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ABSTRACT

This paper examines spillover among sovereign CDS, stock market and

commodity market as single system by measuring the spillover index based on

generalized Vector Autoregressive model and forecast error-variance decomposition using

data between 2008-2020. Our findings show the U.S. stock dominates as contributor of

spillover whereas developed Asian markets like Japan and South Korea have less

significant contribution to the system. However, major Asian have larger influence in

sovereign CDS market while Japan hold the highest net receiver for both sovereign

CDS and stock market.

Keywords: Spillover, Asian market, Sovereign CDS, Stock market, Commodity

market, Forecast error-variance decomposition
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CHAPTER 1
INTRODUCTION

Sovereign Credit default swaps (CDS) is a proxy for sovereign risk by
reflecting investors' perceptions of the financial health of the country through the
premium of CDS (CDS spread). Since CDS spread is determined by the probability of
default and the percentage of the bond's value that is agreed to be recovered in case of
a credit event (Anton, 2011), the movement of CDS spread reflect the change of market
perspectives on sovereign risk as new information releases.

There are several factors that determined sovereign risk based on past
literature such as debt-to-GDP, fiscal debt solvency, current account, commodity
dependence, and political risk.

In effect to global financial crisis in 2007, debt level and fiscal deficit play
a key role in determining level of sovereign risk especially Asian countries debt level
has been rising significantly in the past two decades compared to other regions which
makes Asian countries tend to be interesting for study.

Considering that the global financial system is very complicated and highly
interconnected and interdependent. The impact from local event, it could easily be amplified
to global event or the negative impact to one market could have chain impact to other
markets despite seemingly uncorrelated which could be explained in term of spillover.

In common concept, spillovers refer to impact of shock or fluctuation in
one country (market) on another country either same asset or different assets which
impact can be both positive effects for instance can be useful to predict asset price in
another market or negative effect by transmitting excess volatility to other country (market).

When financial markets are globally integrated, we hypothesized that
volatility in major asset classes like stocks would have impact to other markets of gold
which is considered to be a safe haven asset as investors would shift their investment
from high-risk market to lower risk market when stock market is too risky causing
fluctuation in gold market.

Apart from gold, Oil market is another commodity market that play key

role in world economy since oil market is a key driven on world supply chain in which
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oil prices can affect levels of inflation in an economy by increasing the cost of inputs.
Especially, countries that have net energy import would get impact from the higher cost
of import price which could push pressure to country’s financial stability e.g. Sri Lanka,
Lao. Additionally, oil companies mostly have high market capitalization which it’s
fluctuation may have impact to overall market economy and other asset classes.

Not only stock and commodity market, the sovereign CDS which represent
credit risk of sovereign or state's ability to repay its debt could also connect to other
financial market as its change in spread could imply financial stability that influence
the cost of public-sector financing and consequently affect short-term and long-term
financing of the corporate sector and households which impact to the value of the
company and demand in the country.

Intuitively, this could be implied the same for the cross-country influencing
in the same region as these countries dependent on each other in term of commercial
trading as well as common market characteristic.

Although there are several literatures studied on relationship between
commodities or commodities with stock but there are limited literatures studied on the
relationship between Sovereign CDS with stock market and commodities markets
especially in term of spillover.

The literatures regarding spillover usually focus on spillover between two
assets or across country but not across multiple asset markets and countries especially
not sovereign CDS market.

Given global financial integration, it is found to be interesting and
important to study on spillovers among different asset markets as well as the sovereign
CDS market from a systematic perspective. This paper follows the empirical approach
of Diebold and Yilmaz (2009) by examining spillover among sovereign CDS, stock
market and commodity market as single system by measuring the spillover index based
on generalized Vector Autoregressive model and forecast error-variance decomposition
using data between 2009-2020. While the paper addresses similar questions as in Sun
et. al (2017), it focuses more on Asian markets using daily data between 3 November

2008 - 30 March 2022 to examine intermarket spillovers among CDS, commodities,

and stock markets. The selected period encompasses the aftermath of the US-subprime
crisis, European sovereign debt crisis until the ongoing COVID-19 pandemic. The
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markets included in the study are China, Indonesia, Japan, Malaysia, Singapore, South
Korea, and Thailand as well as United State of America as main global reference
market. The paper also examines if the effect of the spillover changes over time by
performing rolling spillover analysis and additionally provides sub-sample spillover
analysis to investigate the effect of spillover in different sub-period if result will be
changed or not.

The emphasis on Asia in this paper is motivated by rapidly rising debt level
has in the past two decades compared to other regions. This implies higher concern for
sovereign risk of Asian countries which makes it more interesting to understand the
impact in Asian markets.

By addressing these questions, the results have important implications for
investors to understand the spillovers among the major asset markets, especially the
sovereign CDS market in order to diversify their investment in regular basis and
particularly during the crisis that markets react to information aggressively.

Following the study, the results provide that stock market of U.S.
dominates over stock market and sovereign CDS market in other countries and
commodity market in every phase while stock market of developed countries like Japan
and South Korea holds less contribution to the system but instead influence from
advance economies of Hong Kong stock market. The main contributor in sovereign
CDS are major Asian countries; China, South Korea and Malaysia as exception in
which most contribution remain within sovereign CDS market. Surprisingly, Japan
sovereign CDS remains as large net receiver similar to Japan stock market. Moreover,
the countries with large contribution in sovereign CDS market conversely has limited
contribution in stock market. Gold market is the least contributor from commodity
market. In conclusion, sovereign CDS holds larger influence to stock market relative to
commaodity market while stock market gives more contribution to changes of sovereign
CDS compared to the return of commodity markets but commodity markets have higher
influence in stock market compared to Sovereign CDS.
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CHAPTER 2
REVIEW OF LITERATURE

After Global financial crisis during 2009, investor tend to pay close
attention to sovereign risk when they consider to make investment in both developed
countries and emerging countries. Thereafter, Sovereign credit default swap (CDS)
market has been in focus and gained attention from investors significantly after first
introduced in 2000. According to BIS quarter review of December 2010, sovereign
CDS which accounted for 20% of total CDS market was surged in volume after global
financial crisis (Badaoui, Cathcart, & El-Jahel, 2013; Groba, Lafuente & Serrano,
2013; Inaki and Torsten, 2018).

The sovereign CDS is the bilateral swap contract which the underlying
asset is government bond. The sovereign CDS premium or CDS spread is the cost that
buyer require to make periodic payment for protection against a default event by
sovereign borrower while seller obligated to pay the face value of the underlying asset
in the event of default. Thus, the sovereign CDS is a useful tool for international
investors to hedge exposure on the sovereign risk in the event that the debtor country
could not repay its debt due to the lacking of financial resources. On the other hand,
sovereign CDS spread consider to be an efficient proxy of sovereign risk as it reflects
investors' perceptions on the financial health of country (Yu 2016; Naifar, 2020)

Following the strong growth in sovereign CDS market, there are many
literatures study on sovereign CDS in several different contexts which can be grouped
into 3 main topics.

The first topic is about spread determinants by Blommestein, Eijffinger,
and Qian (2016), Galariotisa et al., (2016) and Ho (2016) that observe the
contributable factor to sovereign CDS spread in Europe region and emerging countries
respectively. Another type of literature study on dynamics of sovereign CDS contagion
and price efficiency finds that there is contagion in same region when events happen in
one country (Huang, Chen, & Shen, 2014) and developing countries in Asia show the
most efficient CDS markets in term of the weak-form efficiency (Sensoy, Fabozzi, &

Eraslan, 2017). The third types of literatures concern on spillover between sovereign
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CDS and other markets especially commodity markets that there are many researches
study spillover with different types of commaodities including gold market, oil index,
natural resources.

According to Sun et al., (2011), there is significant correlation in emerging
countries between oil price and sovereign CDS spread that moves in opposite direction
consistent with  Arezki, R., & Bruckner, M. (2012) and Alexandre and de Benoist
(2010) that also study emerging countries and find negative correlation between
commodity prices (natural resources including oil) and sovereign bond spread but
Arezki and Brlckner result show specifically in democracies countries while positive
correlation was observed in autocracies countries. Bouri et al. (2017) who specifically
study in term of spillover found significant volatility spillover between commodity
prices and sovereign CDS spreads for most of the countries but results vary overtime
and type of commodity and expect there might be effect from other factors as well.

In addition to the spillover between sovereign CDS and commaodity market,
there are some literatures extended study on spillover to stock market as well. Ngene,
Hassan and Alam (2014) find evidence of momentum in cointegration relationship in
CDS and equity markets in 13 emerging countries. Many Literatures observe spillover
between sovereign CDS and stock market in European countries including Coronado,
Corzo and Lazcano (2012), Ballester, Laura, and Ana (2020,2021) and Sorin and
Anca (2020) investigate the relationship between sovereign Credit Default Swap (CDS)
and stock markets in European countries which results align as there is relationship of
these two markets but magnitude and details vary by time and countries. Tabak et al.,
(2016) studied specifically in banking sector for the contagion of the two markets which
evidence shows strong contagion in several cases.

The past literatures on spillover are mostly studied between two asset
markets. Only a few studies concern spillover between multiple asset markets and
countries. One of them is from Mensi et al., (2017) that reveals result showing crude
oil market has higher impact than gold on the Islamic stock markets as well as be a
greater receiver of shocks compared to gold while Islamic stock index is a net
contributor of volatility in contrast to commodity market. While recent study of Sun et
al. (2020) found that the stock market always plays key role in every period while the
sovereign CDS market and the commodity market show significant effect during the
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certain period. They evidence large effect spillover from sovereign CDS to stock in
emerging country on the other hand effect from stock to sovereign CDS show more
average in developed countries.

Evidence from the past literatures shows that different asset classes and
countries have some interconnection between each other as global complex network.
Thus, it would be interesting to study spillover between multiple assets classes and
countries especially in Asia which not many literatures focusing on this region.

To further study spillover on multiple asset markets in Asia region, we
based our study on previous paper of Sun et al. (2020) that would be the best suitable
for reference in terms of both the studied factors and the methodology of generalized

forecast error variance decomposition that eliminate of the limitation of ordering.
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CHAPTER 3
DATA BACKGROUND AND SUMMARY STATISTICS

3.1 Data

In effect to global financial crisis in 2007, debt level and fiscal deficit play
key roles in determining level of sovereign risk. As shown in figure 3.1, debt level as
represented in term of debt-to-GDP was skyrocketed during crisis and rising
continuously since global financial crisis. After event of global financial crisis, Asia
countries debt level has been rising significantly in the past two decades compared to
other zone as represented in figure 3.2 comparing external debt between 2000 and 2020.
From this figure, it could be implied that the sovereign/country risk of these countries

rose as debt level increased that makes Asia tend to be interesting for study.

Figure 3.1
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Figure 3.2

External Debt in Developing Economies by Region

(Billion US$)
4000
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East Asia & Pacific Latin America & Caribbean  Middle East & North Africa

= Public debt, 2000 = Public debt, 2020

Source: Developing country external debt: From growing sustainability concerns to potential crisis in
the time of COVID-19 by UNITED NATION UNCTAD

Therefore, we choose to focus our study scope in Asian countries by
selected 7 representative Asian countries in both developed countries (Japan and South
Korea) and developing countries (China, Hong Kong, Indonesia, Malaysia, and
Thailand) upon dependency in terms of commercial trading (major export/import
countries) and United States of America as its market has major impact to other
countries around the world based on existing literatures.

The sample period covers 3 November 2008 — 30 March 2022 which
involves many major financial events start from global financial crisis until the event
of COVID-19 pandemic.

We obtain the sovereign CDS mid-spread of contract with five years to
maturity and the stock index of selected countries from DataStream

We decide to choose oil and gold to represent commaodities market as they
are the main commodities exported or imported for these countries and have significant
impact to economy. The oil prices refer from Europe Brent Spot price in U.S. dollar per
barrel unit which Singapore’s trader who act like trading commaodity hub in Asia pacific
region, mainly refers to. The oil price data retrieve from the U.S. Energy Information
Administration in U.S. dollar per barrel unit, and gold prices are extracted from the
FRED Economic Data is Gold Fixing Price 10:30 A.M. (London time) in the London
Bullion Market shown in U.S. dollar per troy ounce.
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Processing data to get daily returns calculate from difference of the stock

indexed and commodity index and difference in spread for sovereign CDS changes in

terms of logarithms.

Table 3.1 Data and Variable

Market Variable Description

Sovereign CDS_J Japan SNR 5Y - CDS Prem. mid

CDS Spread CDS_C  Peoples Rep of china SNR CR14 5Y - CDS Prem. mid
CDS H  HK Special ADM Regn SNR CR14 5Y - CDS Prem. mid
CDS T Kingdom of Thailand SNR CR14 5Y - CDS Prem. mid
CDS | Rep of Indonesia SNR CR14 5Y - CDS Prem. mid
CDS_K  Republic of Korea SNR CR14 5Y - CDS Prem. mid
CDS M  Malaysia SNR CR14 5Y E - CDS Prem. mid
CDS_ U USASNRCR5Y -CDS Prem. mid

Stock Index  Stock J  Nikkei Stock Index
Stock_C  Shanghai SE Composite Stock Market Index
Stock H Hang Seng Composite Index
Stock_T  Stock Exchange of Thailand Index
Stock _|I  Jakarta Stock Exchange Composite Index
Stock_K  Korea Stock Exchange Index
Stock_ M  FTSE Bursa Malaysia Index
Stock U  S&P 500 Index

Commodity  Oil European Brent Spot Price
Gold Gold Fixing Price 10.30 A.M. (London time)

Data source: Sovereign CDS spread and Stock Index from DataStream
Oil Price from https://www.eia.gov/
Gold Price from FRED Economic Data

3.2 Descriptive Statistics

From Statistics data in table 3.2, it shows that all Sovereign CDS changes

have negative mean value in contrast with all sample stock markets and commodity

markets that have positive mean value. For standard deviation, all sovereign CDS

samples have higher level of standard deviation in relative to stock markets and

commodity markets in which Japan has the highest standard deviation of 5.55%
followed by Indonesia (4.26%) and U.S. (4.11%) that could imply high volatility in

these countries. Among stock markets, Japan and China have the highest standard
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deviation of 1.36% followed by Hong Kong at 1.32% while Oil market has high
standard deviation at 2.83%. The skewness of stock markets and commodity markets
are all negative while sovereign CDS are all positive except for Hong Kong. For
Kurtosis, it shows considerably high for many variables especially for oil market return.
Furthermore, we test augmented Dickey and Fuller's unit root test (1979, 1981) to ensure that

all series are stationary and justified to be used in our analysis with VAR model approach.

Table 3.2 Descriptive Statistics (Period: 3 November 2008 — 30 March 2022; Daily)

Variables Mean Min Max Std. Dev. Kaurtosis Skewness ADF
Sovereign CDS Changes

CDS J -0.04% -51% 49% 5.55% 14.62 0.16 -51.37***
CDS C -0.03% -30% 24% 3.41% 7.62 0.50 -40.50***
CDS K -0.07% -30% 20% 3.32% 7.53 0.14 -40.22%**
CDS T -0.05% -25% 26% 2.88% 11.48 0.46 -38.14***
CDS H -003% -36% 37% 2.85% 56.65 (1.06)  -42.24%**
CDS M -0.04% -29% 44% 3.45% 16.00 1.02 -39.28***
CDS | -0.07% -22% 41% 4.26% 8.75 0.58 -46.69***
CDS U -0.02% -44% 63% 4.11% 53.50 2.14 -42.41%**
Stock Returns
Stock J  0.03% -11% 8% 1.36% 5.07 (0.39) -41.76***
Stock C 0.02% -9% 7% 1.36% 6.02 0.77)  -41.82***
Stock K 0.03% -9% 8% 1.11% 7.42 (0.34)  -40.71***
Stock. T 0.04% -11% 8% 1.08% 11.70 (0.72)  -41.01***
Stock H 0.02% -7% 9% 1.32% 3.86 (0.15)  -41.29***
Stock M 0.02% -5% 7%  0.66% 7.73 (0.09) -38.83***
Stock I 0.05% -9% 10% 1.13% 7.50 (0.10)  -41.33***

Stock U 0.04% -13% 9% 1.19% 12.94 (0.70)  -43.02***
Commaodity Return

Oil 0.02% -64% 41% 2.83% 101.49 (2.63)  -44.65***

Gold 003% -9% 7% 1.01% 6.52 (0.21)  -42.83***

Note: ADF is the augmented Dickey and Fuller's unit root test with intercept and trend
***significance level at 1%
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3.3 Correlation analysis

The following figure 3.3 demonstrates initial view of correlation between
different asset market indexes for Thailand which we can observe that there are some
linkages among these markets. For instance, sovereign CDS premium keeps high level
at the beginning of the period while the stock index and gold price remain low as we

can see some pattern through time.

Figure 3.3

Thailand index of Stock, Sovereign CDS and Commodity market

Thailand

Index
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e il Index Gold Index Stock Index Sovereign CDS spread index

In order to see more details of the connection among different asset
markets, we conduct Pearson correlation coefficients to see pairwise correlation with
result shown in Table 3.3. Obviously, changes in sovereign CDS spread have negative
correlation with return of stock markets and commodity market while return of stock
markets have positive correlation with return on commodity markets. For pairwise
correlation, sovereign CDS of U.S. has the lowest average correlation coefficients of
0.05 while the highest average correlation coefficients are Hong Kong and Indonesia
stock markets at 0.12 and the highest correlation coefficients pair is within the
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sovereign CDS market which is China-Hong Kong pair (0.82) followed by China-
Korea pair (0.77). For the view of correlation within stock market, the highest belongs
to Indonesia-Hong Kong stock market (0.64) whereas the lowest correlation is U.S.-
China stock market pair (0.12).

In terms of correlation between markets, the pair of China sovereign CDS-
Indonesia Stock market gives the highest correlation coefficient (-0.48) followed by
Hong Kong sovereign CDS-Japan stock market (-0.47) and China sovereign CDS-
Japan stock market (-0.45) pairs. For commodity market, it has higher average
correlation coefficient with stock markets compared to sovereign CDS market in which
oil market reveals higher correlation than gold market. The highest correlation pairs for
commodity market are Oil market-U.S. stock market pair (0.28) and gold market —
Hong Kong stock market and Thailand stock market (-0.13).
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Table 3.3 Pearson correlation coefficients (Period: 03.11.2008 — 30.03.2022; Daily)

13

Sovereign CDS changes Stock Returns Commodity Returns
CDSJ CDSC CDSK CDST CDSH CDSM CDSI CDS U Stock J Stock C Stock K Stock T Stock H Stock M Stock I Stock U Oil Gold
CDS J 1
CDS C 0.18 1
CDS K 0.18 0.82 1
CDS T 0.19 0.73 0.75 1
CDS H 0.12 0.25 0.25 0.27 1
CDS M 0.16 0.77 0.76 0.74 0.26 1
CDS 1 0.14 0.57 0.58 0.53 0.17 0.6 1
CDS U 0.04* 0.09 0.09 0.1 0.04 0.09 0.08 1
Stock J -0.16 -0.45 -0.47 -0.4 -0.13 -0.43 -0.32 -0.08 1
Stock C -0.01*  -0.25 -0.24 -0.2 -0.05 -0.23 -0.18  -0.04* 028 1
Stock K -0.09 -0.42 044 -0.37  -0.11 -0.42 -0.35 -0.07 0.57 0.33 1
Stock T -0.08 -0.36 -0.36 -0.34  -0.09 -0.37 -0.3 -0.06 0.32 0.24 0.42 1
Stock H -0.09 -0.48 -0.48 -0.4 -0.12 -047  -0.37  -0.07 0.52 0.55 0.64 0.48 1
Stock M -0.07  -0.33 -0.36 -0.3 -0.09 -0.37 -0.3 -0.07 0.38 0.22 0.46 0.43 0.48 1
Stock 1 -0.08 -0.37  -0.39 -0.37 -0.1 -0.41 -0.34  -0.09 0.35 0.24 0.46 0.47 0.49 0.46 1
Stock U -0.02*  -0.18 -0.18 -0.13 0 -0.17  -0.15*  -0.07 0.16 0.12 0.24 0.25 0.23 0.14 0.18 1
oil -0.02*  -0.12 -0.14  -0.12 0 -0.17  -0.11*  -0.06 0.14 0.12 0.17 0.19 0.2 0.15 0.15 0.28 1
Gold -0.02*  -0.07  -0.06 -0.08 -0.06 -0.09 -0.1 -0.02*  -0.03*  0.07 0.09 0.13 0.13 0.09 0.11 0.05 0.1 1

* Denote insignificance at level 1%
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CHAPTER 4
EMPIRICAL METHODS AND RESULTS

4.1 Empirical Methods

To study spillovers among sovereign CDS, equity and commodity market,
this paper follows methodology from Sun et al. (2020) by applying Diebold and Yilmaz
(2009, 2012) approach. This approach progresses spillover effects between variables
by employed forecast error variance decomposition (FEVD). This model allows us
to breakdown the forecast error variances of each variable into parts which are
attributable to the shocks to other variables.

Consider a covariance stationary P-th order (P=5), N-variable VAR(p),

2 :P 1
X = @ixt_l' + &t ( )
i=1

where € ~ (0, X) is a vector of uncorrelated error terms, x; =
(X1, X2¢, -, Xy¢) 1 @ vector of N endogenous variables which are the selected market
index return of different countries (N =18 variables) as indicated in data section, @; is
a N x N coefficient matrix where i=1, 2, ...,P

The moving average coefficients of model (1) are the key to understanding

the dynamics of the VAR system which can be written as

o)
X = Ajgt—j
j=0

where the N xN coefficient matrix A; obeys the recursion of 4; =
@, 4j1 + D Aj2 + -+ + PpAj-p With Ag being an NxN identity matrix and with Aj =
0 for j < O then we derive spillovers from generalized forecast error variance
decompositions of moving average of model (1). This generalized VAR framework will
eliminate the possible dependence of the results on ordering.
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According to Diebold and Yilmaz (2012), we exploit H-step-ahead
generalized forecast error variances decomposition framework by Koop, Pesaran, and
Potter (1996) and Pesaran and Shin (1998) to generate H-step-ahead error variances
where H =10 for our study in forecasting X that are due to shocks to x;, fori,j =1, 2, .

.., N, where N is total market index of different countries such that i #j.

2)
S H=L o (
g _ %I Zin=o e/ An 2 ¢)

j = H-1

Zh=u (t’;{lh Z ;‘1}; €)

where X is the variance matrix for the error vector €, oj is the standard
deviation of the error term for the j™ equation, and ej is an N x 1 selection vector, with
one as the i element and zeros elsewhere. This NxN matrix 0" gives the contributions
of variable j to the forecast error variance of variable i. Because all the variance

contribution shares for each i do not sum to one under the generalized decomposition

. . Ng H .
i.e. Z-1% =1 \We normalized each entry by sum of row as follow:

b 6 3)

U = N aH
Ej=1efj

N zH _ N ~H W
Note by construction; 2j 6 =land3y; , 6 =N

The matrix 67 = 6", shows the spillover effects among the N variables.

The main diagonal elements contain the own-variable spillovers (contributions) and the
off-diagonal elements show the cross-variable spillovers (contributions).

The total spillover index is defined as follow

N =H N —~H (4)
Dijtizs Oy itz Oy
TS = —HH L %100 = TR T < 100

N ,
Ef.j=l Gij
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Net spillover for each variable

We calculate the spillover to others, the spillover transmitted by a certain
variable to all other markets. The spillover to others equals the numerical weighted out-
degree (5) and the spillovers received from all other markets which is numerical

weighted out-degree (6) show as follows:
A =311 8 (6) A" =X 0] ®)

The net volatility spillover is the difference between the gross volatility

shocks transmitted to and those received from all other markets.
NS; = do% — din (6)
4.2 Empirical Results

4.2.1 Full-sample spillover

The spillover index for full-sample period was derived based on 10-
day ahead forecast-error variance decompositions represent in Table 4.2. The table shows
estimated contribution from variable j to the forecast error variance of variable i. For
the diagonal elements that i = j, it measures internal spillovers within one market while
the off-diagonal element i # j measures spillover across different markets or countries.
The total receiver from other of the variable is the row sums excluding internal spillover
of the element (“Contribution from others”) and the total contribution is the column
sums represent spillover that variable contributes to other (“Contributions to others”).

From the result in Table 4.2, the total spillover index within the
sovereign CDS, equity and commodity markets is 50.2% which can be interpreted that
about half of all total forecast error variance affects by the shocks from other markets in
relative to its own shock. This suggests considerable internal interaction among these
markets. For internal spillovers within Sovereign CDS market, we can see the large
effect among China, South Korea, Thailand and Malaysia in which China sovereign
CDS changes show the highest average contribution within sovereign CDS market of
8.33% followed by South Korea 8.26%, Malaysia 8.13%, Thailand 7.2% respectively
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while other developed counties like Japan and U.S. contribute relatively small to other
countries sovereign CDS changes such as U.S. account for 0.4% of sovereign CDS
changes of China and average 0.43% to sovereign CDS market.

On the other hand, the internal spillovers within stock markets, U.S.
stock return contribute a large portion of 8.23% averagely within stock market which
contributes the most to Japan and South Korea stock market for 14.55% and 9.83%
respectively and the least to China stock market for 3.02% while China stock market
contributes 1.33% to stock return in U.S, 1.97% in Japan and the largest in South Korea
2.92%. Another major contributor in stock market is the stock return in Hong Kong
with contribution 61.95% that largely affecting stock return of China 16.46% and South
Korea 11.54%. It could be considered that effect between developed market and
developing market is smaller than within developed market or developing market
except for Hong Kong.

Next, we consider spillover between sovereign CDS and stock
market. First, the spillovers from sovereign CDS to stock market, China and South
Korea are the major contributors with average contribution of 8.33% and 8.24%
respectively to stock market return while Japan and U.S. as developed countries provide
relatively small contribution with average of 0.58% and 0.43% to stock market return.
On the contrary, the spillovers from stock market to sovereign market show that U.S.
stock market return is the top contributor to all sovereign CDS markets with average
contribution of 5.20% followed by Hong Kong stock market 2.58%, Indonesia stock
market 1.91% and South Korea stock market 1.83% whereas China stock market
contributes the least for both stock market and overall sovereign CDS market at average
2.86% and 0.6% respectively.

For the spillovers of sovereign CDS - commodity markets and stock
market — commodity, return of stock market give more contribution to changes of
sovereign CDS compared to the return of commodity markets while contribution from
return of commodity markets to sovereign CDS changes and return of stock market that
commaodity market has stronger influence to stock market than sovereign CDS market
especially in oil market but limited for gold market which similar to Mensi et al., (2017).

In addition to pairwise spillovers and the total spillover index for the
entire system, we also measure the net spillover of each variable to identify whether the
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variable is the net spillover contributor or net receiver in which the net spillover will be
derived from the difference between total spillover from the variable to all other
variables and total spillover from all other variables to the variable. For full-sample
period, we can see that U.S. and Hong Kong stock markets are the major net
contributors with net contribution of 59.93% and 18.44% while China, South Korea
and Malaysia are the net contributors from sovereign CDS markets to the entire system.

We can observe that China in term of Sovereign CDS has strong
influence to other market in contrast to China stock market that provide explicitly small
contribution. This suggests that China as a main economic driven in Asia and the largest
exporter in the world has significant impact to other countries in the Asia region that
the increasing in vulnerability of China economy affects to the stability of the rest of
the Asia while the intervention of Chinese’s government with capital control in stock
market still keeps their market separate from the rest of the world. The same hold for
South Korea that its sovereign CDS market contributes about the same level as China
which explains how important of South Korea economy to the other countries in the
region given the world's seventh largest exporter of goods and the ninth largest importer
refers to World Trade Organization 2021 whereas stock market is mainly influenced by
Hong Kong and U.S. stock market which could be implied from the large sized of stock
market capitalization of these two countries considered 10 times bigger than other
sample countries stock markets that the shock effect provides high contribution except
China and Japan stock market. More interestingly, Japan as another developed country
in contrary clearly shows that its shock has relatively less impact to the entire system
as result in the net receiver for both sovereign CDS and stock market while shock from
others has a certain level of impact to Japan stock market but very limited to Japan
sovereign CDS. Another key finding is that Hong Kong stock market does have strong
presence in Asia which its shock has significant effect to the system second to U.S.
stock market as it is the third-largest stock market in Asia followed Japan and China
but consider higher liquidity and more familiar to investors than China stock market
while impact in term of sovereign CDS is still limited. Lastly, similar to many studies,
U.S. stock market takes dominant role as a key contribution to this entire system in
contrast to U.S sovereign CDS that does not appear to have substantial connectedness

with other markets in this region.
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Table 4.1 Full -Sample spillover table (03.11.2008 — 30.03.2022): Total spillover index= 50.22%

19

From (j)

To®  ps; cDSC CDSK CDST CDSH CDSM CDSI CDSU Stock ] Stock C Stock K Stock T Stock H Stock M Stock I Stock U Oil Gold i‘:;:‘:t‘l‘ltg:
CDSJ 8278 2 2.01 2 128 178 093 027 104 01 044 055 06 03 054 234 072 032 17.22
CDS C 0.7 2581 1543 1164 125 135 681 04 222 108 259 234 421 119 213 742 089 038 74.19
CDS K 066 1523 2522 1193 122 1253 678 053 267 097 302 212 411 154 24 758 119 027 74.78
CDS T 0.7 1268 1321 2728 155 1287 674 053 17 073 23 298 312 115 274 773 154 045 72.72
CDSH 078 399 391 423 7418 373 116 059 057 036 092 066 098 033 067 18 059 054 25.82
CDS M 053 1355 1252 1143 121 2471 824 036 188 084 284 298 395 18 29 789 181 0.5 75.29
CDS I 046 985 983 841 062 116 3698 032 12 058 221 237 32 145 329 58 119 055 63.02
CDS U 024 103 073 08 048 09 072 9025 057 014 033 041 047 045 064 098 0.6l 0.22 9.75
Stock J 068 38 439 251 034 331 150 051 41 197 865 273 675 266 219 1455 197 033 59
Stock C 008 227 202 142 012 177 089 009 258 573 449 246 1646 155 218  3.02 092 038 2.7
Stock K 0.08 341 38 237 019 361 212 025 741 292 3566 472 1154 47 503 983 181 0.57 64.34
Stock T 014 359 319 314 018 404 262 016 226 18 532 4201 761 579 716 733 184  0.83 57.00
Stock H 011 446 436 26 019 423 241 018 484 9 987 549 3128 478 542 852 163  0.63 68.72
Stock M 022 258 314 175 01 357 2.1 02 305 12 6 697 716 4438 7 758 243 056 55.62
Stock 1 017 35 38 344 021 436 328 031 214 168 573 731 734 614 4164 676 148 0.7 58.36
Stock U 016 323 34 251 006 32 196 041 374 133 522 522 500 222 28 5413 48 0.53 45.87

oil 022 114 133 079 007 207 08 04 128 101 231 24 299 163 147 621 73.02 081 26.98

Gold 011 057 045 078 0.7 00 08 016 042 046 072 181 158 058 102 037 092  87.55 1245

C“;“;:’::““ 6.05 8695 8753 7175 976 8798 50.08 57 3058 2627 6297 5353 8715 3832 4058 10581 2633 850 50.22%
Net Total
contribution/ -11.17 1276 1275 097 -1606 12.69 -12.94 -405 -1942 -1642 -137 -356 1844 -1729 -878 5993 -0.65  -3.86 spillover

(receive) index
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4.2.2 Rolling spillover analysis
As the spillover effect is dynamic which could be changed over time
especially through the various financial events during the sample period. To capture
spillover movement in different financial events, this study assesses the time-varying
spillovers index by applying rolling-window analysis based on 200-day rolling window
with a 10-day forecast horizon. The time-varying spillover index is illustrated in Figure
4.1 (From 10.08.2009 — 30.03.2022).

Figure 4.1

Total spillover index (200-day rolling windows, 10-step Horizon)
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Our time series spillover index starts at around 70% which is the
ongoing period of European sovereign debt crisis that continue to expand and peak in
2012 causing index to reach up to 79% before declining to the low level around 57% in
2014 as global economy gradually recovers from the impact of European crisis. Around
mid-2014 the oil price begins to plunge with lowest record in 2016 that the total spill
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index illustrates significant fluctuation during the period as the index rise to level of
70% again in 2016 and later decline easing from agreement among OPEC on production
limit and demand recovery. Again in 2020, total spillover index spikes up along with
the start of turmoil situation as COVID-19 pandemic halts economic activities around
the world with the highest record of total spillover index of 80% in the sample period.
To test total spillover index sensitivity, this study performs the robustness tests with
different H step-ahead forecast error variance decomposition and days of rolling
window as shown in Appendix A (figures A.1 and A.3) in which it shows similar pattern
of total spillover index despite the changes of parameter. Hence, it can be implied that
the results are robust and consistent. From the time-series spillover index result, it
demonstrates clear characteristics of each phase as major economic events occur.
Therefore, it is important to further study on the specific effect in different sub-sample
periods of sovereign CDS-equity-commodity system.
4.2.3 Sub-sample spillover analysis

According to the dynamic time-varying spillover index result, we
split the spillover effect analysis into three main sub-sample periods shown in Table
4.3 using the same lags and 10-day ahead forecast error variance decomposition as full-

sample analysis.

Table 4.2 Sub-sample periods

Phase Time frame

Phase 1 03.11.2008 - 14.04.2014
Phase 2 15.04.2014 - 25.05.2018
Phase 3 28.05.2018 - 30.03.2022

The results of all sub-sample periods are presented in Table 4.4 to
Table 4.6. We can observe that different periods provide vary in results which phase 1
shows the highest total spillover index of 55.5% followed by phase 3 at 53.5% and
phase 2 at 47.3%. The result indicates that the effect during phase 1 which cover many
major economic events such as European sovereign debt crisis, late U.S. subprime crisis
and announcement of three rounds of quantitative easing implies to have more influence
on spillover to this system than the effect during COVID-19 pandemic in phase 3 and

Brexit and European crisis in phase 2. In line with full-sample result, U.S. Stock market
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is clearly a key contributor in this entire system as it dominates over other markets for
all the sub-sample periods while Hong Kong stock market keeps strong influence as a
main net contribution for phase 1 and phase 2 but lower contribution in phase 3. On the
other hand, Japan maintains as a major net receiver for both stock market and sovereign
CDS as well as China stock market despite major events of quantitative and qualitative
monetary easing announcement from Bank of Japan during phase 1 and China stock
market crash in phase 2 sample period. In the first phase, the spillover contribution is
mainly led by the stock market while sovereign CDS markets increase contribution in
second and third phase leading by China, South Korea and Malaysia but mainly
contribute within sovereign CDS market. In contrast to full-sample result, commodity
market of Oil market turns to be net contribution in first and second phase consistent
with the record of sharp drop of oil price during 2008 financial crisis due to diminishing
demand and purchasing power that oil prices fell 70% in less than a year and plunge
again after mid-2014 to 2016 almost 60%. Apparently, U.S. stock market always be
dominant contributor in every phase similar to the result from Sun et al. (2020) while
the major sovereign CDS countries show increasing trend of contribution in phase 2
and 3 especially Malaysia. Furthermore, commodity market particularly contributes to

the system in major oil events during phase 1 and phase 2.
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Table 4.3: Spillover table phase 1 (03.11.2008 — 14.04.2014): Total spillover index = 55.49%

23

From (j)

To) CDSJ CDS C CDSK CDST CDSH CDSM CDSI CDS U Stock J Stock C Stock K Stock T Stock H Stock M Stock I Stock U  Oil Gold (i_:’:[:':t“t::::'
CDSJ 7835 265 221 188 144 243 189 065 149 027 042 051 075 058 048 270  0.70 0.60 21.65
CDS C 103 23.09 1481 1139 18 1219 1023 156 18 088 171 187 348 111 280 785  1.56 0.71 76.91
CDS K 081 1430 2210 1099 165 1230 11.01 156 185 080 104 198 362 136 320 814 181 0.48 77.90
CDS T 077 1212 1199 2372 177 128 952 163 159 095 168 300 346 136 365 740 201 0.58 76.28
CDS H 071 500 471 437 6035 493 343 169 075 038 152 113 151 071 110 376 262 1.33 39.65
CDS M 092 1212 1244 1207 185 2193 1034 136 129 074 195 235 369 178 335 88  2.25 0.70 78.07
CDS 1 079 1135 1253 1002 159 1134 2514 139 107 096 207 218 391 168 500 697 118 0.85 74.86
CDS U 058 228 176 200 192 148 142 7405 102 031 067 133 156 142 224 361 182 0.46 25.05
Stock J 116 326 330 268 063 229 200 152 39056 149 752 274 654 365 319 1490  3.06 0.52 60.44
Stock C 014 163 18 180 031 143 255 033 263 5340 510 28 1435 300 321 230  2.09 111 46.60
Stock K 019 235 241 182 052 236 286 066 691 337 3578 394 1224 451 530 1118 245 1.06 64.22
Stock T 025 285 277 335 038 281 302 08 292 234 435 4080 894 537 893 649 220 130 50.11
Stock H 027 305 323 249 029 311 337 072 435 738 049 508 2797 543 701 1138 3.02 146 72.03
Stock M 046 177 223 213 025 217 278 100 342 239 538 607 853 4076 862 841 3.0l 0.62 59.24
Stock 1 040 370 400 38 031 358 506 129 322 215 509 746 887 668 3517 650 207 0.5 64.83
Stock U 020 199 198 169 012 129 180 191 248 121 597 358 566 3.0 240 5561  8.03 0.98 4439

oil 020 084 08 106 024 066 095 110 059 210 263 234 496 211 187 031 6599  2.00 34.01

Gold 033 120 103 116 172 18 198 032 026 104 110 247 297 059 092 073 287  77.36 22.64

C“:":"‘:E’::““ 929 8256 8404 7488 1682 79.04 7421 1952 37.65 28.85 5857 5173 95.04 4442 6345 12049 4274  15.44 55.49%
Net Total
contribution/ -1236 566 615  -140 -228 097  -0.65 -643 2279 -1775 -5.65 -7.37 2301 -1482 -130 7610 874 720 spillover

(receive) index
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Table 4.4 Spillover table phase 2 (15.04.2014 — 25.05.2018): Total spillover index = 47.32%

24

From (j)

Contribution

To@) CDSJ CDSC CDSK CDST CDSH CDSM CDSI CDSU Stock J Stock C Stock K Stock T Stock H Stock M Stock I Stock U Ol Gold > %0
CcpDsJ 7317 171 227 230 085 176 084 145 271 062 150 136 151 068 061 501 097 068 26.83
CDS C 056 2641 1502 1274 078 1416 526 030 191 076 218 196 450 208 179 791 120  0.19 73.50
CDS K 086 1595 2758 1096 030 1237 525 035 273 080 351 141 508 187 177 763 148 0.1 7242
CDS T 113 1451 1195 2913 098 1335 533 048 117 055 208 265 321 233 233 668 199 015 70.87
CDSH 080 233 095 270 8078 441 108 049 047 072 043 068 068 045 056 123 074 050 19.22
CDS M 065 1528 1281 1288 146 2870 584 030 125 077 192 197 422 246 232 520 185  0.14 71.30
CDS I 105 821 806 731 038 861 5057 075 063 025 118 164 171 150 171 442 157 044 49.43
CDSU 074 169 08 171 021 100 222 860 045 026 072 029 061 070 039 065 041 052 13.40
Stock J 204 333 434 207 021 227 072 052 4250 195 730 284 612 244 099 1395 207 434 5750
Stock C 040 155 161 111 054 145 022 016 161 6280 216 203 1759 030 140 414 076 0.5 37.20
Stock K 047 331 504 304 033 297 130 038 720 119 4215 373 1009 451 327 864 179  0.60 57.85
Stock T 030 312 240 336 042 319 163 027 236 179 445 S1.87 643 535 492 622 157 034 48.13
Stock H 036 550 575 365 011 501 124 025 416 059 816 434 3388 425 286 810 242 027 66.12
Stock M 014 363 306 319 036 404 191 026 297 065 503 474 553 4698 634 809 291  0.16 53.02
Stock I 049 290 291 320 007 473 196 004 08 104 462 529 413 738 5177 663 149 049 48.23
Stock U 120 366 318 279 020 213 091 060 322 1901 433 443 406 212 135 5030 385 068 4061
oil 063 128 159 138 054 265 020 039 060 042 178 181 268 131 074 626 7541 022 24.59
Gold 082 037 080 062 046 044 066 067 729 071 187 096 158 019 147 179 082 7847 21.53
C“::::’I':::““ 1264 8833  82.60 75.02 810  84.54 3664 776 4158 23.90 5322 4212 79.83 3092 3483 102.65 2797  10.00 47.32%
Net Total

contribution/ -14.19 1475 1018  4.15 -11.03 1323 -1278 -5.64 -1592 -1321 -4.62 -601 1371 -13.00 -13.40 62.04 338  -11.53 spillover

(receive) index
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Table 4.5: Spillover table phase 3 (28.05.2018 — 30.03.2022): Total spillover index = 53.46%

25

From (j)

To@) CDSJ CDSC CDSK CDST CDSH CDSM CDSI CDS U Stock J Stock C Stock K Stock T Stock H Stock M Stock I Stock U Oil  Gold Cr:’::;':t':::'
CDS J 7568 220 244 277 011 403 113 058 123 036 073 167 096 102 114 204 155 027 24.32
CDS C 069 2620 1536 1031  0.69 13.66 625 023 331 234 326 323 446 097 127 657 102 0.9 73.80
CDS K 061 1460 2458 1174 067 1211 569 005 409 173 445 385 360 183 112 700 18 047 75.42
CDST 107 1114 1382 2697 080 1172 692 023 336 142 331 302 273 070 144 830 240 056 73.03
CDSH 022 232 213 301 8533 179 113 028 048 064 044 043 054 040 015 028 015 028 14.67
CDS M 055 1325 1172 863 049 2307 847 018 428 199 388 432 407 173 249 795 254 041 76.03
CDST 035 907 88 750 044 1286 3560 022 254 113 282 268 356 115 203 5907 191 035 64.31
CDSU 100 151 049 117 074 111 065 8520 130 071 069 065 106 112 072 049 054 085 14.80
Stock J 049 466 514 227 019 641 228 025 3523 323 1046 420 647 201 130 1230 256 047 64.77
Stock C 019 374 295 213 0290 414 148 012 407 4456 618  3.05 1800 158 217 346 129 0.6 55.44
Stock K 028 395 48 302 013 603 261 012 877 445 3018 687 1014 450 430 714 202 067 69.82
Stock T 043 461 470 283 028 702 347 017 273 222 617 3768 530 610 442 812 298  0.77 62.32
Stock H 055 506 428 254 021 551 314 014 556 1224 1031 551 3100 421 333 480 116 043 69.00
Stock M 095 272 410 146 024 472 216 016 331 141 603 946 584 4307 565 580 200 082 56.03
Stock I 041 271 333 202 031 618 320 033 257 229 650 658 465 599 4340 607 191  0.66 56.60
Stock U 094 347 555 412 009 715 284 021 619 169 418 665 334 216 323 4275 454 091 57.25

oil 060 177 355 171 022 393 167 034 355 155 313 384 18 192 187 638 6060 144 39.40

Gold 060 019 029 022 030 141 052 067 040 124 102 128 095 154 087 L1l 085  86.54 13.46

C"t"’:"‘:l’l':::“" 1001 8704 9354 6835 627 10078 5350 420 5771 4061 7356 6727 7751 3894 3849 9386 3125  10.16 53.46%
Net Total
coutribution/ -1431 1324 1812 467 -840 3285 1071 -1051 706 -1483 374 495 852 1709 1811 3661 -815  -3.30 spillover

(receive) index
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CHAPTER S
CONCLUSIONS AND RECOMMENDATIONS

Considering that the global financial system is highly interconnected and
interdependent in which different asset markets are closely linked together. As well as
the sovereign CDS market that has been expanding ever since 2008 global financial
crisis, it is interesting to understand how sovereign CDS market links to main financial
market of stock market and commodity market in term of spillover. By understanding
this connectedness, it will benefit for the investors to apply in their investment strategies
of asset allocation and risk management in different situations.

The scope of this paper specifically studies on the interconnection among
sovereign CDS, Stock market and commodity market by focusing on some countries in
Asia since past literatures were focus in more advanced economies in Europe and
America but very limited in Asia to combine all these three markets altogether as a
single system. The following insights are obtained during our study.

First, the stock market of U.S. dominates over stock market and sovereign
CDS market in other countries and commodity market in every phase while stock
market of developed countries like Japan and South Korea holds less contribution to
the system but instead influence from advance economies of Hong Kong stock market.

Second, the main contributor in sovereign CDS are major Asian countries;
China, South Korea and Malaysia as exception in which most contribution remain
within sovereign CDS market. Interestingly, Japan sovereign CDS remains as large net
receiver similar to Japan stock market. Moreover, the countries with large contribution
in sovereign CDS market conversely has limited contribution in stock market. Gold
market is the least contributor from commodity market. In term of commodity markets,
they have higher influence in stock market compared to Sovereign CDS while stock
market gives more contribution to changes of sovereign CDS compared to the return of
commodity markets. While sovereign CDS holds larger influence to stock market
relative to commodity market.

Finally, the spillover index of the sovereign CDS-stock market-commaodity

market system varied through time as influenced by the major economic events during
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the certain periods. Despite the fact that stock market dominates the system in every
phase for U.S., the sovereign CDS and commodity market particularly contribute to the
system during phase 3 for sovereign CDS and phase 1 for commodity market.

These findings are potentially useful to individual investors and financial
institutions to appropriately manage risk of their portfolio with various asset allocation

in different kinds of situations including financial crisis.
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APPENDIX A

Figures and Tables

Figure A.1
Total spillover index (120-day rolling windows, 10-step Horizon)
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Figure A.2

Total spillover index (120-day rolling windows, 15-step Horizon)
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Figure A.3

Total spillover index (200-day rolling windows, 15-step Horizon)
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