Asia-Pacific Financial Markets (2022) 29:697-734
https://doi.org/10.1007/510690-022-09371-x

ORIGINAL RESEARCH

®

Check for
updates

Sovereign Bond Market Shock Spillover Over Different
Maturities: A Journey from Normal to Covid-19 Period

Sanjay Kumar Rout’ - Hrushikesh Mallick’

Accepted: 3 April 2022 / Published online: 30 April 2022
© The Author(s), under exclusive licence to Springer Japan KK, part of Springer Nature 2022

Abstract

With application of Diebold and Yilmaz’s (Int J Forecast 28(1):57-66, 2012) spill-
over approach, we examine shock spillover in international sovereign bond yields
over short, medium, and long term maturities for major eight economies. By scru-
tinizing the data from Ist January 2013 to 12th November 2020, we explored that
irrespective of pre-covid-19 or covid-19 period, shock spillover in bond yields
across markets are much stronger over long and medium maturities relative to short-
term maturity. Moreover, shock spillover of bond yields has amplified manifold dur-
ing Covid-19, irrespective of their maturities compared to pre-Covid-19 period. The
magnitude of shock spillovers remains low with short-term maturity. Assessing the
relationship between international sovereign bond markets (SBMs) contributes to
our understanding and is also crucial to the investors (both domestic and foreign) in
investing in SBMs.

Keywords Covid-19 pandemic - Diebold and Yilmaz approach - International
sovereign bond markets - Rolling window - Shock spillovers
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1 Introduction

The world economy witnessed tremendous cross-country financial market shock
spillovers that affected macroeconomic performance and its recovery worldwide
during the Global Financial Crisis (2008). Similarly, the Covid-19 pandemic forced
the world to experience an unprecedented health crisis that led to economic and
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financial catastrophes across the markets (Umar et al., 2021). The impact of pan-
demics varies across markets. Various preventive measures; lockdown, shutdown,
declaration of micro containment zones and social distancing undertaken by dif-
ferent governments to control the spread of virus imperilled the economic activi-
ties. However, to counteract the pandemic effects and stimulate economic activities,
the government of various countries simultaneously undertook different stimulus
packages. In this context, advanced sovereign bond markets (SBMs) supported
immensely in funding these stimulus packages.

The SBMs are beneficial for project financing and helpful to finance fiscal pack-
ages of different governments. Hordahl and Shim (2020)! maintained that sover-
eign bonds play a vital role in local financial requirement and act as a more robust
indicator reflecting investors’ confidence. The sovereign bond yields of different
maturities’ in advanced and emerging markets fluctuated dramatically during this
pandemic (See Fig. 1). This volatility adversely affected financing the corporate
and public sector investments, and fiscal stimulus supportive measures. This affects
balance sheet of public and private sectors in the short-run. Arellano et al. (2020)°
illustrated that the economic cost of covid-19 is tremendously high and can gener-
ate a prolonged debt crisis for nations. The significance of portfolio management
intensified during the pandemic. Comprehending the optimal risk-return trade-offs
involves dynamic correlation and connectivity in investment portfolios (Elsayed
et al., 2022). Investors want to diversify their portfolios globally, and policymak-
ers attempt to sustain financial stability. Therefore, shock spillover between interna-
tional bond markets is vital for asset and risk management (Sensoy et al., 2017).

A comprehensive understanding of international bond market spillover can
advance several important policy implications. For instance, it can help investors to
diversify their risks by advancing a portion of their capital in the fixed-income asset
of various maturities or bonds issued by foreign countries (Ahmad et al., 2018).
International investors adjust their bond portfolios when economic circumstances
change globally (Claeys & Vasicek, 2012).

Given the significance of the issue, the present paper examines the sovereign
bond market shock spillovers among 8 major economies (‘in terms of purchasing
power adjusted GDP, measured by IMF in 2020’), namely, the US, Japan, Germany,
Russia, Brazil, China, India, and Indonesia. Out of 8 economies considered in the
study, three economies belong to the advanced nations (the US, Japan, Germany)
and five are from the emerging economies (China, India, Russia, Indonesia, and
Brazil).

We selected a combination of advanced and emerging economies for the fol-
lowing reasons. First, a high integration between advanced economies’ financial

! Hordahl and Shim (2020) in a recent study investigated the relationship between long-term rates and
bond portfolio outflow across emerging markets economies (EME) during covid-19 period.

2 Bond pricing can vary depending on short-maturity or long-term maturity.

3 Arellano et al. (2020) analysed impact of default risk on debt markets during covid-19 and strongly
argued that default risk made lockdowns more costly as it limits the fiscal capacity of government to sup-
port consumption.
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Fig. 1 Pattern of S, M, and L of Selected Advanced and Emerging Economies. Source Author’s own
plotting based on data drawn from Investing.com (https://www.investing.com/rates-bonds/world-gover
nment-bonds). (Undoubtedly, bond rates fell dramatically during covid-19 across various maturities
and continued due to the exponential growth of covid-19 infection across countries in the first half
of 2020. After reaching a minimum, the bond rates started to rise slightly and gradually in the second
half of 2020 in some countries (viz. the US, Japan, China, Brazil and Russia) as a result of the differ-
ent stance of fiscal policies adopted by various national and sub-national governments around the world
to revive their economic activities. In contrast, bond rates continued at their minimum levels in some
markets such as Germany, India, and Indonesia in the second half of 2020 (see Fig. 1)). Figure 1 dem-
onstrates the trend pattern of 1-year bond rates (denoted as S), 5-years bond rates(denoted as M), and
10-years bond rates (denoted as L) across 8 countries with different economic progress covering pre-
pandemic and during pandemic periods. Each of the panel figures in Fig. 1 represents short maturity,
medium maturity, and long-term maturity bond rates of eight large countries such as the US, Japan, Ger-
many, China, India, Russia, Indonesia, and Brazil, respectively for the period 1st January 2013 to 12th
November 2020

markets leads to a negligible benefit of diversification and thus, investors look for
alternative markets. With technological advancement, globalization, and emerging
economies’ strong economic conditions, investors who want to diversify their port-
folios move to the emerging markets. The sovereign bond is the primary instrument
of funding in emerging markets. The increasing financing infrastructure and fiscal
packages through the issuance of bonds increased manifold in emerging markets
(Hordahl & Shim, 2020). Hence, it is an attractive asset class for investors pres-
ently. Moreover, the sufficiently available liquidity in the developed markets leads
to nominal short-term rates being close to zero or negative, whereas longer-dated
assets offers minimal returns. Alternatively, many investors look for fixed incomes
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like sovereign bonds in emerging markets (Sensoy et al., 2017). Second, the covid-
19 hit the vulnerable emerging markets hard, reflecting unexpected and substantial
outflow of capital from them (Beirne et al., 2020; Hofmann et al., 2020; Benigno
et al., 2020), leading to more considerable volatility in bond prices in both advanced
and emerging markets (see Fig. 1). Third, the advanced economies have not been
able to escape from the shock effects of pandemic, the small economies being inca-
pable of establishing efficient bond markets have failed to welcome MNCs as well as
foreign investors significantly. With this settings in mind, that motivated us to select
our sample from both the advanced and emerguing economies to realize the deep
international bond market interactions in this current milieu.

The concomitant works on bond markets majorly focused on determinants of
bond markets (Ilmanen, 1995; Sutton, 2000; Bernoth et al., 2004; Bernanke, 2007,
Bellas et al., 2010; Bae & Kim, 2011; Bhattacharyay, 2011; Bernoth & Erdogan,
2010; Comelli, 2012; Bai et al., 2012; Matei & Cheptea, 2012; Bhattacharyay, 2013;
Csonto & Ivaschenko, 2013; Gade et al., 2013; Georgoutsos & Migiakis, 2013;
Pelizzon et al., 2013; Dewachter et al., 2015; Afonso et al., 2015; Blatt et al., 2015;
Feld et al., 2017). They described how financial, structural, macroeconomic, and
institutional factors explain the variations of sovereign bond yields/spread.

Some other group of literature emphasized investigating how credit rating, politi-
cal and economic news affect sovereign bond yield/spread (Goldberg & Leonard,
2003; Christopher et al., 2012; Claeys & Vasicek, 2012; Beetsma et al., 2013; Mohl
& Sondermann, 2013). During the ongoing pandemic, several works, for instance,
Albulescu (2020), Akhtaruzzaman et al. (2020), Azimli (2020), Bai et al. (2020),
Beirne et al. (2020), Cepoi (2020), El-Khatib and Samet (2020), Goodell and Huynh
(2020b), Ji et al. (2020), Okorie and Lin (2020), Shehzad et al. (2020), Topcu and
Gulal (2020), Zhang et al. (2020), Zaremba et al. (2020), Gubareva and Umar
(2020), Zaremba et al. (2021), Pang et al. (2021), and Zaremba et al. (2022) focused
on how Covid-19 affected stock markets. At the same time, another strand of studies
investigated the sensitivity of crypto-currencies and commodity markets during the
pandemic (Conlon & McGee, 2020; Corbet et al., 2020; Goodell & Goutte, 2020a;
Mensi et al., 2020; Mnif et al., 2020; Sharif et al., 2020; Yarovaya et al., 2020).
However, studies, for instance, by Andries et al. (2020), Arellano et al. (2020),
Cakmakli et al. (2020), Christensen et al. (2020), Daehler et al. (2020), Delatte and
Guillaaume (2020), Gubareva (2020), Hartley and Rebucci (2020), Hofmann et al.
(2020), Jinjarak et al. (2020), Pang et al. (2020), and Zaremba et al. (2020) have ana-
lyzed how Covid-19 influenced the sovereign bond markets or bond yields. These
studies have also studied how the policy responses to Covid-19 affect the bond
markets.

Apart from these studies, there are also a few extant literatures that rest on ana-
lyzing cross-border sovereign bond markets spillover/connectivity (Ahmad et al.,
2018; Cronin & Dunne, 2019; Claeys & Vasicek, 2012, 2019; Fernandez-Rodriguez
et al., 2016; Antonakakis & Vergos, 2013; Tule et al., 2017; Sowmya et al., 2016;
Yang & Hamori, 2015; Sensoy et al., 2017; Asutay & Hakim, 2018; Chen et al.,
2020; Gao et al., 2021; Umar et al., 2021; Karkowska & Urjasz, 2021; Balli et al.,
2022). However, many of these studies dealt with sovereign bond market spillover/
connectivity, particularly among the erstwhile advanced countries of Europe. A few
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analyses have focused either on emerging economies, or both developed and emerg-
ing markets during the pre-pandemic period. Zaremba et al. (2022) and Gubareva
and Umar (2020) stated that studies on equities, commodities, and cryptocurren-
cies had been meticulously examined, whereas sovereign bond markets need sig-
nificant attention. Although there are some attempts to address this issue, little is
known about how shocks are transmitted across sovereign bond markets during the
pre-Covid-19 period and during Covid-19 crisis period. Hence, the present analysis
attempts to fill this cavity in the literature and can serve as a guide to the investors to
make better asset allocation decisions in the present as well as in the future.

For analysis, we have considered three sovereign bond yield rates based on
maturity patterns such as short-maturity, medium-maturity and long-maturity, and
denoted them as S, M, and L, respectively.* However, bond yields over various
maturities reveal the expectation of market participants involving future changes in
prices/interest rates and identify the present state of the economy. The short matu-
rity bond yield rate is generally treated as a reference for the policy rates. A well-
integrated short-maturity bond market reflects sound-harmonized monetary policies
across economies, whereas medium and long-maturity bond yields demonstrate
future economic prospects driven by investors’ risk attitude and expectation (Yang
& Hamori, 2015). Therefore, it is crucial to analyze the shock spillover of interna-
tional bond markets with varying maturities.

The regularity of such advancement has promoted a renewed interest in analyz-
ing the international bond yield shock spillovers during covid-19 and pre-covid-19
periods of different maturities. Therefore, this analysis communicates the following
unexamined questions considering the advanced and emerging economies: how does
Covid-19 affect international bond market shock spillovers? Do the bond market
spillovers during the pre-covid-19 period differ from the covid-19 period? Are there
any variations in shock spillovers from different bond yields of varying maturities
between both the periods?

This analysis complements the concomitant literature in three ways. First, the
studies on equities, commodities, or cryptocurrencies have been sufficiently studied,
whereas sovereign bond markets are ineadequately studied (Zaremba et al., 2022;
Gubareva & Umar, 2020). So, this analysis adds significant value to the extant litera-
ture. Second, we investigate shock spillover between international sovereign bond
markets (including advanced and emerging markets) in the pre-covid-19 period and
during the covid-19 period. Third, we examine both static and dynamic shock spillo-
vers across sovereign bond markets using Diebold and Yilmaz’s (2012) approach.
This approach allows the researchers to simultaneously discover static and dynamic
shock spillovers across the markets. Section 3 represents the detailed discus-
sion about Diebold and Yilmaz’s method and the motivation behind its use in this
analysis.

4 We have resorted to designating these three different maturity patterns of bond prices with single
alphabet because of space constraint in the tables and figures and more importantly to maintain the
coherence of using the same acronym throughout the analysis for the convenience of the readers without
confronting difficulties.
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Our result reveals that no matter whether Covid-19 or pre-Covid-19 period, bond
market spillover is higher with long and medium maturities yields than in short
maturity bond yields. The shock spillover increased manifold during Covid-19 rela-
tive to the pre-Covid-19 period across maturities. However, the spillover is much
lesser with short maturity. Our analysis suggests that investors must focus on short-
maturity bond assets rather than any specific region for diversification and risk man-
agement of their portfolios, at least in the short run. The remaining part of this anal-
ysis is organized as follows. Section 2 debates concomitant papers, whereas Sect. 3
provides detailed methods of empirical analysis. We explain data, its sources and
summary statistics in Sect. 4. Section 5 explains the results. Section 6 contains a
robustness check. Section 7 concludes.

2 Literature Survey

Obstfeld (1996) and Masson (1999) explain that fear of cross-country financial
uncertainty spillover may grow many equilibria which characterise with mixed mar-
ket results as well as self-fulfilling features. During uncertainty, macroeconomic
fundamentals are neither so bold as to avoid a speculative attack in a market nor so
frail as to make it inevitable. Therefore, uncovering a country’s distressed debt situ-
ation may cause an abrupt loss of investors’ confidence. It ultimately tends to self-
fulfilling waves of cross-country portfolios, readjusting with corresponding position
of market rates. Hence, market sentiment in a particular country changes due to the
crisis generated in another market. According to Daehler et al. (2020), the country-
specific factors such as growth dynamic, fiscal space, and the political system may
affect the lenders’ perception of riskiness of potential borrowers and borrowing cost,
while global factors may influence the borrowing cost of a particular sovereign bor-
rower. However, several financial literature rest on capital markets, while attention
on debt markets is limited. High trading volume in the capital market caused numer-
ous analyses, whereas the sovereign bond market is an underdeveloped and recent
phenomenon in emerging markets that contributed to scanty research on it (Zunino
etal., 2012).

Claeys and Vasicek (2012), Antonakakis and Vergos (2013), Fernandez-Rodri-
guez et al. (2016) and Cronin and Dunne (2019) analyzed the strength and direc-
tion of spillover between EU countries. They maintained that the presence of high
and significant spillover with heterogeneity between bond markets of the EU has
been nurtured by both global financial market conditions and idiosyncratic risk
components. However, the European sovereign bond market is a multifaceted net-
work structure; which can serve as an essential reference for the market agents
(Chen et al., 2020). The financial crisis leads to a more significant decrease in the
magnitude of spillovers within peripheral than within major countries in the EU.
Karkowska and Urjasz (2021) stated that Central and Eastern Europe (CEE) coun-
tries’ sovereign bond markets are more intertwined than global markets. Recently,

5 See Zunino et al. (2012) paper on “On the efficiency of sovereign bond markets.”
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employing sovereign bond yield data from 17 European countries, Pang et al. (2021)
pointed out that mean correlation decreased during the pandemic.

Some other important studies rest on emerging countries or a mix of emerging
and advanced countries. Tule et al. (2017)® examined volatility spillover in the Nige-
rian Sovereign bond market arising from oil price shocks. They demonstrated that
a significant cross-market volatility spillover occurs between oil and bond markets.
Ahmad et al. (2018) examined the financial linkages through return and volatility
spillover between BRICS and the USA, EMU, and Japan. They found Russia and
South Africa transmit shocks higher than they receive within BRICS. Thus, they
are net transmitters of shocks. At the same time, China and India exhibit weak con-
nectedness. Sensoy et al. (2017) showed that the correlations between cross emerg-
ing country bond returns has meaningfully amplified after the global financial cri-
sis. Chowdhury et al. (2019) examined the varying integration of Asian financial
markets within the global financial structure. They disclosed that the Asian market
connections are deepening with the rest of the world. Gao et al. (2021) examined
the dynamic return and volatility spillovers between China’s green bond as well as
financial markets. They found substantial two-way risk spillovers between the two
markets. Balli et al. (2022) found that Sukuk markets significantly interact with
Islamic equity markets. Two factors such as profitability and liquidity, stimulate
Islamic financial market spillovers meaningfully.

Some investigations are based on different maturities (Yang & Hamori, 2015;
Sowmya et al., 20167 and ). They stated that the transmission of shocks is higher in
long-term rates relative to short and medium terms maturities. The long-maturity
bond rate is driven by global investors, preferences, and level of savings, whereas
economic fundamentals and domestic monetary policies drive the short-maturity
bond yield.

Barring such limited bond market spillover analysis, several studies are based on
what determines the sovereign bond market yield. Bernoth et al. (2004) attempted to
examine whether default or liquidity risk determines sovereign bond yield differen-
tial across EU countries.

Bellas et al. (2010) investigated the short and long-run impacts of macroeco-
nomic and financial market factors on emerging markets’ sovereign bond yield
spread. They pointed out that macroeconomic factors are the central antecedent of
bond yield spread in the long run. Conversely, financial volatility is an essential
determinant of bond yield spread in the short run across emerging markets.

Comelli (2012) and Csonto and Ivaschenko (2013) also concluded that both
the country-specific as well as global parameters are crucial determinants of bond
yield spread, and the impacts vary across time and space. Specifically, Csonto and
Ivaschenko pointed out that both factors play a significant role in the long run, while
the global factors that determine the bond spread in the short run. Bhattacharyay

% See Tule et al. (2017) on “Oil price shocks and volatility spillovers in the Nigerian sovereign bond
market”.
7 See Sowmya et al. (2016) on “Linkages in the term structure of interest rates across sovereign bond
markets”.
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(2011, 2013) tried to detect the critical antecedents of Asian economies’ bond mar-
ket development with a response to crucial financial and economic factors. He iden-
tified that economic size, economic growth, globalization, exchange rate fluctuation,
banking system and size, and variations in interest rates are the major factors that
help develop bond markets in Asia.

Bernoth and Erdogan (2010) maintained that sovereign bond spread may not only
be influenced by alteration of macroeconomic fundamentals but by the shift in pric-
ing of sovereign risks. Similarly, Dewachter et al. (2015) examined the determinants
of bond yield differential, stressing both economic and non-fundamental factors in
the Eurozone. Bai et al. (2012) studied how liquidity and credit risk drive the sov-
ereign bond spread in the Eurozone. They concluded that liquidity risk explains the
variation in the bond spread during the initial stage of the Euro Area sovereign debt
crisis, whereas credit risk mostly drives the variation in bond spread after late 2009.
Matei and Cheptea (2012) showed that high fiscal deficit and public debt, and politi-
cal risk injected substantial upward pressure on the bond spread in advanced Euro-
pean economies.

Afonso et al. (2015) too analyzed the primary determinants of long-term sover-
eign spread of the Euro Area. Georgoutsos and Migiakis (2013) attempted to find
the most important determinants of bond spread. Although they observed heteroge-
neity in the determinants of spread across Euro Area economies, economic and mar-
ket sentiments were the most significant determinants of the spread. Further, Gade
et al. (2013) investigated the impact of political communication on the sovereign
bond spread in the Euro Area and strongly argued that positive political communica-
tion produces compression of bond spread, whereas negative political communica-
tion causes a widening of the bond spread. Others such as Pelizzon et al. (2013),
Feld et al. (2017), Bae and Kim (2011), Bernanke (2007), Ilmanen (1995), and Die-
bold et al. (2008) also attempted to analyze the determinants of bond spread.

Another strand of literature focused on how economic-related news or credit rat-
ings impact sovereign bond yield spread. Beetsma et al. (2013) looked into how
macroeconomic and financial news affect European sovereign bond markets and
stated that more news on average drive up the domestic bond spread and other coun-
tries’ bond spread. Christopher et al. (2012) scrutinized the permanent and tem-
porary effects of sovereign credit ratings on emerging countries’ interdependency
of bond and stock markets in the short and long run. Their findings revealed that
the association between assets is more linked to the credit rating and outlook in the
long run than in the short run. Engsted and Tanggaard (2007) and Goldberg and
Leonard (2003) examined which news (policy announcement, inflation, interest rate,
and bond return) accounts for a high degree of comovement between the US and
German bond market yields. Engsted and Tanggaard reported that inflation news is
the primary force that explains yield comovement, whereas Goldberg and Leonard
stated that the US announcement on labour market condition, real GDP growth, and
consumer sentiments drive up the yields. Mohl and Sondermann (2013) examined
how disorderly political communication of Euro Area politicians affected sovereign
bond yields of periphery countries and confirmed that political statement influences
the development of bond spread.
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In one of the recent studies carried out during Covid-19, Sene et al. (2020)
illustrated the overshooting of Eurobonds yields issued by emerging and develop-
ing nations. They revealed that daily reporting of covid-19 cases caused surge in
yields and declaration of international creditor support to developing and emerg-
ing economies and pleased the investors’ concerns. Arellano et al. (2020) stated
that lockdown measures are worthy of alleviating health adversity but carry
substantial economic costs and may prolong the debt crisis. Beirne et al. (2020)
also examined the impact of covid-19 on bond yield and reported that covid-19
imposed a significant dampening impact on bond yields across developed and
emerging economies. Pang et al. (2020) explained the pandemic effects on sover-
eign bond yield in European economies. Christensen et al. (2020) and Hofmann
et al. (2020) analyzed the trend and pattern of sovereign bond markets during
Covid-19.

Hordahl and Shim (2020) examined the association between bond portfolio out-
flow and long-term rates across emerging markets (EM) during covid-19. They
revealed some heterogeneity in the connection between portfolio flows and long-
term interest rates across EMs. Andries et al. (2020) and Zaremba et al. (2020)
assessed the pandemic effects on bond spread in advanced and emerging countries.
They pointed out that a higher number of infected cases and deaths significantly
increase uncertainty among investors in the bond markets. Recently, Gubareva and
Umar (2020) used wavelet analyses to examine the pandemic impact on the per-
formance of emerging market bonds, considering investment grade and high yield
ranges of creditworthiness. Zaremba et al. (2022) discovered the pandemic impact
on the term structure of interest rates in the advanced as well as emerging econo-
mies. They demonstrated that expansion of pandemic significantly affects sovereign
bond markets.

Further, Jinjarak et al. (2020) and Zaremba et al. (2020) assessed whether
effective government policies reduce uncertainty in sovereign bond markets dur-
ing Covid-19 pandemic in developed and emerging economies. They illustrated
that government interventions dramatically reduce uncertainty in domestic sov-
ereign bond markets. Hartley and Rebucci (2020) examined the impact of Quanti-
tive Easing (QE) intervention on sovereign bond yield. They found that the average
QE announcements across both advanced and emerging economies have — 0.23%
single-day impact and — 0.29% and — 0.31% cumulative impacts on the country’s
10-year bond yield over the following two and three days, respectively. Daehler
et al. (2020) showed country-specific factors specifically drive CDS spread during
the pandemic. Gubareva (2020) studied the liquidity of EM bonds during the pan-
demic. Delatte and Guillaaume (2020) illustrated the determinants of bond spread
in the Euro Area during Covid-19 and observed that Central Bank speeches are the
main drivers of spread, whereas the contribution of securities purchase programs is
limited in its impacts. Umar et al. (2021) studied the bond market shock spillovers
between emerging and the US economies during the pandemic. They displayed a
substantial rise in the dynamic connectedness between media coverage, emerging
market bonds, and US bonds during the pandemic. Elsayed et al. (2022) observed
the linkage between green bonds and financial markets. They observed the highest
linkage in the first quarter of 2020 as a result of the Covid-19 pandemic. However,
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Zaremba et al. (2021) maintained that government involvements considerably lessen
local sovereign bond volatility.

Since the associated literature advocate that international investors and fund man-
agers use the sovereign bond to avoid risk, an empirical investigation of interna-
tional sovereign bond market shock spillovers before and during the Covid-19 is the
need of the hour. Therefore, this paper contributes to the literature by examining
static and dynamic shock spillovers between international sovereign bond markets in
the pre-Covid-19 and during the Covid-19.

3 Methodology

We apply Diebold and Yilmaz’s (2012) model for our empirical investigation. Die-
bold and Yilmaz’s (hereafter, DY) approach rests on forecast error variance decom-
position. The motivation behind the implementation of DY approach comes from
the following reasons. First, the popularity of this method is far reaching because
of its widespread empirical applications, most especially in analyzing financial
assets markets (Antonakakis & Vergos, 2013; Balli et al., 2022; Chevallier & Ielpo,
2013; Cronin, 2014; Diebold & Yilmaz, 2012; Gao et al., 2021; Karkowska &
Urjasz, 2021; KloBner & Sekkel, 2014; KloBner & Wagner, 2014; Kumar, 2013;
Lin & Chen, 2021; Rout, 2020; Rout & Mallick, 2020a, 2020b, 2021). Second, the
DY approach provides many motivating components; for instance, it can measure
dependency between asset portfolios. It also can quantify the dependency between
asset markets across countries. Third, the method is variable order insensitive and
provides unbiased results. Fourth, this approach can capture both static and dynamic
shock spillovers between international sovereign bond markets, which is crucial for
the present analysis. Given these interesting characteristics and widespread applica-
tions, the DY approach seems to be an appropriate econometric framework for the
present analysis.

The DY® approach begins with a covariance stationary variable VAR(p) as
follows:

p
Z = Z ﬂiZt—i teg (1
i=1

Z,in Eq. (1) refers to n variables and €, ~ (0, Z) a vector of independently and iden-
tically distributed error term in Eq. (1). This VAR framework in Eq. (1) can be
expressed in its moving average form:

8 For more details regarding the method, one can refer Diebold and Yilmaz (2009, 2012) papers in
which they have rigorously analysed the volatility spillover of stocks, bonds, exchange rate and com-
modities etc. across the U.S. assets markets.
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Table 1 Spillover results under D-Y approach

Variables Z Z, Zy From others
h h h
Z T, T}, Tiy Z,_ T od #1,
h i h
Z T, Iy Ty Zj:l zj’J #2,
h i v
Zy Ty Ty - Tiw Z]_l N,,] #N
N h N ~h N —h h
To others 2o T o T e i Tix N Z./‘=1 TJ,] #i
i#1, i#2 i#N
Including own Z:‘i : Tihl Zi"_ JTh Z, Th. Zf’fﬂe”;\;llx’mks % 100
[~
Z,=) Ag,, @)
i=0

Here, regularity conditions on A; matrices apply. The moving average coefficients
in Eq. (2) are central to establishing the dynamic of the VAR framework. It allows
measuring the fraction of h-step ahead error variance for forecasting Z;, which is due
to Z; V j # i for each i. To provide a conclusive result, DY employed the generalized
VAR model of Koop et al. (1996) and Pesaran and Shin (1998) which is insensitive
to variable order.

The decomposition of forecast error variance of one of the bond yield prices can
be represented as follow. The own variance share indicates a fraction of h-step ahead
error variance in forecasting Z; due to shocks in Z, for j=1, 2, ...... N and cross
variance share represents the fractlon of h-step ahead error variances in forecasting
Z_,- due to shocks in Z;, fori,j = 1,2, ... ... N where i # j. In Table 1, the N x N block

is known as variance decomposition matrix denoted as [T;’] The bottom row (“To

Others’) elements represent the column sums except own in that column. The right-
most column (From Others) represents row sum, except for its own element in that
row and a bottom right element represents the total spillover. This spillover measure
includes its own shocks and shocks from others, the former is based on diagonal ele-
ments and the later is based on off-diagonal elements in the variance decomposition
matrix.

However, marking the KPPS (Koop, Potter, Pesaran & Shin) h-step ahead fore-
cast error variance decomposition by @fi (h),forh=1,2, ......

e _ % Zimo GIZ )
O%(h) =~ €)
N CATA Ie)

° Equation (1) is derived from generalised impulse response function of Koop et al. (1996) and Pesaran
and Shin (1998).
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In Eq. (3), X is a variance matrix for error vector ‘¢’, 6;; is a standard deviation of
error term for jth equation, e; is the selection vector with one as jth element and zero
otherwise. It can be given as Z G)g(h) # 1, means a sum of the elements of each

row of variance decomposition table is not equal to 1, because of non-zero covari-
ance between original shocks. Now, we can normalize @fi (h) by dividing it by row

sum and reducing as:
Oi(h) = i )
L T
By construction Zfil @fi(h): 1 and Z;.\i/:l C:)fi(h):N.
The spillover index is the cross-variance shares marked as in Eq. (5):

N A N A
SE(h) = ”é—gx100= %xmo ®
X, 64

Like Cholesky factor-based measure of KPSS used in Diebold and Yilmaz
(2012). Equation (5) shows the total spillover index which is the total forecast error
variance due to mutual interaction among variables. DY estimate the size of spillo-
ver received by market j from all other markets i expressed as in Eq. (6):

N A8

z i=1 ®/l(h)
JFi 6
PIMNCHED

Similarly, the size of spillover from market j to all other markets i expressed as in
Eq. (7):

l
sSm=—27" 100 @
*] N g
> &t

Note that spillover size provides a decomposition of total spillover into those
coming from (or to) a particular source. The estimation procedure of net spillover
from market j to all other markets i as

8h) — 8(h) _ <8
The net spillover is the difference between gross spillover “To” (provided by
Eq. 7) and gross spillover received “from” all other markets (provided by Eq. 6).

Note all the variables in the model are endogenous. Flowchart 1 shows the detailed
methodological steps that is adopted in the present analysis.
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METHODOLOGY

Diebold and Yilmaz’s (2012)

Approach
|
[ v N —
v
Static Analysis Dynamic Analysis
g

Total spillover, Net, Receiving
from others, Transmitting to
others

Robustness
check

Flowchart 1 Detail methodological chart. Source Author’s presentation

4 Data and Summary Statistics

We have used daily sovereign bond yields with different maturities from Monday
to Friday for the period Jan.01, 2013, to Nov.12, 2020. For many countries, data
on Saturdays and Sundays, including other local public holidays, are not available
mainly due to the absence of trading. Hence, we consider daily data from Monday
to Friday to avoid any missing value in our data series. If there is still any miss-
ing value between Monday to Friday, then we have filled them with their respec-
tive preceding values. For analysis of our base model, we have used 1-year bond
prices, 5-years bond prices, and 10-years bond prices as proxies for short maturity
(S), medium maturity (M), and long-maturity (L) bond prices, respectively.

Further, to check the robustness of our findings, we have built up a country-level
composite time series index over different maturities for the US, Japan, Germany,
China, India, Russia, Indonesia, and Brazil. For each sample country, we construct
three composite indices such as short-term maturity (S), medium-term maturity (M),
and long-term maturity (L) bond prices. The detailed variables used for the robust-
ness check of our empirical results are presented in Table 6 in the Appendix. All the
data series are drawn from Investing.com'® with daily frequency.

For the construction of composite indices, we run PCA over 1-month, 6-months,
and 1-year bond prices to construct our short-maturity bond price index(S) for the
US (indicated as 1-month, 6-months, and 1-year=>run PCA =S in Table 6 in the

10 https://www.investing.com/rates-bonds/world-government-bonds.
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Table 2 Descriptive statistics

Variable usS Japan Germany China  India Russia Indonesia  Brazil
Mean S 0.898 —-0.044 -0411 2.853 6926 7.853 6.365 9.194
M 1.621 —-0.026 -0.130 3.264 7352 8.162 7.111 10.402
L 2.159 0.209 0.478 3.468 7424  8.437 7.493 10.789
Median S 0.537 —-0.133 -0.566 2790 7.017  7.550 6.561 9.190
M 1618 —0.088 —0.238 3200 7443  7.950 7.237 10.530
L 2.255 0.065 0.386 3460  7.535  8.200 7.595 10.960
Maxi S 2.739 0.102 0.221 4.250 10.666 16910  8.887 16.270
M  3.093 0.427 1.079 4.600  9.707 17.840  9.660 16.900
L 3.239 1.378 2.041 4710  9.228 16470  9.770 16.850
Mini S 0.074 —0354 -0947 1.140 3346  3.920 3.372 2.230
M 0.192 —0.383 —-0990 1.740 4.840 4.950 4.532 5.035
L 0.512 —-0.291 -0.85 2503 5760 5.720 5.019 6.290
Std. dev S 0.863 22160  0.318 0.589 1.355 2.229 1.039 3.621
M  0.649 0.165 0.453 0.522 0966  2.003 0.956 2.668
L 0.609 0.301 0.679 0476  0.814 1.552 0.835 2.399
Jarque-Bera S 304951 206.105 94.151 72911 45287 757.340 91.737 11.350

0.00)  (0.00)  (0.00)  (0.00) (0.00) (0.00)  (0.00) (0.00)

0076  99.794 153365 17.133 61.34 94674  86.17 23.02
0.96)  (0.00)  (0.00)  (0.00) (0.00) (0.00)  (0.00) (0.00)

L 30495  206.10 94.15 7291 4528 75734  91.73 11.35
(0.00) (0.00) (0.00) (0.00)  (0.00)  (0.00) (0.00) (0.00)

Obs - 2051 2051 2051 2051 2051 2051 2051 2051

=

Source Author’s own estimation based on data drawn from Investing.com (https://www.investing.com/
rates-bonds/world-government-bonds)

Summary statistics rely on 1-year (S), 5-years (M), and 10-years (L) sovereign bond yield rates

Maxi. maximum, Mini. minimum, Std. Dev. standard deviation, Obs. Observation

Appendix). After running PCA, we have derived the first principal component score.
The score is treated as S. Similarly, we computed our other indices to obtain S, M,
and L for each country. For a comprehensive and comparative analysis, we divide
our sample data into two sub-periods: the pre-Covid-19 period (from January 1,
2013, to December 31, 2019) and the Covid-19 period (from January 1, 2020, to
November 12 2020).

Table 2 summarises the S, M, and L series statistics for eight countries. Based
on mean and median values, bond prices are higher in emerging countries (Brazil,
Russia, India, Indonesia, and China) compared to the advanced countries (the US,
Japan, and Germany) across all maturities. The higher standard deviation demon-
strates more considerable volatility in emerging countries’ bond prices compared to
advanced economies. They confront more considerable volatilities, which could be
attributed to their weak macroeconomic fundamentals, political instability and lack
of robust, vibrant or active financial markets. Russia and Brazil report maximum
daily bond prices among both advanced and emerging economies, but Germany and
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Japan report minimum daily bond yields. Jarque—Bera test statistics confirm that the
distribution of bond yioeld is not normal. We have also checked the unit root prob-
lem in all the individual series with Augmented Dickey and Fuller (ADF) statisti-
cal test. The ADF test suggests that all the sovereign bond yield series are subject
to unit root problems in their levels, but there is no unit root problem in their first
differences. Thus, we have used first difference series, while modelling the mutual
responses of bond yield movements across 8 economies.

5 Result and Discussion
5.1 Static Spillover Analysis

Since we investigate the interactions of bond yields across 8 major emerging and
advanced economies, we modelled through the application of the vector autoregres-
sive (VAR) time series model. While modelling through the VAR, we have checked
for the stability of those VAR models to ensure the parameters estimated are sta-
ble. The analysis rests on 18 empirically estimated models, including the models
estimated to check the robustness of our empirical findings. Figures 7 and 8 in the
appendix indicates that no root lies outside the unit circle for all the estimated mod-
els reflecting that all the specified models satisfy the stability condition. Table 3 pro-
vides a full-sample analysis of shocks spillover across the bond markets with three
different maturities: S, M, and L. Table 3 reports the outcomes of three estimated
models with an optimum lag of 2 selected by Akaike Information Criteria (AIC) and
12 horizons.

The diagonal elements reflect the contributions of idiosyncratic shocks (own
shocks) of bond yeilds with different maturities. The idiosyncratic shocks are rela-
tively higher with S than the M and L across all the bond markets. This finding is
also in line with the studies of Zunino et al. (2012) and Sowmya et al. (2016). Inter-
estingly, such a phenomenon reflects an insignificant contribution of external factors
in explaining the variations over S. Since S is commonly treated as a reference for
setting monetary policy rates (Yang & Hamori, 2015), the variation in S is, there-
fore, mainly driven by domestic macroeconomic performance rather than caused
due to any global factors. In case of Japan, China, India, Russia, Indonesia, and Bra-
zil, idiosyncratic shocks are much more robust, and external shocks contribute insig-
nificantly across bonds of all maturities. It shows that the sovereign bond markets in
Japan, China, India, Russia, Indonesia, and Brazil are not well connected with the
world markets like the US. These bond markets play a crucial role in financing their
government’s projects or financing their fiscal packages. Most big corporates con-
tinue to depend on the commercial banking system to finance their capital expen-
ditures and other business projects. Thus, idiosyncratic shocks largely dominate in
these markets.

The US and Germany need to consider external factors as bond prices in both the
markets receive a reasonable size of external shocks over M and L, although they
receive an insignificant magnitude of shocks in S from external markets. The US
largely dominates the global sovereign bond markets, and thus, it is well-integrated
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Table 3 Static bond market shock spillover with various maturities (full sample)

Country US Japan Germany China India Russia Indonesia Brazil From others
us S 979 0.1 1.6 0.1 02 0.0 0.1 0.1 2.1
M 797 09 174 0.6 0.1 0.5 0.2 05 203
L 719 07 252 09 0.1 0.5 0.1 06 281
Japan S 0.0 994 0.2 0.0 00 0.3 0.0 0.0 0.6
M 4.7 915 2.8 0.0 02 0.1 0.1 0.6 8.5
L 25 941 2.0 0.1 03 0.3 0.2 0.5 59
Germany S 1.5 04 96.7 00 0.1 0.4 0.1 0.8 33
M 185 1.1 794 03 03 0.0 0.1 03 206
L 26,7 09 713 05 0.1 0.2 0.2 02 287
China S 0.1 00 0.0 994 0.1 0.1 0.0 0.2 0.6
M 1.5 01 0.4 97.1 0.0 0.0 0.7 0.1 2.9
L 1.5 0.1 0.5 96.8 0.5 0.2 0.3 0.1 3.2
India S 03 0.1 0.2 0.1 98.6 0.1 0.5 0.2 14
M 09 02 0.6 02 958 038 1.1 0.5 4.2
L 1.0 00 0.3 0.1 96.6 09 0.6 0.4 34
Russia S 0.1 0.2 0.3 0.1 00 99.0 0.1 0.1 1.0
M 07 0.1 0.1 03 0.7 97.2 0.5 0.4 2.8
L 1.1 0.2 0.3 02 07 95.6 0.8 1.0 44
Indonesia S 00 02 0.1 02 05 0.1 98.6 0.2 1.4
M 09 04 0.2 02 13 1.1 92.5 35 7.5
L 1.5 04 0.4 02 1.6 1.7 90.7 3.5 9.3
Brazil S 03 00 0.3 0.1 04 0.2 0.1 98.6 14
M 04 04 0.3 0.1 04 0.2 0.7 97.6 24
L 06 04 0.2 00 0.1 0.2 0.2 98.2 1.8
To Others S 23 1.0 2.7 0.7 14 1.3 1.0 1.7 119
M 277 30 218 1.7 31 2.8 3.2 59 691
L 350 27 289 21 34 39 24 63 847
Net S 02 04 -06 0.1 0 0.3 -04 0.3 1.5%
M 74 -55 1.2 -12 -11 0 —-43 3.5 8.6%
L 69 -32 02 -1.1 0 -05 -69 45  10.6%

Source Author’s own estimation

Table 3 demonstrates the static bond price shock spillover among the US, Japan, Germany, China, India,
Russia, Indonesia, and Brazil under Diebold and Yilmaz’s (2012) VAR framework over the entire study
period. The columns demonstrate the portion of forecast error variance that the headline bond market
transmits to all other bond markets mentioned in rows. Conversely, the rows demonstrate the fraction of
forecast error variance that the headline bond market receives from all other bond markets shown in col-
umns. The row Net represents the difference between “To Others’ and ‘From Others’. The total spillover

indicates the average of all off-diagonal elements in the table and is marked in Bolditalics

with the global economies. They sell their sovereign bonds in the international
markets where emerging economies like China subscribe to a significant portion
of it including other advanced economies. Hence, there exists a high magnitude of
shocks spillover from the US’s bond markets to many other economies. Similarly,
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Germany’s bond market is one of the leading sovereign bond markets in the Euro
area, integrated well with the global markets. According to Yang and Hamori
(2015), Germany represents the EU, as it is the largest market in Eurozone with the
most liquid sovereign securities. Therefore, in the US and Germany, the global and
domestics factors account for considerable variations in forecast error variance of
sovereign bond prices. It is also evident in a recent study by Karkowska and Urjasz
(2021), who maintained that advanced countries like the US and Germany’s govern-
ment bond markets turn out to be the most connected and, thus, can be described
as the most powerful transmitter of shocks. The US financial market is the primary
source of spillover (Lin & Chen, 2021).

Commonly, the total forecast error variance that each market exports to all other
bond markets (marked as “To Others” in rows and corresponds to Eq. 7) and the
fraction of variance of forecast error each market imports from all other markets
(marked as “From Others” in columns and corresponds to Eq. 6). In this context, all
the bond markets transmit a relatively higher magnitude of shocks to all other bond
markets through L and M than via S. The bond prices over long and medium maturi-
ties of individual markets are interdependent to a greater extent than the short-matu-
rity bonds. The long and medium maturity bonds are driven by international risk
appetite, global investors’ preferences to diversify their portfolios and global saving
trends. Conversely, the short maturity bond prices are mainly driven by economic
fundamentals and domestic monetary policies. This findings of ours align with stud-
ies such as Zunino et al. (2012) and Sowmya et al. (2016).

The above result shows that the US and Germany are not only propagating major
shock spillovers but also at the same time are receiving a higher magnitude of shocks
over the L and M; while shocks via S are insignificant. It demonstrates the predomi-
nant influence of these advanced countries in the international bond markets. Such
empirical results may indicate a caveat for conservative financial market policy
while allowing more excellent cross-border investment activities. The bottom-most
row (marked as Net) shows the difference between “To Others” and “From Others”
bond market shocks spillover over S, M, and L. It reveals that the US propagates a
higher magnitude of shocks to others, followed by Brazil, than what they receive
from others. Conversely, followed by Japan, Indonesia receives larger shocks from
others than what they transmit to others. It indicates that Indonesia and Japan are
prone to more significant external shocks than other countries. Apart from these, all
other bond markets receive shocks as much as they transmit. Thus, net shocks spillo-
ver is closer to zero. Ultimately, the bottom right entries (marked in blue colour)
represent the total spillover index over three different maturities such as S, M, and
L, respectively. For the full sample period, the bond market shocks spillover indices
of S, M, and L are 1.5%, 8.6%, and 10.6%, respectively. This implies that the shocks
spillover occurs relatively higher with L and it is followed by M, which is strongly
claimed by Sowmya et al. (2016) as well. In contrast, shocks spillover in the short
maturity is marginal across sovereign bond markets. Commonly, around 9% to 11%
of total forecast error variances in the bond market occur in L and M, and around
2% of total forecast error variance occurs in S for eight financial markets. Therefore
90% in both L and M and 98% in S of these variances are explained by their idiosyn-
cratic market-specific shocks.
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Table 4 Static bond market shock spillover over different maturities (pre-covid-19 period)

Country usS Japan Germany China India Russia Indonesia Brazil From others
us S 97.8 0.1 1.7 0.1 0.1 0.0 0.1 0.1 2.2
M 791 09 175 0.6 0.1 0.6 0.3 1.0 209
L 717 0.8 25.1 0.5 0.1 0.8 0.1 1.0 283
Japan S 0.0 99.3 0.2 0.0 00 03 0.1 0.0 0.7
M 39 92.6 2.1 0.0 05 0.2 0.0 0.6 74
L 24 94.5 1.8 0.0 04 03 0.3 0.3 5.5
Germany S 1.3 05 96.9 0.0 0.1 05 0.2 0.6 3.1
M 184 0.7 79.8 0.3 02 0.1 0.2 02 202
L 263 09 720 0.3 0.0 0.2 0.1 02 28.0
China S 0.0 0.0 0.0 99.1 02 02 0.0 0.4 0.9
M 16 0.1 0.4 96.5 0.1 0.1 1.1 0.1 3.5
L 1.6 0.0 0.6 96.4 06 0.2 0.5 0.1 3.6
India S 0.1 0.1 0.3 0.1 985 0.1 0.6 0.3 1.5
M 11 0.1 0.3 0.1 965 07 1.1 0.2 35
L 1.0 0.1 0.3 02 967 038 0.6 0.2 33
Russia S 0.1 0.3 0.2 0.1 0.0 99.1 0.2 0.1 0.9
M 07 0.1 0.1 0.4 06 973 0.5 0.3 2.7
L 1.2 0.2 0.3 0.3 0.6 96.1 0.7 0.6 3.9
Indonesia S 0.0 0.2 0.2 0.4 04 0.1 98.3 0.5 1.7
M 12 0.2 0.1 0.4 1.0 09 94.3 2.0 5.7
L 1.5 0.3 0.3 0.2 19 15 92.1 22 7.9
Brazil S 0.2 0.0 0.3 0.2 03 04 0.1 98.6 14
M 0.1 0.2 0.1 0.1 0.7 0.1 0.5 98.4 1.6
L 03 0.3 0.0 0.1 03 0.1 0.3 98.5 1.5
To Others S 1.8 1.2 29 0.8 1.1 1.6 1.2 1.9 125
M 269 23 206 1.8 3.1 27 3.8 43 655
L 343 2.6 284 1.7 39 39 2.6 46 820
Net S -04 05 =02 -01 -04 07 -0.5 0.5 1.6%
M 6 -5.1 0.4 -17 =04 0 -19 2.7 8.2%
L 6 -29 04 -19 06 0 -53 3.1 10.3%

Source Author’s own estimation

Table 4 demonstrates the static bond price shocks spillover among the US, Japan, Germany, China, India,
Russia, Indonesia, and Brazil under Diebold and Yilmaz’s (2012) framework from Ist January 2013 to
31st December 2019 (pre-covid-19 period). It follows the same footnote as provided under Table 3

For a comprehensive understanding of bond market shocks before the global pan-
demic and during the pandemic, we divided the entire sample into pre-Covid-19
period (1st January 2013 to 31st December 2019) and Covid-19 period (1st Janu-
ary 2020 to 12th November 2020). The Covid-19 virus generated a global health
crisis that significantly affected the sovereign bond prices of countries worldwide.
It can be seen from Fig. 1 that there is more significant variability or disruption in
bond markets, reflecting a greater level of investment risk. Investors pay attention
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Table 5 Static bond market shock spillover over different maturities (Covid-19 period)

Country US Japan Germany China India Russia Indonesia Brazil From others
us S 84.2 3.8 3.7 2.7 02 3.6 1.1 0.8 15.8
M 623 3.0 177 1.5 1.2 44 45 54 317
L 588 1.6 225 6.3 26 40 0.4 38 412
Japan S 7.0  80.1 33 2.1 25 29 1.7 03 199
M 100 644 8.3 29 23 39 29 55 356
L 10.8  59.6 9.1 6.7 20 42 0.1 76 404
Germany S 2.3 6.4 82.6 4.1 23 02 0.2 19 174
M 229 6.3 59.2 24 29 20 2.1 23 408
L 292 32 573 49 19 15 0.3 1.6 427
China S 1.6 1.3 4.5 834 23 45 0.9 14 16.6
M 2.5 22 0.6 90.2 08 14 1.1 1.1 9.8
L 39 14 0.4 89.0 1.5 24 0.6 08 11.0
India S 1.5 0.5 1.3 1.2 854 07 8.5 09 14.6
M 2.9 1.9 1.4 1.4 790 6.7 2.4 44 210
L 4.2 24 1.9 1.6 789 42 0.3 6.6 21.1
Russia S 0.3 1.1 8.5 4.1 02 851 0.3 03 149
M 2.6 1.8 0.6 0.5 25 808 0.6 10.7  19.2
L 2.0 4.5 0.8 0.3 22 173.0 1.1 163  27.0
Indonesia S 1.0 1.5 0.2 0.4 65 08 88.9 0.6 111
M 4.4 2.7 1.9 2.6 25 68 67.7 114 323
L 3.4 59 2.0 4.3 1.1 55 68.4 94  31.6
Brazil S 2.7 7.8 4.0 1.9 09 57 0.6 763  23.7
M 2.3 6.4 1.7 0.6 0.1 638 1.7 80.3 19.7
L 1.6 7.3 2.8 0.5 20 89 0.0 769  23.1
To others S 165 224 25.7 16.6 14.8 185 13.3 6.2 134.0
M 476 243 321 11.8 12.3 319 15.3 40.8 216.1
L 551 263 395 24.6 133 305 2.8 46.0 238.2
Net S 0.7 2.5 8.3 0 02 3.6 2.2 -175 16.8%
M 99 —-113 -87 2 -8.7 127 -17 21,1 27.0%
L 139 —141 =32 136 -78 35 —28.8 229  29.8%

Source Author’s own estimation under DY method

Table 5 demonstrates the static bond price shock spillover among the US, Japan, Germany, China, India,
Russia, Indonesia, and Brazil under Diebold and Yilmaz’s (2012) framework for the period 1st January
2020 to 12tht November 2020 (covid-19 period). It follows the same footnote as provided under Table 3

when there is movement in the bond market. Therefore, the pattern of bond yilds
itself justifies a comparative analysis between the normal and covid-19 period
and afterwards. Therefore, the estimated result for the pre-Covid-19 period is pre-
sented in Table 4. While for the Covid-19 period, it is reported in Table 5. Com-
paring between the two, our result demonstrates that bond market shock spillover
has increased dramatically during Covid-19 period across maturities compared to
pre-Covid-19 period. In the context of the financial market, Yousfi et al. (2021) and
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Elsayed et al. (2022) demonstrated that the shocks spillover had reached the highest
level during the pandemic compared to the pre-pandemic period.

During the pre-pandemic period, the total shock spillover, as shown in Table 4,
remained almost similar to the magnitude of spillover that occurred during the
whole sample period. The total spillovers through L. and M are around 10%, respec-
tively. Through S, it is around 2% of total forecast error variance for eight bond mar-
kets, reflecting the dramatic contributions of idiosyncratic market-specific shocks
rather than external market shocks in the pre-Covid-19 period.

The idiosyncratic shocks lost their ground during the pandemic and shaded
their strength in terms of their influence. The total spillover through L and M has
increased around three times, while the spillover over S has increased around eight
times during the pandemic compared to the pre-pandemic period. Nevertheless, the
shock spillover is minimal for S.

The spillover index involving S, M, and L for the pandemic period are 16.8%,
27.0%, and 29.8%, respectively. It maintains the consistency that spillover is higher
in L and M, including in the pandemic period compared to S. It observed that during
the pandemic, the total forecast error variance in bond yields, which ranges from 27
to 30% in L and M, is explained by the spillover of shocks across the markets (by
their mutual or external shocks). However, its ranges from 9 to 11% over the same
maturity during the pre-pandemic period. It, of course, reveals the devasting conse-
quences of Covid-19 on sovereign bond markets around the world. Several recent
studies, for example, Gubareva and Umar (2020), Zaremba et al. (2021), Yousfi
et al. (2021) and Elsayed et al. (2022), strongly argue that the Covid-19 pandemic
affected financial markets severely.

Overall, the financial markets worldwide have severely been affected and suffered
a massive loss of investment along with a plunge in employment and economic out-
put in other sectors due to the current ongoing pandemic. Countries with prominent
foreign participants in the bond markets have suffered much more than those with
low foreign participants (Hordahl & Shim, 2020),'! particularly in emerging mar-
kets. The waves of pessimism in financial markets during Covid-19 have triggered
an outflow of capital to safer markets known as the “flight to safety phenomenon”.
Therefore, sovereign bond market shock spillover has increased many folds during
the pandemic.

In the context of transmission of shocks to others and receiving shocks from oth-
ers, all the bond markets export and import a relatively much higher magnitude of
shocks during the pandemic than the pre-pandemic period across all three maturi-
ties. However, China has been receiving a marginally larger size of shocks dur-
ing the pandemic relative to the pre-pandemic period but receives the least size of
shocks than any other economy. Brazil and the US, followed by Russia and China,
propagate a higher magnitude of shocks than what they receive from others. In con-
trast, Indonesia receives a higher magnitude of shocks from others, followed by

11" See the paper of Hordahl and Shim (2020) who investigated EME bond portfolio flows and long-term
interest rates during the Covid-19 pandemic.
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Fig.2 Total Shock Spillover through S, M, and L. Total shocks spillover indices of sovereign S, M, and
L maturities bond rates which we estimate using Diebold and Yilmaz (2012) frameworks with a 200-
days rolling window

Japan, India, and Germany, compared to their propagation of shocks to others (see
Table 3).

5.2 Rolling Analysis

Section 5.2 discusses the time-varying sovereign bond price shock spillover in S,
M, and L across eight bond markets. The preceding Fig. 1 indicates, there exists
a high degree of uncertainty throughout our sample period, most commonly in
terms of variations in the pre-Covid-19 and Covid-19 periods. Therefore, it may be
highly questionable regarding the appropriateness of the fixed-parameter framework
whether it should apply for the full sample. Thus, this study analyses bond market
shocks spillover using a rolling window of 200 days starting on 1st January 2013.
Figure 2 shows the time-varying bond markets’ total shock spillover index of S, M,
and L for the period 1st January 2013 to 12th November 2020.

There is a significant time variation of total shocks spillover across maturities. As
we move with our analysis in terms of journey from normal period to crisis period,
total spillover varies simultaneously. The shock spillover is marked by the Covid-19
crisis period because there is a sudden spike in the magnitude of shock spillover.
In March 2020, the spillover size attained its peak and reached around 45% of the
total variance forecast error. Elsayed et al. (2022) investigated the shocks spillover
between green bonds and financial markets employing Diebold and Yilmaz’s (2012)
approach. Their findings match our empirical results. They strongly presented
that the highest connectedness is observed in the first quarter of 2020 due to the
pandemic.

Since the last week of February, the number of Covid-19 cases worldwide
grew exponentially; therefore, the WHO alerted the world on 11th March 2020 by
announcing that Covid-19 is a global pandemic. It might have caused psychological
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Fig. 3 Idiosyncratic bond price shocks in explaining the movement of S, M, and L. Own shocks of short,
medium, and long maturities bond rates which we estimate using Diebold and Yilmaz (2012) frame-
works with a 200-days rolling window

worries to investors about the cataclysmic impact of coronavirus on the world
economy. Hence, shocks spillover increased substantially by March 2020. Not sur-
prisingly, the magnitude of shock spillover began to recede gradually since April
as national and subnational governments worldwide have tried to tackle Covid-19
pandemic with a blend of public health safety measures, fiscal measures, macro-pru-
dential, monetary or market-related measures simultaneously (Andries et al., 2020).
However, irrespective of the maturities of bonds, our analysis of spillover demon-
strates that shock transmission has drastically increased during the pandemic, thus
potentially exhibiting greater risk of investment for investors as the shocks spillover
and risks are positively correlated.

Considering bond market shock spillover underlying various maturities, spillover
is much higher for long and medium maturities than short-maturity bonds through-
out the sample period, reflecting the primary contribution of idiosyncratic factors.
Figure 3 visualized the contribution of idiosyncratic factors that majorly explain
total variance forecast errors. The idiosyncratic factors make short maturity varia-
tion more significant than long and medium maturities reflecting relative dominance
of the former.

The variation in total shock spillover during the sample period across eight bond
markets is marked with various disruptions that include both economic and financial
uncertainties. For instance, some markets struggled to finance their public debt and
were confronted with a severe sovereign debt crisis in 2013, although the financial
problem in the Euro Area had eased in the second part of 2012 (Kose et al., 2020). It
kept the shock spillover afloat slightly higher in 2013. Following the European debt
crisis and other financial disruptions, the financial market fragility got erupted in
China in 2015-2016, along with the beginning of a verbal trade war between the US
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Fig.4 Receiving Shock from All Other Bond Markets Via S, M, And L. Each bond market receives total
shocks from all other bond markets through the sovereign short, medium, and long maturities bond rates,
which we have estimated using Diebold and Yilmaz’s (2012) frameworks with a 200-days rolling win-
dow

2013 2014 2015 2016 | 2017 = 2018 2019 2020 2013 2014 2015 2016 2017 = 2018 = 2019 2020 2013 2014 | 2015 | 2016 2017 = 2018 = 2019 2020

2013 2014 | 2015 | 2016 | 2017 | 2018 | 2018 | 2020 2013 2014 | 2015 | 2016 | 2017 | 2018 | 2018 | 2020 2013 2014 | 2015 | 2016 2017 | 2018 2016 2020

2013 2014 2015 | 2016 | 2017 | 2018 | 2019 | 2020 2013 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Fig.5 Transmission of Shocks to All Other Bond Markets Via S, M, And L. Each bond market transmits
total shocks to all other bond markets through the sovereign short, medium, and long maturities bond
rates estimated using Diebold and Yilmaz’s (2012) framework with a 200-days rolling window
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and China in 2016. These disruptions led to a considerable shock spillover over M
and L between 2015 and 2017.

The shocks spillover after reaching its minimum level in mid of 2018 began to
increase afterwards. Since mid-2018, total shocks spillover has been increasing as a
result of the world economy experiencing a slowdown primarily driven by tremen-
dous sluggishness in international trade and manufacturing investment amid rising
trade tension between countries and policy uncertainties afflicting the world econ-
omy (Kose et al., 2020).

Figure 4 shows that each bond market receives total shocks from all other bond
markets (as per Eq. 6), and Fig. 5 shows each bond market transmits total shocks
to all other bond markets (as per Eq. 7) over S, M, and L. There is heterogeneity
or asymmetry in receiving and propagating shocks across the bond markets. The
transmission and reception of shocks over S are less than M and L during the pre-
Covid-19 and Covid-19 periods. The US, Germany, and Japan are receiving a higher
magnitude of shocks, followed by India and China, while Russia, Indonesia, and
Brazil receive minimal magnitude of shocks from all other markets. This provides
an important signal for investors about their pattern of portfolio diversification. Con-
versely, the US and Germany dominate the transmission of shocks to all other mar-
kets over L and M. However, they propagate shocks less through S relative to L and
M. Both the countries are followed by China and India in exporting shocks from
their bond markets, whereas Brazil, Russia, Indonesia, and Japan transmit a lesser
magnitude of shocks. During the pandemic, transmission and reception in the size
of shocks have increased in almost all bond markets, although Brazil and Russia
receive less and they also transmit less shocks, including Indonesia and Japan.

6 Robustness Check

The variables used for the robustness check of our empirical findings are mentioned
in Sect. 4 and Table 6 in the Appendix. We have used composite index of short (S),
medium (M), and long (L) maturities’ bond yields, which are constructed by using
the principal component analysis (PCA). We run PCA over the bond yields of vary-
ing maturities and obtained the first component score, which we have further used
for the estimation of our shock spillover model. Table 7 in Appendix is the outcome
of three estimated models with an optimum lag of 2 in each model selected based on
Akaike Information Criteria (AIC) and 12 horizons for the entire sample. We follow
the same procedure and criteria for deriving the estimates reported in Tables 8 and 9
in Appendix for pre-Covid-19 and Covid-19 periods, respectively.

Using the composite index of S, M, and L, our result confirms that the bond mar-
ket shock spillover index for the full sample period is 2.0% (S), 9.2% (M), and 10.2
(L)%, respectively. It implied that the shock spillover is relatively higher with L and
followed by M. In contrast, the shock spillover over short maturity(S) is marginal
across sovereign bond markets. These estimates derived from our alternative mod-
els are closesly similar to our baseline models. Comparing the shock spillover esti-
mates over two periods (Covid-19 and pre-Covid-19 period) shows that bond mar-
kets shock spillover has increased dramatically for all types of bonds with varying
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maturities during the Covid-19 than pre-Covid-19 crisis period. We observed this
interpretation from our estimates reported in Tables 8 and 9. During the pre-pan-
demic period, the magnitude of shock spillover remains almost similar to that of the
magnitude of shock spillover derived over the entire sample period.

The spillover indices for S, M, and L during the pandemic period, which are
19.9%, 27.3%, and 27.8%, respectively, are almost closer to the estimated figures
as we had obtained from our baseline models. Our effort to carry out a dynamic
analysis under a rolling window of 200 days corroborates our findings that sovereign
bond yield shock spillover across eight countries are higher over L and M maturities
than over S maturity. It also confirms that idiosyncratic shocks mainly drive short-
maturity bond yields substantially. In contrast, there is a greater presence of external
factors exhibiting shock spillover in L and M. Further, it ensures that shock spillo-
vers are much higher during Covid-19 crisis period compared to the pre-Covid-19
period irrespective of maturity of sovereign bonds across all the markets with our
rolling window analyses (see Figs. 8, 9, 10, 11 in the Appendix).

7 Conclusion

The Covid-19 health pandemic hit the world hard, causing tremendous economic
and financial losses for the advanced and emerging economies. Some pertinent
questions have guided our analysis: how does Covid-19 affect the international bond
markets? What is the extent of shock spillover in bond yield rates across markets?
Does bond market shock spillover during the pre-Covid-19 period differ from the
Covid-19 period? Are there any variations in shock spillovers in different sovereign
bond prices based on their maturity patterns during the Covid-19 and pre-Covid-19
periods? Aiming to answer these important questions, the paper examined the sover-
eign bond market shock spillover in short (S), medium (M), and long (L) maturities
among 8 economies such as the US, Japan, Germany, China, India, Russia, Indone-
sia, and Brazil for the period from Ist January 2013 to 12th November 2020 (daily
data) by utilising the Diebold and Yilmaz’s (2012) static and dynamic frameworks.

We observed that Covid-19 affected the financial markets, including bond mar-
kets, across countries severely. The bond yields have witnessed a constant fall
and rise during Covid-19. Our result reveals that no matter whether Covid-19 or
pre-Covid-19 period, shock spillovers in bond yields are higher with long (L) and
medium (M) maturities than the shorter (S)-maturity. More importantly, the shock
spillovers have increased manifold during Covid-19 relative to pre-Covid-19 period
across varying maturities, although the spillover is much less with the short matu-
rity. Thus, we conclude that since countries are subject to heterogeneous asset
classes based on their varying maturity patterns, investors should look for short-
maturity assets (bonds) as part of their better risk management strategies. Based
on our evidence, it suggests that the external shocks minimally influence the short
maturity bond yields.
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The drawback of this present study is that this analysis is limited to consider-
ing few countries from both the developed and emerging economies, and it is also
silent on the determinants of total shock spillover across sovereign bond markets
during the Covid-19 crisis. Nevertheless, this partial analysis provides some valu-
able insights to the international investors and macro policy-making of econo-
mies about how individual markets react in response to other international mar-
kets during the pandemic and lead to changing the course of their strategies for
various assets/instruments with varying maturities.

Appendix

See Figs. 6,7, 8,9, 10 and 11, Tables 6, 7, 8 and 9.

@ Springer



Sovereign Bond Market Shock Spillover Over Different...

723

e Rootsof AR Ch o Rovs o AR Chartric Py o Ml
Inverse Roos of AR Characterstic Polynomialof § (Ful) Inverse Roots of AR Charcterstic Polynomil of§ (First) Inverse Roots of AR Charscteristc Polynomislof M (Fist)
1
1 1 1
10 10 o 0 10
05 . 05 05 .0 05 05
. . .
00 FR 00 H 00 R 00 LI 00 Sl
. . " o
05 . 05 . 05 Je 05 25
10 10 10 10 10
1 1 A 4 B
45 0 05 00 05 10 15 -5 40 05 00 05 10 15 -5 -0 05 00 05 10 15 -5 -0 05 00 05 10 15 45 -0 05 00 05 10 15
Inverse Roots of AR Characteristc Polynomil of M (sccond) erse Rootsof AR Characteistc Polynomil of L (Ful) Inverse Roats of AR Charactersic Polynomial of L (Fis) Inverse Roots of AR Characteristic Polynomial of L (second)
1 1 1 15
10 10 10 1.04
05 g 05 05 05 LY
00 . 3 00 00 0.0 . .
05 «® 05 05 0.5 . .
10 10 10 1.0
1.4 -1 -1 -1.5
15 0 05 00 05 10 15 45 -0 05 00 05 10 15 -5 40 05 00 05 10 15 -5 -0 05 00 05 10 15

Fig. 6 Stability test result of our basic model. Source Author’s own Fig. estimated under the VAR frame-
work
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Fig.7 Stability test result of our robust model. Source Author’s own Fig. estimated under the VAR
framework. A total of 18 models are tried out for estimation in the analysis. Out of 18 models, 9 mod-
els are estimated for the basic analysis, and the rest 9 models are estimated to check the robustness of
estimates emerging from our basic empirical model. Figures 6 and 7 show the stability test results of
both basic and robust empirical models. It can be seen from Figs. 6 and 7 that all the models are stable
because no root lies outside of the unit circle
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Fig.8 Robust total shock spillover of S, M, And L. Robust model of total shocks spillover indices of the
sovereign short, medium, and long maturities bond yield prices which we estimate using Diebold and
Yilmaz (2012) frameworks with a 200-days rolling window
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Fig. 9 A robust model of idiosyncratic shocks of short, medium, and long maturities bond prices which
we estimate using Diebold and Yilmaz (2012) frameworks with a 200-days rolling window
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Fig. 10 Robust Model of receiving shocks from all other bond markets Via S, M, And L. Robust model
of total shocks that each bond market receives from all other bond markets through a sovereign short,
medium, and long maturities bond yield prices which we estimate using Diebold and Yilmaz (2012)
frameworks with a 200-days rolling window
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Fig. 11 Robust model of total shocks transmitted to all other bond markets Via S, M, And L. Robust
model of total shocks that each bond market transmits to all other bond markets through the sovereign
short, medium, and long maturities bond prices which we have estimated using Diebold and Yilmaz
(2012) frameworks with a 200-days rolling window
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Table 6 Variables formed
for robustness check. Source
Author’s own table

@ Springer

Japan

Germany

China

India

Russia

Indonesia

Brazil

1-month, 6-months, and 1-year = PCA = S
2-years, 3-years, and 5-years = PCA > M
7-years, 10-years, and 30-years = PCA = L

3-months, 1-year, and 3-years = PCA = S
5-years, 7-years, and 9-years = PCA = M
10-years, 20-years, and 30-years = PCA = L

3-months, 1-year, and 3-years = PCA = S
5-years, 7-years, and 8-years = PCA > M
10-years, 20-years, and 30-years = PCA = L
1-year, 2-years, and 3-years = PCA = S
5-years, 7-years, and 10-years = PCA = M
15-years, 20-years, and 30-years = PCA = L

3-months, 1-year, and 3-years = PCA = S
5-years, 7-years, and 9-years = PCA > M
10-years, 15-years, and 24-years = PCA = L
1-month, 3-months, and 1-year = PCA = S
2-years, 3-years, and 5-years = PCA = M
7-years, 15-years, and 20-years = PCA = L
1-months, 6-months, and 1-year = PCA = S
3-years, 5-years, and 10-years = PCA > M
15-years, 20-years, and 30-years = PCA = L

9-months, and 1-year = PCA = S
2-years, and 3-years = PCA > M
5-years, 8-years, and 10-years = PCA = L

1-month, 3-months, 6-months, 9-month, 1-year, 2-years, 3-years,
S-years, 7-years, 8-years, 9-years, 10-years, 15-years, 20-years,
24-years, and 30 years are referred to sovereign bond prices over
different maturities starting from 1-month to 30 years respectively.
PCA stands for Principal Component Analysis. S, M, and L indicate
short-maturity bond price, medium maturity bond price, and long-
maturity bond price, respectively
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Table7 Robust static model estimates on bond markets’ shock spillover over different maturities (full
sample)

Country US Japan Germany China India Russia Indonesia Brazil From other
UsS S 971 0.2 1.9 00 0.1 0.1 0.0 0.4 2.9
M 799 07 172 0.6 0.1 0.5 0.2 08 201
L 804 0.6 175 0.1 0.1 04 0.3 0.6 19.6
Japan S 0.6 972 1.5 00 0.1 0.1 0.1 0.4 2.8
M 49 88.6 5.1 0.1 02 0.3 0.0 08 114
L 7.7 888 2.1 0.1 04 0.3 0.2 04 112
Germany S 2.3 0.7 964 0.1 03 0.0 0.1 0.1 3.6
M 18.0 1.6 789 04 03 0.1 0.0 06 211
L 285 0.8 694 03 0.0 0.5 0.2 03  30.6
China S 0.1 0.0 0.0 994 0.1 0.2 0.0 0.2 0.6
M 1.3 02 04 971 0.0 0.1 0.9 0.1 2.9
L 09 0.1 0.5 97.7 05 0.1 0.1 0.0 2.3
India S 02 0.0 0.7 02 982 0.1 0.5 0.2 1.8
M 1.2 0.1 0.8 02 955 038 1.2 0.4 4.5
L 07 0.1 0.1 08 97.0 038 0.1 0.4 3.0
Russia S 0.1 0.0 0.0 03 03 98.6 0.3 0.4 14
M 0.6 0.1 0.1 03 0.7 97.4 0.4 0.4 2.6
L 07 03 0.7 02 0.7 96.0 0.7 0.8 4.0
Indonesia S 0.1 0.1 0.1 03 05 0.1 98.7 0.3 1.3
M 08 0.2 0.1 02 13 0.9 92.3 42 7.7
L 12 03 0.6 01 15 2.5 91.8 2.1 8.2
Brazil S 0.1 0.5 0.0 0.1 04 0.4 0.1 98.3 1.7
M 1.0 02 0.5 0.1 03 0.2 0.9 96.9 3.1
L 08 0.1 0.6 00 0.1 0.3 0.2 97.8 22
To others S 34 1.6 43 1.0 1.8 1.1 1.1 2.0 16.2
M 278 3.0 242 20 28 2.8 3.6 73 734
L 405 23 221 1.5 34 5.0 1.8 46 812
Net S 05 —-12 0.7 04 0 -03 -02 0.3 2.0%
M 77 -84 3.1 -09 -17 02 —-4.1 4.2 9.2%
L 209 -89 -85 -0.8 04 1 - 64 24 10.2%

Table 7 demonstrates the robust model of static bond yield price shocks spillover among the US, Japan,
Germany, China, India, Russia, Indonesia, and Brazil under Diebold and Yilmaz’s (2012) framework for
the period Ist January 2013 to 12th November 2020 (known as full sample period). For more detail, fol-
low the footnote of Table 3 in the main text
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Table 8 Robust static model estimates on bond markets’ shock spillover over different maturities (pre-
Covid-19 period)

Country US Japan Germany China India Russia Indonesia Brazil From other
UsS S 958 0.0 3.6 0.1 0.2 0.1 0.1 0.1 4.2
M 797 09 176 0.6 0.0 0.6 0.1 05 203
L 790 0.8 17.8 0.1 0.1 0.7 0.2 1.2 210
Japan S 05 97.6 1.1 0.0 0.1 0.2 0.1 04 2.4
M 37 909 3.7 0.1 0.3 0.5 0.0 0.8 9.1
L 7.6 88.6 1.8 0.1 0.5 0.4 0.4 06 114
Germany S 34 05 955 0.2 0.2 0.0 0.1 0.1 4.5
M 179 1.4 795 04 0.2 0.1 0.1 04 205
L 276 09 701 0.3 0.0 0.4 0.2 05 299
China S 0.1 0.0 0.2 98.9 0.1 0.3 0.0 0.4 1.1
M 12 03 0.4 96.6 0.0 0.1 1.1 0.2 34
L 1.1 0.1 0.5 97.2 0.6 0.2 0.1 0.3 2.8
India S 00 0.1 0.5 03 98.1 0.1 0.6 0.3 1.9
M 1.0 0.0 0.5 0.1 964 0.7 1.1 0.2 3.6
L 06 0.0 0.2 1.1 96.8 0.8 0.3 0.2 32
Russia S 0.1 0.0 0.0 0.3 0.3 985 0.3 0.4 1.5
M 0.7 0.1 0.1 0.4 06 972 0.5 0.4 2.8
L 09 03 0.6 0.2 0.6 96.1 0.8 0.5 39
Indonesia S 0.1 0.1 0.0 0.3 0.3 0.1 98.5 0.5 1.5
M 08 0.1 0.1 0.4 0.9 0.8 94.2 2.6 5.8
L 14 03 0.6 0.2 1.5 2.9 91.9 1.1 8.1
Brazil S 02 0.1 0.2 0.2 0.3 0.6 0.1 98.5 1.5
M 04 0.1 0.1 0.2 0.7 0.1 0.7 97.6 2.4
L 0.7 0.1 0.2 0.1 0.5 0.2 0.0 98.2 1.8
To others S 43 08 5.7 14 1.6 14 13 2.2 18.6
M 258 29 226 2.2 2.9 2.9 3.6 50 678
L 399 25 216 2.1 4.0 5.5 2.0 44 820
Net S 01 -16 1.2 03 -03 -01 =02 0.7 2.3%
M 55 —-62 2.1 -12 =07 0.1 -22 2.6 8.5%
L 189 -89 -83 - 0.7 0.8 1.6 -6.1 26 10.3%

Table 8 demonstrates the robust model of static bond yield price shocks spillover among the US, Japan,
Germany, China, India, Russia, Indonesia, and Brazil under Diebold and Yilmaz’s (2012) framework for
the period Ist January 2013 to 31st December 2019 (known as first sample period). For more detail, fol-
low the footnote of Table 3 in the main text

@ Springer



Sovereign Bond Market Shock Spillover Over Different...

729

Table9 Robust static model estimates on bond markets’ shock spillover over different maturities (Covid-

19 period)
Country UsS Japan Germany China India Russia Indonesia Brazil From other
UsS S 76.5 73 2.7 4.5 03 52 0.8 2.8 23.5
M 643 43 13.9 1.5 08 3.5 5.8 6.0 35.7
L 74.0 1.2 15.0 0.1 1.7 1.5 5.6 1.0 26.0
Japan S 23 78.1 9.5 1.1 03 6.6 1.1 1.0 21.9
M 214 50.3 14.5 3.0 1.6 45 2.6 1.9 49.7
L 14.9 68.4 5.2 0.4 14 09 2.9 5.9 31.6
Germany S 3.7 8.4 79.6 4.0 23 13 0.3 0.3 20.4
M 247 37 59.4 2.5 33 07 2.4 34 40.6
L 32.0 0.8 56.0 0.1 26 2.0 3.1 33 44.0
China S 35 0.3 4.5 87.5 1.2 1.0 0.3 1.6 12.5
M 2.0 2.1 0.3 91.5 04 1.6 0.5 1.4 8.5
L 0.8 0.9 0.3 95.5 06 0.7 0.6 0.6 4.5
India S 2.0 1.0 2.8 0.8 838 03 8.3 1.0 16.2
M 22 0.8 22 1.5 81.6 638 2.0 3.0 18.4
L 4.5 0.7 2.5 06 81.0 40 2.3 4.5 19.0
Russia S 3.0 38 2.5 0.7 1.0 777 1.6 9.7 22.3
M 0.6 3.8 0.8 0.8 23 878 0.2 3.6 12.2
L 3.1 2.4 2.8 1.6 22 711 4.9 11.7 28.9
Indonesia S 4.1 0.8 0.8 0.4 63 1.7 84.9 0.8 15.1
M 5.6 2.5 1.3 1.7 23 52 68.5 12.8 31.5
L 10.7 4.0 2.5 0.6 1.6 94 60.5 10.7 39.5
Brazil S 1.2 10.0 2.0 2.3 14 10.2 0.3 72.6 27.4
M 7.7 1.1 55 0.6 09 32 2.8 78.3 21.7
L 7.2 2.2 4.7 0.4 2.1 69 5.4 70.9 29.1
To others S 19.9 31.7 24.8 13.6 129 263 12.7 174 1594
M  64.2 18.2 38.5 11.6 11.7 255 16.3 322 2183
L 73.3 12.2 331 3.7 123 253 24.9 377 2226
Net S -3.6 9.8 44 1.1 -33 4 -24 - 10 19.9%
M 285 =315 =21 31 -67 133 - 152 10.5 27.3%
L 473 —-194 -109 -08 —-67 -36 -146 8.6 27.8%

Table 9 demonstrates the robust model of static bond yield price shocks spillover among the US, Japan,
Germany, China, India, Russia, Indonesia, and Brazil under Diebold and Yilmaz’s (2012) framework for
the period 1st January 2020 to 12th November 2020 (known as second sample period). For more detail,

follow the footnote of Table 3 in the main text
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