supply decreases, the rise of 
interest rates makes maintaining property investments cost-
lier, forcing investors to pursue investments that will provide 
them with higher returns, such as bonds. Moreover, a signifi-
cant unidirectional relationship from Treasury bonds to gold 
is documented; probably attributable to the fact that interest 
rate plays an essential role in determining the intrinsic price 
of gold. When interest rates rise, investing in gold becomes 
less attractive since it does not offer any interest. As con-
cerns equities, besides the high pairwise directional connect-
edness to TIPS, we also provide evidence of large volatility 
spillovers transmitted to medium-term (13%) and long-term 
(11%) Treasury bonds, consistent with the findings of Sami-
tas et al. (2022a). The remaining values of connectedness are 
less than 7% and could be considered negligible.

The last row of Table 3 provides us with the estimated 
values of net directional connectedness of each asset class. 
Our analysis shows that TIPS are the leading net contribu-
tor of volatility spillovers to other assets (28%). We also 
receive indications of VIX having a strong spillover effect 
(22%), as in Kang et al. (2021). Equities (16%), oil (8%) and 
real estate (5%) form the remaining net senders of shocks 
within the channel. On the contrary, gold is a massive net 
receiver of spillover effects from other markets (− 44%), pri-
marily due to the shocks absorbed from TIPS (14%). One 
possible driving force behind this scenario could be the fact 

Table 3  Total connectedness index

The ij-th entry of the 10 × 10 matrix above represents the ij-th pairwise directional connectedness; The column named “from” shows total 
directional connectedness from all other markets to market i, whereas the row named “to” shows total directional connectedness to all other 
markets from market j. The row named “net” is the net total directional connectedness (to-from). Own-variable contributions are omitted. TCI is 
the abbreviation for total connectedness index

TIPS 1–3 Year TB 7–10 Year TB 20+ Year TB Gold Real estate Oil Equities VIX EPU FROM

TIPS 0.00 0.01 0.01 0.01 0.03 0.14 0.12 0.15 0.01 0.01 0.49
1–3 Year TB 0.11 0.00 0.07 0.05 0.02 0.07 0.01 0.01 0.08 0.01 0.43
7–10 Year TB 0.10 0.01 0.00 0.01 0.01 0.14 0.02 0.13 0.08 0.04 0.54
20+ Year TB 0.10 0.01 0.01 0.00 0.01 0.13 0.03 0.11 0.07 0.03 0.50
Gold 0.14 0.10 0.12 0.11 0.00 0.07 0.08 0.01 0.01 0.01 0.65
Real estate 0.13 0.09 0.12 0.11 0.05 0.00 0.01 0.01 0.01 0.04 0.57
Oil 0.07 0.03 0.05 0.01 0.01 0.01 0.00 0.01 0.03 0.01 0.23
Equities 0.09 0.06 0.03 0.04 0.05 0.01 0.02 0.00 0.01 0.06 0.37
VIX 0.02 0.01 0.01 0.02 0.01 0.04 0.01 0.09 0.00 0.01 0.22
EPU 0.01 0.04 0.06 0.05 0.02 0.01 0.01 0.01 0.14 0.00 0.35
TO 0.77 0.36 0.48 0.41 0.21 0.62 0.31 0.53 0.44 0.22 0.435
NET 0.28 − 0.07 − 0.06 − 0.09 − 0.44 0.05 0.08 0.16 0.22 − 0.13 TCI
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that typically the price of gold rises when the cost of living 
increases due to inflation, establishing in this way gold as 
a net recipient throughout the sample period. Finally, EPU 
(− 13%), long-term (− 9%), short-term (− 7%) and medium-
term (− 6%) Treasury bonds constitute the remaining net 
receivers. These results confirm the role of equities (Duncan 
and Kabundi 2013; Wang et al. 2016; Zhang 2017; Kang 
et al. 2019; Zhang et al. 2019, 2021; Elsayed et al. 2020; 
Mandaci et al. 2020; Tiwari et al. 2021; Asadi et al. 2022; 
Papathanasiou et al. 2022b) and oil (Maghyereh et al. 2016; 
Mensi et al. 2019, 2021; Bouri et al. 2022; Papathanasiou 
et al. 2022a) as net contributors of volatility spillovers. On 
the other hand, our findings are in contrast to the findings of 
Liow (2015) and Liow et al. (2018) who point out real estate 
as a net recipient of shocks. Perhaps these diverging results 
bear upon the selected assets incorporated in our study or 
the time period under investigation.

Total dynamic connectedness ranges between 36 and 57% 
during the sample period, as presented in Fig. 1. As shown, 
the connectedness plot does not demonstrate intense varia-
tions for the period mostly covered. More specifically, total 
connectedness fluctuates around its mean value for approxi-
mately the first half of the sample period, indicating that the 
sampled markets remained relatively unaffected by several 
extraneous shocks occurring during 2010–2016, such as the 
European sovereign debt crisis, the great fall in oil prices 
and the enforcement of capital controls in Greece. An under-
lying reason for this stable behavior of connectedness could 
be attributed to the fact that inflation rates were maintained 
at optimal levels, not only in the US, but in the Euro area 
also. However, after the first quarter of 2016, total connect-
edness started an upward move, from 39 to 48% by the end 
of 2017. This increase in volatility spillover can be attrib-
uted to the unstable period provoked by the UK’s European 

Union membership referendum and the subsequent Brexit 
negotiations. Furthermore, total connectedness strengthened 
even further with the beginning of the US–China trade war, 
reaching 52% in the mid-2018. After the mid-2018, volatility 
spillovers gradually started to decrease until the end of 2019, 
where the outbreak of COVID-19 pandemic sparked off vol-
atilities again from 40% (December 2019) to 54% (August 
2021). The vaccination procedures to prevent the spread of 
the disease resulted in the short-term attenuation of con-
nectedness. However, during the last month of the sample 
period, we observe a rise in volatility spillovers from 50 to 
57%, reaching their peak, undoubtedly due to the start of 
the Russia–Ukraine war, along with the concomitant rise in 
inflation rates due to conflict. These results are aligned with 
the existing literature reporting that connectedness strength-
ens during turbulent periods (Umar et al. 2020; Wen and 
Wang 2020; Balcilar et al. 2021; Samitas et al. 2021; Zhang 
et al. 2021; Kumar et al. 2022; Mensi et al. 2022; Papa-
thanasiou et al. 2022c; Yousaf and Yarovaya 2022). More 
specifically, we find evidence that the impact of COVID-
19 on volatility spillovers exceeded the one caused by the 
European financial crisis, as outlined by Gunay (2021) and 
Zhang and Hamori (2021).

We also present the directional dynamic volatility spillo-
vers for each asset (to, from, net) in Figs. 2, 3 and 4, respec-
tively. As it is evident, TIPS were the biggest contributor 
of volatility spillovers to other assets during the Brexit ref-
erendum, followed by equities. On the other hand, the role 
of equities in the transmission mechanism expanded dur-
ing the US–China trade war, affecting long-term Treasury 
bonds and real estate, which in turn multiplied spillovers 
to other markets. Moreover, TIPS and oil accelerated their 
transmitted shocks to other markets during the outbreak of 
COVID-19, showing that investors are in quest of alternative 
assets acting as safe-havens during periods of turmoil, as 
pointed out by Conlon et al. (2018), Bouri et al. (2020) and 
Akhtaruzzaman et al. (2021). Finally, during the first month 
of the Russia–Ukraine war, we observe medium-term Treas-
ury bonds to turn into a major sender of volatility spillovers 
and equities, along with VIX, to be the key factors of the 
shock diffusion within the system.

Portfolio strategies

We investigate the implications of our findings for portfo-
lio diversification by computing hedge ratios and optimal 
weights, with the usage of conditional variance estimations 
(DDC-GARCH). Table 4 shows the estimated values for 
each TIPS-other asset pair for the period before COVID-19 
(1/1/2010–12/31/2019). In panel A, we present the results of 
taking a long position in the volatility of TIPS and a short 
position in the volatility of other assets. As shown, hedge 
ratios vary from 0.01 to 3.14. The cheapest hedging strategies 

Fig. 1  Total dynamic connectedness. Note In the figure above, the 
total volatility spillovers among treasury inflation-protected securi-
ties, short-term treasury bonds, medium-term treasury bonds, long-
term treasury bonds, gold, real estate, oil, equities, volatility index 
(VIX) and economic policy uncertainty index (EPU) are illustrated 
for the period 1/1/2010–3/31/2022. y-axis depicts total volatility spill-
overs estimated with TVP-VAR method and x-axis time
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for a $1 long position in the volatility of TIPS are obtained by 
taking a short position in the volatility of real estate and oil 
(1 cent). The costs of hedging the volatility of TIPS are rela-
tively low, with the exception of short-term Treasury bonds, 
where $3.14 is necessary to hedge portfolio risk. However, 
the effectiveness provided by the aforementioned hedging 
strategies fluctuates at low levels (5–39%), as only the short 
position in the volatility of short-term Treasury bonds can 
ensure a risk reduction benefit of 95%.

Results noticeably diverge when the mirror portfolios 
are taken into consideration. The average hedge ratios range 
from 0.02 to 2.04, indicating that it is costlier to hedge the 
volatilities of the remaining assets by taking a short posi-
tion in the volatility of TIPS. The less expensive hedging 
strategy is with real estate, as it requires 2 cents in TIPS 

volatility to hedge against $1 in the real estate volatility. 
On the contrary, $2.04 is needed in the case of long-term 
Treasury bonds for the same trading strategy. By extension, 
the optimal portfolio weights fluctuate between 0.04 and 
0.96. The lowest weight (0.04) implies that for a $1 portfo-
lio, 4 cents should be invested in the volatility of short-term 
Treasury bonds and the remaining 96 (1–0.04) cents should 
be invested in the volatility of TIPS. Thus, we can infer that 
investments in short-term Treasury bonds, medium-term 
Treasury bonds and real estate are required to be larger in 
amount than investments in oil, equities, gold and long-term 
Treasury bonds. The results of hedging effectiveness denote 
that the volatility of other assets can be reduced significantly, 
as the hedging strategies by exploiting TIPS in a portfolio 
provide a risk reduction gain between 56% and 92%. On the 

Fig. 2  Total directional connectedness “to” others. Note In the fig-
ure above, the total directional connectedness “to” others is illus-
trated for treasury inflation-protected securities, short-term treasury 
bonds, medium-term treasury bonds, long-term treasury bonds, gold, 

real estate, oil, equities, volatility index (VIX) and economic policy 
uncertainty index (EPU) for the period 1/1/2010–3/31/2022. y-axis 
depicts directional volatility spillovers to other markets estimated 
with TVP-VAR method and x-axis time
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contrary, TIPS are proven a weak hedge to cut off the volatil-
ity risk of short-term Treasury bonds (2%).

Huge changes in the hedging ability of TIPS after the 
spread of COVID-19 are reported in Table 5. As we can see 
in Panel A, the hedge ratios are generally lower, indicating 
that investors need less money to hedge against the volatility 
of TIPS. However, the hedging effectiveness of portfolios 
comprising a long position in the volatility of TIPS and a 
short position in the volatility of the remaining assets was 
lower after COVID-19. This suggests that the traditional 
inflation hedges of our sample became even less effective to 
hedge against the risk deriving from TIPS price volatility. 
Short-term Treasury bonds retained their hedging ability in 
the disposal of long position TIPS investors, as the short 
position in their volatility can curtail risk by 96%.

When the short position in the volatility of TIPS is taken 
into account (Panel B), the hedging costs of gold, real 
estate and oil are higher compared to the equivalent before 
COVID-19, whereas the hedging costs of Treasury bonds 
and equities have lowered after COVID-19. The range of 
hedge ratios has declined from 0.07 to 1.52. The most expen-
sive strategy is still with long-term Treasury bonds, requir-
ing $1.52 in TIPS volatility as a hedge. On the other hand, 
TIPS are a cheap tool for long position short-term Treasury 
bond investors, as 7 cents are needed to hedge against $1 
in their volatility. Hedging efficiency in most cases rose, 
indicating that TIPS turned into a more efficient hedging 
tool during COVID-19. The highest hedging effectiveness 
can be achieved by holding a long position in the volatility 
of gold and a short position in the volatility of TIPS, as 

Fig. 3  Total directional connectedness “from” others. Note In the fig-
ure above, the total directional connectedness “from” others is illus-
trated for treasury inflation-protected securities, short-term treasury 
bonds, medium-term treasury bonds, long-term treasury bonds, gold, 

real estate, oil, equities, volatility index (VIX) and economic policy 
uncertainty index (EPU) for the period 1/1/2010–3/31/2022. y-axis 
depicts directional volatility spillovers from other markets estimated 
with TVP-VAR method and x-axis time
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it produces 99% efficiency. Finally, TIPS are still an inap-
propriate choice for long position short-term Treasury bond 
investors in order to reduce their portfolio risk.

Conclusions

Motivated by the incessant need for assets that improve 
the diversification of portfolios, we examine the volatility 
spillover effects between TIPS and other traditional inflation 
hedges, including bonds, gold, real estate, oil and equities. 
We also encompass influential macroeconomic and finan-
cial variables within the transmission channel which might 
have played an essential role to the diffusion of shocks. Con-
nectedness is analyzed by carrying out the time-varying 

parameter vector autoregressive (TVP-VAR) advanced 
modification of the Diebold and Yilmaz (2012) framework, 
covering the period 1/1/2010–3/31/2022. Furthermore, we 
explore portfolio hedging strategies with TIPS by comput-
ing hedge ratios and optimal weights, by using conditional 
variance estimations (DCC-GARCH). We split the sample 
period into pre-COVID-19 (1/1/2010–12/31/2019) and 
COVID-19 (1/1/2020–3/31/2022) periods in order to inves-
tigate changes in the ability of TIPS to act as a hedging 
tool during the coronavirus pandemic. Our purpose behind 
this approach is to provide investors with explicit hedging 
schemes in the context of COVID-19 for an optimal asset 
allocation to be accomplished.

Our results show moderate volatility transmissions 
among the assets under investigation, with TIPS being the 

Fig. 4  “Net” total directional connectedness. Note In the figure above, 
the net total directional connectedness is illustrated for treasury 
inflation-protected securities, short-term treasury bonds, medium-
term treasury bonds, long-term treasury bonds, gold, real estate, oil, 

equities, volatility index (VIX) and economic policy uncertainty 
index (EPU) for the period 1/1/2010–3/31/2022. y-axis depicts net 
directional volatility spillovers estimated with TVP-VAR method and 
x-axis time
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largest net sender of volatility spillovers to other assets, 
followed by VIX, equities, oil and real estate. Contrast-
ingly, gold forms the major net recipient of spillover 
effects, with EPU, long-term, short-term and medium-
term Treasury bonds following. The spillover results sup-
port the view that equities (Duncan and Kabundi 2013; 
Wang et al. 2016; Zhang 2017; Kang et al. 2019; Zhang 
et al. 2019, 2021; Elsayed et al. 2020; Mandaci et al. 2020; 
Tiwari et al. 2021; Asadi et al. 2022; Papathanasiou et al. 
2022b) and oil (Maghyereh et al. 2016; Mensi et al. 2019, 
2021; Bouri et al. 2022; Papathanasiou et al. 2022a) con-
tribute by sending shocks to other markets within the 
transmission mechanism. On the other hand, our findings 
are contrary to the findings of Liow (2015) and Liow et al. 
(2018) who document real estate as a net receiver of vola-
tility spillovers. Dynamic connectedness showed accretion 
during periods of turmoil, such as the US–China trade 
war, COVID-19 and the Russia–Ukraine war, indicating 
that volatility spillovers are prone to extraneous shocks, as 
cited by the literature (Umar et al. 2020; Wen and Wang 
2020; Balcilar et al. 2021; Samitas et al. 2021; Zhang et al. 
2021; Kumar et al. 2022; Mensi et al. 2022; Papathanasiou 
et al. 2022c; Yousaf and Yarovaya 2022). Moreover, the 
empirical results indicate that the short position in the 
volatility of TIPS is proved to be an efficient hedge for 
all the sampled assets, with the exception of short-term 

Treasury bonds, and their hedging ability was enhanced 
during COVID-19.

This study concludes the following remarks. First, pol-
icy-makers, governments and regulators should take into 
consideration the dynamic interactions among the markets 
observed, especially during crisis periods where connect-
edness tends to intensify, in order to establish pertinent 
frameworks to prevent financial instabilities. Second, our 
empirical results provide a great source of information 
to investors as we produce patterns that allow the mini-
mization of risk by using TIPS, without hindering the 
performance of portfolios. More specifically, as gold and 
long-term Treasury bonds are found to be markets that 
primarily receive the diffused shocks within the channel, 
investors possessing a long position in the volatility of 
these assets should exploit TIPS in order to protect their 
investments from outward risk spillovers and accomplish 
a remarkable overall portfolio risk reduction. Lastly, mar-
ket participants should reshape their hedging strategies 
by altering their asset allocation, as COVID-19 has a vast 
impact on portfolio effectiveness. Future research should 
engage with hedging strategies followed by market partici-
pants by examining multi-asset investment portfolios and 
encompassing cash in portfolio analysis, as the potential 
role of cash in asset allocation should be recognized.

Table 4  Hedge ratios and optimal portfolio weights with TIPS before 
the outbreak of COVID-19 (1/1/2010–12/31/2019)

The table above presents the hedge ratios, the optimal portfolio 
weights and the hedging effectiveness between treasury inflation-
protected securities and the remaining sampled assets for the period 
before the outbreak of COVID-19 (1/1/2010–12/31/2019). HE stands 
for hedging effectiveness

Pairs Hedge ratios Optimal portfolio 
weights

HE

Panel A: Long position in TIPS and short position in other assets
TIPS/1–3 Year TB 3.14 0.04 0.95
TIPS/7–10 Year TB 0.68 0.59 0.39
TIPS/20+ Year TB 0.27 0.88 0.13
TIPS/Gold 0.11 0.89 0.12
TIPS/Real estate 0.01 0.66 0.32
TIPS/Oil 0.01 0.93 0.05
TIPS/Equities 0.08 0.90 0.10
Panel B: Long position in other assets and short position in TIPS
1–3 Year TB/TIPS 0.12 0.96 0.02
7–10 Year TB/TIPS 0.97 0.41 0.56
20+ Year TB/TIPS 2.04 0.12 0.85
Gold/TIPS 0.99 0.11 0.87
Real estate/TIPS 0.02 0.34 0.65
Oil/TIPS 0.13 0.07 0.92
Equities/TIPS 0.70 0.10 0.89

Table 5  Hedge ratios and optimal portfolio weights with TIPS after 
the outbreak of COVID-19 (1/1/2020–3/31/2022)

The table above presents the hedge ratios, the optimal portfolio 
weights and the hedging effectiveness between treasury inflation-
protected securities and the remaining sampled assets for the period 
after the outbreak of COVID-19 (1/1/2020–3/31/2022). HE stands for 
hedging effectiveness

Pairs Hedge ratios Optimal portfolio 
weights

HE

Panel A: Long position in TIPS and short position in other assets
TIPS/1–3 Year TB 2.69 0.03 0.96
TIPS/7–10 Year TB 0.69 0.45 0.57
TIPS/20+ Year TB 0.25 0.85 0.13
TIPS/Gold 0.01 0.99 0.01
TIPS/Real estate 0.01 0.92 0.07
TIPS/Oil 0.02 0.98 0.02
TIPS/Equities 0.01 0.93 0.06
Panel B: Long position in other assets and short position in TIPS
1–3 Year TB/TIPS 0.07 0.97 0.02
7–10 Year TB/TIPS 0.56 0.55 0.41
20+ Year TB/TIPS 1.52 0.15 0.82
Gold/TIPS 1.15 0.01 0.99
Real estate/TIPS 0.11 0.08 0.90
Oil/TIPS 1.09 0.02 0.98
Equities/TIPS 0.12 0.07 0.92
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