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Abstract

This study examines the sensitivity of sovereign CDS markets in G7 and BRICS,
which is conditional on a joint market basket risk scenario consisting of crude olil,
gold, stock indices, exchange rates, freight indices, and copper prices. By compare the
conditional and unconditional sovereign CDS returns using dynamic Vine-Copula
model, we find that: 1) The conditional sovereign CDS returns will be less than
(greater than) the unconditional ones, when scenario settings is at upper (lower)
quantile level. Extreme scenario risk level settings (e.g., % or 99%) do not always
make a significant difference between conditional and uricor.litional sovereign CDS.
2) Major black swan evens have significant impact on he difference between the
conditional and unconditional sovereign CDS, 't cuch an impact is short-lived
especially in G7 countries. 3) Taking into account of the covariate effects, the
conditional risk scenarios of sovereign C™s are heterogeneous across countries,

down- and up-ward tail as well risk fzcto s associated with the market basket.

Keywords: Sovereign CDS; Risk <cenario; BRICS countries; G7 countries; Dynamic

Vine-Copula

1. Introduction

Entering the new n illennium, black swan events such as the global financial
crisis (2007 - 2008) (:5FC), the European debt crisis (2008 — 2012), and the ongoing
COVID-19 pandemic have led to economic recession, causing investors to doubt
about a country’s ability to repay its sovereign debt (Broto and Quirés, 2015; Giindiiz
and Kaya, 2014; Jeanneret, 2018; Ters and Urban, 2018). Sovereign credit default
swaps (CDS) serving as a financial derivative that not only hedges debt risk for
investors®, but also providing an indication of a country’s sovereign creditworthiness

through the spreads, have attracted a lot of attention. The rapid development of

! The aim of sovereign CDS is to insure the sovereign bonds buyer against the default of government bond. The
higher the risk of default, the larger the CDS spread.
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sovereign CDS markets spurred by recent financial crises and the demand for credit
protection has fueled much uncertainty and speculation on the likelihood of other
sovereign defaults (Kim et al., 2015). Considering the significant role it plays in
global market risk management, this paper studies the behaviour of sovereign CDS
spreads under different market basket risk scenarios.

The extant studies of sovereign CDS are focused on examining risk drivers from
the perspectives of pricing and portfolio risk management (Niu et al., 2020).
Numerous previous pairwise studies have firmly demonstr=*ea ~on-linear relationship
between sovereign CDS markets and various risk drivzars ~uch as commodity markets
(Bouri et al., 2017; Chuffart and Hooper, 2019; Mai,ar et al., 2020; Shahzad et al.,
2017), foreign exchange market (Feng et al., 2021), ctock markets (Chau et al., 2018;
Wang et al., 2013) and macroeconomic vi.n.nles (Apergis et al., 2016; Blommestein
et al., 2016; Lahiani et al., 2016; L* ar.d Fu, 2017; Peat et al., 2015). There is no
denying the fact that sovereign CL S spreads are associated to market risk which is
determined by different risk riv~"s as mentioned above. However, none one of
these risk drivers can act a. a proxy for a country’s risk. Hence, the pairwise studies
cannot fully reveal how ~e behaviour of sovereign CDS. Bao et al. (2020) point out
that one needs 10 .~ruay the joint risk of different risk drivers simultaneously to
understand the relationship between sovereign CDS and market risk.

In addition, the typical risk drivers of sovereign CDS, such as oil, foreign
exchange, and gold, are highly intertwined with each other (Dai et al., 2020, Ji et al.,
2020). Different risk drivers can also interact with each other which may mislead
investors to either overestimate or underestimate the response of sovereign CDS
under risk stress. Hence a better way to understand the behaviour of sovereign CDS is

to consider all possible factors that goes on in the functioning of a country's economy



and to model sovereign debt risk accordingly. This motivates us to create a market
basket of crude oil, gold, stock indices, exchange rates, freight indices, and copper
prices, which enables us to combine the various potential risk drivers to examine
sovereign CDS behaviour. In order to examine the sensitivity of the sovereign CDS
markets to the change of the market basket, we measure and compare the difference
between the sovereign CDS spreads which are conditional on the market basket
scenario settings and the unconditional sovereign CDS without the risk scenarios.
Furthermore, market basket risk scenario modellin ~ou!1 provide risk insights
for portfolio construction of sovereign CDS (Consign> et al., 2018). The main
participants in sovereign CDS are the large finar-ia: institutions which place great
value on asset portfolio construction and syster.ic isk within multi-asset portfolios
(Wang et al., 2021). A market basket ris!: s-erario setting can help sovereign CDS
investors make better asset portfolic: drcisions in the event of a major black swan
outbreak (Li et al., 2021). This s.'dy executes risk scenarios analysis at different
levels of risk using a D-Vine ¢ .la model which allows for dynamic parameters.
The dynamic copula fac. ities us to observe and analyses the performance of
sovereign CDS under Ay >r.nt market basket risk scenarios in a dynamic manner.

Our researcn Is "o based on multiple pairwise empirical studies. We use oil, gold,
copper, stock index, USDX and BDI to construct a market basket risk scenario that
comprehensively reflects the macro and micro economic environments. We can
control and simulate the risk level of this risk scenario, and observe the performance
of conditional sovereign CDS in risk situations. The contribution of this study is
three-fold. First, our study framework advances previous pair-wise studies (Wang et
al., 2020; Yang et al., 2018; Sun et al., 2020) to reveal the behaviour of sovereign

CDS which is conditional on a basket of market risk drivers. This will facilitate



investors’ risk management of multi-asset portfolios which are consisted of sovereign
CDS, commodities and other assets. Secondly, we construct the risk scenarios in both
of static and dynamic perspective considering different economic conditions i.e.,
boom and bust. This reflects on the changing characteristics of sovereign CDS in
different risk scenarios. Thirdly, we establish market basket risk scenario setting to
mimic the real-world market risks to examine the behaviour of sovereign CDS in a
systemic way. This helps to reveal the heterogeneity in the behaviour of sovereign
CDS in respect of country differences between G7 and 2RiCS markets, impact of
different sources of risk taking into account of *ie -ovariates effect, and the
stressfulness to upward and downward economic *is,: The knowledge gained about
the sovereign CDS behaviour through risk scenar.» simulation extend and enrich
previous simple co-movement pairwise an:ly. i

The remainder is organised as ‘olluws: Section 2 introduces the methodology
framework. Section 3 describes the ~election of data. Section 4 presents the empirical

results, and Section 5 conclud~- tt.» study.

2. Methodolcy,

In order to observe the behaviour of sovereign CDS in different market basket risk
scenarios, we first model individual dynamic marginal distributions for each
sovereign CDS and its associated risk factors. Secondly, the dynamic D-Vine-Copula
is used to construct a dynamic joint distribution of the sovereign CDS and these risk
factors. Finally, we build market basket risk scenarios settings based on the joint
distributions. Each market basket risk scenario includes sovereign CDS (variable 1),

oil (variable 2), gold (variable 3), USDX (variable 4), stock index (variable 5), Baltic



Dry Index (BDI) (variable 6), and copper (variable 7), whereby we code these

variables from “1” to “7”, respectively.

2.1. The marginal distribution

The marginal distribution of each market is characterised by an ARMA
(1,1)-GARCH (1,1) model?, given by:
=1+l +08,+4
g =¢0,,& ~14.d(0,1) )
ol =a,+agl, + Bo, (3)
For the choice of standardised innovation ¢ we chcose the skewed-student’s t (sstd)
distribution which is known for capturing t ¢ ac ymmetry of financial returns, whose
density f (&) is

2

f(§) = (RAOH () + L4 H ()

r¢thy @
()= —2—(L+—) 2

wzF(%) Bv

where Ais a sko>wi.ass parameter, and A —1the f(&) is symmetric, H(&) is
Heaviside function. Based on the ARMA-GARCH-sstd process, we calculate the

probability integral transform (PIT) of r, by:

o =FEhy = F )

of

where F is the cumulative distribution function of skew student’s t distribution, and

u, denotes the pseudo observation of r,.

2 The optimal lags for the ARMA-GARCH are chosen based on two criterion: 1) no autocorrelation to be retained
in the residuals, 2) the observations after the probabilistic integral transformation follows or close to  0-1 uniform
distribution. We show and discuss our results further in section 4.1.
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2.2. The joint distribution of sovereign CDS and other markets

The main empirical process of our paper is to simulate a multi-market joint risk
scenario and to observe the performance of sovereign CDS in it. It is therefore of
utmost importance to be able to simulate high-dimensional multivariate joint
distributions. In this regard, the Vine-Copula approach is well suited to constructing
high-dimensional multivariate distributions. This function is frequently applied in

multivariate return and risk analysis management (Dai et ai.. 2020; Yang et al., 2018).

Let leD and D, 2 D\{l}, then

6Ci,||D,I (Fi|Dfl(Xi | Xp, )1V;0i,I|D7| )|
ov

= h(FnD,l(Xi | Xp,, ), FIIDfl(X' | Xo, )

FilD (Xi | XD) =

v=Fp_, "ix ) (6)

Using PIT of Eqg.(5) and returns <er’es of sovereign CDS, oil, gold, USDX, stock
index, Baltic Dry Index (BDi,, and copper prices, we could obtain the

F

2t

F

3.t

F

4t

F

5.t?

F

quasi-observation of these series, dat is, F -

” and F,,
respectively. Following Na. et al. (2020), Kraus and Czado (2017) and Liu et al.

(2021), we compute .o uynamic copula parametersé,,, 6,,,, 6y, O,5,, b5, and

6,

... Of the first layer of the tree for the dynamic D-vine copula using the maximum

likelihood estimation. Then we calculate the dynamic conditional quasi-observation
using Eq. (6) as:

Fpor =1(F 0 B O00) Fapy = 1(Fs By 3 005), Fopy = A, By 003,
Fage =(F B0 05), Faay = (Fo By 63 oy = (R By O35,
Fase =1(Fy 0 B3 Oise)s Fope = A(Fs 0 Fs 3060 )s Fas = AR Fo i Gs0),
|:7|6’t =R F )

(")

These conditional quasi-observations help us to compute the second-level tree



structure of the dynamic vine-copula and to obtain the pairwise copula specification

and dynamic parameters 6., G,y Guis Oigs» AN 6, . Before calculating the

higher-level tree structure, we need to calculate the following conditional

pseudo-observations:

Fuzs,t =h( Fﬂz,t , F3|2,t 1Ol F4|23,t =h( F4|3,t ) F2|3,t s Orar):
Fopa s =1(Fag Fag s Ooaa) Fopa s =A(Foa s Pyt Gasa)s
Fass =1(Faa 1 Foats Osae)s Foas =1 (Fes 1) Fas 5 Guesr):
F4|56,t =h( F4|5,t , F6|5,t  Ouest): F7|56,t =h( F7|6,t , F5|6,t  Osz161)-

(8)

Note that the dependency structure between obsc-va‘ions is most likely to
become less tight as one moves into the higher levei. of the tree structure, as the main
dependencies between sovereign CDS and other ma. “ets are inscribed in the first two
levels of the tree structure. The use of a t*'Incaed structure of the vine-copula allows
the model to be simplified without 1L~s of precision (Brechmann and Joe, 2015).
Following (Brechmann and Joe (?2."%), we use a dynamic pairwise Gaussian Copula

to inscribe the two-two p;euln-conditional observations from the third tree level

onwards. By Eq.(8), w~ odtain the dynamic Gaussian Copula parameters 6.,
ot Osgas AN Do and the following conditional quasi-observations:

Fipzas =(Fipa s Fapa s Qaps ) Foosar =1 (Fopa s Fopa s Pospaar):

F2|345’t :h(F2|34’t' F5|34't;925|34vt)’ I:3|456,t :h(F3|45,t1 F6|45,t : 936|45,t)1 9)
F6|345,t :h( F6|45,t ) F3|45,t , 036|45,t )’ F7|456,t :h( F7|56’t , F4|56’t ’ 947‘56"[).

Similarly, dynamic Gaussian Copula parameter of the fourth layer tree, that is, 6y,
Orepass+ Oszuse - FUTET,

Fizsas =1(Fyzaatr Foaaats seass): Foroaass =(Fapas o Foaas i Ooass) (10)

F2|3456,t =h( F6|345,t ' F2|345,t ; 026|345,t)’ F7|3456,t =h( F7|456,t , F3|456,t ; 037|456,t)



We use Fypss, and Fyogs, to estimate and obtain Ggpa,s, 0 Foaase, aNd Frggse,

to obtain 6, The only two nodes in the fifth tree could be:

713456, *

. (12)

1/23456,t :h(F]J2345,t’ F6|2345,t ; 016|2345,t)’ F7|23456,t =h(|:2|3456,t’ F7|3456,t ; ‘927|3456,t) :

After getting 67,5456 BY Fipauser @Nd Fipause,» the only edge in the fifth tree or

the only node in the sixth tree is,

aCl7|23456,t (Fu23456,t , F7|23456,t ; 917|23456,t)

OF 2123456 1 (12)

Cipaser i (Ur ‘ Up s Usgs Uy Us g, Ugy, Uq ) =
=h (Fu23456,t 1 F7|23/36,1 ' (71/|23456,t)

It can be seen that by connecting the pairwise copul. thrugh the D-Vine structure,

the sovereign CDS can be expressed as a randor: v.oriable conditional on the market

basket of crude oil, gold, USDX, equity indiccs, Bul, and copper prices. Figure 1

shows the structure of the D-Vine-Cop tla and illustrates the risk scenarios we

construct using the market basket to 11.".1ence the sovereign CDS.

O = Q@@@@@

Scenano simulation contains 6 important markets in different status

sovereign CDS

C12 C.3 C34 C45 C56 Co7
@ _@ Q- @ . . . . ._ —. .——. o Tree 1
C13|2 C24|3 C35/4 C46|5 C57|6
C14)23 C25|34 C36[45 C36|45
C15)234 C26|345 C37/456
Tree 4
C16]2345 C27|3456

Namssss

In Tree 6, we construct a random variate whereby sovereign CDS is conditional on

other six markets.

Figure 1. D-vine topology of Sovereign CDS vs. market basket
Note: Character “1” to “7” denotes sovereign CDS market, oil market, gold market, USDX index, stock
index, Baltic Dry Index (BDI), and copper market respectively. The primary objective of the study is to
examine how sovereign CDS spreads would be under pressure in different market basket risk scenarios.
To do this, we construct a conditional random variable to represent sovereign CDS spreads conditional
on the market basket. Note that we cannot assign the order of the variables freely in D-vine copula. We
must place the sovereign CDS market, which is the dependent variable, in the first or seventh order.
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The coloured edges represent the different dynamic pairwise Copula functions connecting the different
nodes.

Recalling Eq.(6) and Figure 1, we also need to set 21 pairwise copula in each
D-Vine-Copula, from C12 to C17|23456. Following Dai et al. (2020), and Ji et al.
(2019), this study employs the dynamic copula model to allow the parameters in the
bivariate copula functions to evolve according to an ARMA-type process. To depict
various tail dependences, the time-varying parameter copula family includes the
time-varying parameter Normal (TVP-N) copula, time-var iny parameter Student’s t
(TVP-T) copula, time-varying parameter Gumbel “1v?-G) copula, time-varying
parameter Clayton (TVP-C) copula, and time-v~ry.ng parameter SJC (TVP-SJC)
copula. In line with the extant literature, this st'.dy ~elects the optimal time-varying
parameter copula model through Akaike I'ifu " ation criterion (AIC). For TVP-N and

TVP-T copulas, the evolution proces. oc.urs this way:
13 t—i |
P :A(a)+aptl+ﬁaz‘ul 1 ,‘ (13)
i=1

where A(x):(l—e’x)(lﬂ-e' N1 ojs the transform function that keeps the

time-varying parameter .=!ues of p, within (-1,1). The details of other pairwise

time-varying copula “inctions and transform functions can be seen in Dai et al. (2020),

Jietal. (2019), Kumar et al. (2019) and Liu et al. (2017).

2.3. The construction of conditional sovereign CDS

The key to the methodology of this study is to construct various market basket
risk scenarios in order to examine sovereign CDS at different risk level. In the
previous sub-section, we describe how to construct a dynamic joint distribution of

seven variables using D-Vine-Copula. In this sub-section, we will further illustrate

10



how to model risk scenarios. Developing from Kraus &Czado (2017), we use the
conditional quantile of sovereign CDS spread to characterise the behaviour of
sovereign CDS in different risk scenarios and begin with the following definitions:

1). «a,, :thequantile level of the sovereign CDS at moment t.

2). r5=F(a,) :asovereign CDS spread at a,, Qquantile level at moment t.

3). Fipassers (X | %,,..., %) - conditional distribution of sovereign CDS returns which is
conditional on the market basket at moment t. The meanii.”- of “1” to “7” is at the

beginning of section 2.

4). Opaser, - N the scenario whereby the returns ~f crude oil, gold, USDX;, stock

index, BDI, and copper are at certain quantile «eve!, the returns of the conditional
sovereign CDS is in the oy, quar-ile position of F . (X [%,,...,x,) that
equals to the returns of the unconditior. ! sovereign CDS in the «,, quantile position
of Fi{(ay,) without consideriio n X scenario, that is,

-1 -1
F1|234567,t (au234567,t | Xgeees X7) - (al,t) (14)

The unconditional sovereigy CDS spread is the sovereign CDS spread distribution

without considering *he market basket, we use the «,, to describe the quantile of

unconditional sovereign CDS spread. The conditional sovereign CDS spread is the
sovereign CDS spread distribution condition on market basket risk scenarios settings.

We use the a5, to describe the quantile of conditional sovereign CDS spread.

Our risk scenario analysis focuses on the comparison of static or dynamic values of

Kyjo3a567,t 1 and 277
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For presentation purposes, we abbreviate  7i(Fyaus Feoaass Agpassy) 10
P63a5.1 (Fipaas o Fepass) @nd expand the expressions for the sovereign CDS market
conditional on the market basket of crude oil, gold, USDX, stock index, BDI and
copper.

Fl|234567 t (Xl,t ‘ Xot0 X3ts Xt X5 s Xg 1 X7,t) = Cu234567,t (ul,t ‘ Uzt Ust Ug s Us gy Ugys u7,t)

17|23456, (F]J23456,t ! I:7|23456,t)
17|23456,t (h16|2345,t (Fl]2345,t ! I:6|2345,t )’ I:7|23456,t)

h

h
= hl7|23456,t (h16|2345,t (h15|234,t(|:l|234,t’ F5|234,t)’ F6|2345,t)1 F7|23456,t)

hl7|23456 t (h16|2345t(h15|234t(h14|23t(|:1|23t’ F4|23t)’ F5|234t) n€;2345,t)’ I:7|23456,t)
h

17)23456.¢ (h16|2345 t (h15|234 t (h14|23 t (h13|2 t (huz (Upe,Up) F S ) C4|23,t)' F5|234,t ), I:6|2345,t ) F7|23456,t)
(15)

Using the rules of inverse function arithmetic, we define #(U,v)=a and

h ' (a,v) =u. We apply the inverse function to E. (13) as

o = hl7|23456t(h16|2345t(h15|2341(h14|231 (i (P (Un o0, Y, ':3|2,t)’ F4|23,t)’ F5|234,t)’ F6|2345,t)’ F7\23456,t)
17|234561( |23456t) h16|2345t(h15\234 NV (huz,1(u1,t' Uz0), F3|2,t)’ F4|23,t)’ F5|234,t)' F6|2345,t)
= h16|23451(hl7|234561( |23456 o) F6|2345t) =" 234y (hl4|23,l(hl3|2,t (huz,t (Uy g Uzy), F3|2,t)’ F4|23,t)’ F5|234,t)
= h15|234t(h16|2345t(h17|23456 (a F 7|23456 t )1 “\|2345,t)’ F5|234,t) =Ny, (h13|2,t (huz,t (U, Ugy)s F3|2,t)’ F4|23,t)

14|23t(h15|234t(h16|2345t(h17\23456t((“t’ '_‘7|' 3456’()7 F6|2345t)’ F5|234t)’ I:4|23t) = h13\21(hu2t(u1t’u2 t)' F3|2 t)

13\2 t (h14|23t(h15|234 ¢ (h16\2345 N izaasot (% Frpasse 1)y Fepaas ) Fapaar)s Faae ) Fao) = T (U, Uyy)
= h]JZt(hB\Zt(h14\23t(h15|234t 1b‘ 45t(h17|23456t(at' I:7|23456,t)’ F6|2345,t)’ I:5|234,t)’ F4|23,t)’ F3|2,t)’ u2,t) =Uy ¢ = Oypgaser
(16)

The Fj 66, i EQ. (16) represents the conditional quantile of the copper
market conditional on the rest of the market basket i.e. crude oil, gold, USDX, equity
indices and BDI markets. By iterating through Eq. (7) to (11), F,,,s6, IS the quantile
in which copper market is located and  Fp3056, = f (Uy,,Us s Uy s Us i, Ug, ) - Similar for

Fyos:r and Fy, . Now we can write the conditional & quantile of

F6|2345,t 1 F5|234,t 1

the CDS market as a function with regards to the quantiles of the other six markets by

12



Eg. (16) (and also from Eq. (7) to (11)) as
Xyppzasert = f (@ Uy Uggo Uy Us e Ug Uy ) (7)

To construct a market basket risk scenario demonstrating how sovereign CDS are

subject to market risk, we first set a particular price level
B. =B, Bois Buvs By Bsvs By} B €[0,1] for oil, gold, USDX, stock indices, BDI

and copper quantile at any point in timet. For example, let «,,=5% and

B, ={4%, 6%, 1%, 8%, 10%, 3%} , then repssents: in the scenario

Q34567 1
whereby the market prices of crude oil, gold, USDX, enu.* ‘ndices, BDI and copper
are at their 4%, 6%, 1%, 8%, 10% and 3% returns ¢ 1anuie, the conditional sovereign

CDS is in the ay,,.,, quantile position o. the conditional sovereign CDS

distribution that equals to the unconditini =4 <overeign CDS in the 5% quantile
position of the unconditional sover.ign CDS distribution without considering risk

scenario, that is,

F1|-§34567,t (%4234567,1 | in1 (4%), F?71(6' ), I:471 (1%): F571 (8%), inl (10%)):F1,7tl (5%) (18)
By setting up a marke. hasket yield level scenario f,, we can clearly show how

the upper or lower tun 21 a sovereign CDS changes (or time-varying) according to

scenario stress spillov »r

S, = R (paaser) — Fir (e4y) (19)
S, shows the difference between the quantile of sovereign CDS with scenario stress
transmission and the quantile of sovereign CDS without scenario setting. We use the
difference between sovereign CDS in risk scenarios (conditional CDS) and sovereign
CDS without themarket basket risk scenarios settings (unconditional CDS) to reflect

the impact of different risk scenarios on sovereign CDS, which is different from

13



traditional spillover index (Wang et al., 2019). The specific details of the calculation

for can be found in Kraus and Czado (2017) and Dai et al. (2020).

Xyp234567 1

3. Data

The data selection is presented in Table 1. In total, there are eleven G7 and BRICS
countries are chosen for this study.® Considering the liquidity and trading volume,
this study takes the sovereign CDS spreads for the five-yoar maturity contract to
represent the sovereign CDS markets (Kim et al., 2C1c: | upez-Espinosa et al., 2017).
The Baltic Dry Index (BDI) as is used a proxy ar ylobal economic levels. It is a
daily data, which can be frequency matche” to other data and reflects global trade
prosperity (Deeney et al., 2015). St.cke are a barometer of the economy and a risk
driver for CDS (David-Pur et al., 20.7 Grammatikos and Vermeulen, 2012; Sun et al.,
2020). We select the stock ‘naiwcss of each of the 11 countries as a proxy for the
domestic economy. Qil. go.™ and copper as important commodities which are widely
considered as thr de.~rrining markets for sovereign CDS. We convert the original

price series into a logarithmic return to process the modelling.

Table 1
Data selection

Markets Specification Timespan Source

% Canada was not included in this study due to the availability of Canada sovereign CDS data. The quality of
India’s sovereign CDS is less satisfactory due to relative short timespan available. But we nonetheless select
India’s data to provide insight to investors of the India’s sovereign CDS. Some studies of G7 and BRICS sovereign
CDS, Sun et al. (2020) and Wang et al. (2020) exclude data for India and Canada. Yang et al. (2018) use a
combined sovereign CDS index for BRICS and G7.
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Sovereign CDS
Brazil sovereign CDS

Russia sovereign CDS

India sovereign CDS

China sovereign CDS

South

sovereign CDS
US sovereign CDS

Africa

Japan sovereign CDS
UK sovereign CDS
Germany
CDS
France sovereign CDS

sovereign

Italy sovereign CDS

Stock index
Brazil

Russia
India

China

South Africa

us

Japan

UK

Germany

France

Italy

Determining markets
Oil

Gold

Foreign Exchange

BRAZIL, REPUBLIC OF SNR
CR145Y $

GOVT OF RUSSIA SNR CR14 5Y
$

REPUBLIC OF INDIA SNR CR14
5Y$

PEOPLES REP OF CHINA SNR
CR145Y $

REP OF SOUTH AFRICA SNR
CR145Y $

USA (GOVERNMENT) SNR CR
5Y $

JAPAN SNR CR 5Y $

UK AND NI SNR CR5Y E
FEDERAL REP GERMANY SNR
CR5Y $

FRANCE (GOVERNMENT)
CR5Y $

REPUBLIC OF ITAI' Y !NR CR 5Y
$

5NR

Bovespa index

RUSSIA 1. INDEX
S&P Bo (SENSEX) 30
SENS.TIVE

SIS

. TSE/JSE SA LISTED PROPERTY
S&P 500

NIKKEI 225

FTSE 100

DAX 30 PERFORMANCE
FRANCE CAC 40

FTSE ITALIA ALL SHARE

ICE Brent oil futures c1

Gold spot price

US Dollar Index
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2007/12/18-2021/06/24

2008/10/09-2021/06/24

2015/03/26-2021/06/24

2008/01/04-2021/06/24

2008/10/09-2021/06/24

2008;.” 7/21-2021/06/24

2NNy, 02129-2021/06/24

200f/11/06-2021/06/24

2007/12/21-2021/06/24

2008/07/21-2021/06/24

2007/12/14-2021/06/24

2000/06/23-2021/06/24

2000/06/23-2021/06/24
2000/06/23-2021/06/24

2000/06/23-2021/06/24

2000/06/23-2021/06/24
2000/06/23-2021/06/24
2000/06/23-2021/06/24
2000/06/23-2021/06/24
2000/06/23-2021/06/24
2000/06/23-2021/06/24
2002/12/31-2021/06/24

2000/06/23-2021/06/24
2000/06/23-2021/06/24

2000/06/23-2021/06/24

Datastream

Datastream

Datastream

Datastream

Datastream

Datastream

Datastream
Datastream
Datastream

Datastream

Datastream

Yahoo
Finance
Datastream
Datastream

Yahoo
Finance
Datastream
Datastream
Datastream
Datastream
Datastream
Datastream
Datastream

Datastream
World
Gold
Council
Yahoo



Finance
Industry Metal US NYMEX COPPER futures c1 2000/06/23-2021/06/24 Datastream
World Freight Index Baltic Dry Index 2000/06/23-2021/06/24 Datastream

4. Empirical results

4.1 Results of marginal distribution and dynamic D-vine copula model

The key step in constructing a dynamic D-Vine-Copu'a is to model dynamic
marginal distributions and PITs for sovereign CDS, <t.de dil, gold, foreign exchange
(USDX), stock index, world freight index (BDi, anc copper, in such a way that the
PIT results should follow a uniform distrik *.0r. In addition, the main parameter of
the SSTD in Eq.(2) is its skewness ¢ yeff.cient, and we further focus on the modelling
of the marginal distributions of the 7 variables listed in Table 1.

As described in sub-secticn 2.1, this study constructs conditional marginal
distribution of ARMA-GA™CH-sstd. The diagnostic tests for marginal distribution are
given from Table 2. \"ror the results, the skewness coefficients of these variables are
reasonably small. In addition, autocorrelation has been largely removed in the
residuals of all variables after the marginal distribution fitting. This ensures the
plausibility of the ARMA (1,1)-GARCH (1,1) model. Most importantly, the
probability-integral transformed pseudo-observations follow a uniform distribution,
again, indicating that ARMA (1,1)-GARCH (1,1)-sskt adequately depicts the marginal

distributions of the variables and satisfies the conditions for further construction of the
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D-Vine-Copula.

Table 2
The marginal distribution diagnostic test under A’2M,*.(1,1)-GARCH (1,1)-sstd
Markets CDS Stock index
Skew. Res. PIT N Skew. Res. PIT
Brazil 1.04(0.02)°  0.19(0.67) 1.07,0.73)  0.94(0.02)°  3.27(0.07)°  0.07(0.80)
Russia 1.03(0.02)°  11.09(0.0)*  0.0v0.44)  0.94(0.02)"  2.88(0.09)  0.07(0.77)
India 0.99(0.02)"  34.21(0.0)®> " 20(0.00)*  0.90(0.03)°  6.76(0.01)*  0.10(0.32)
China 1.05(0.02)°  1.95(0.16,* v.09(0.44)  0.95(0.02)°  0.63(0.43)  0.08(0.58)
S.Africa  1.03(0.02)° 547("02)  0.08(0.59)  0.98(0.02)"  2.3(0.13) 0.11(0.19)
us 1.00(0.01)*  14.+8(0.,*  0.13(0.07)°  0.82(0.02)  11.65(0.0)®°  0.06(0.85)
Japan 0.98(0.02)°  0.0¢’0./7)  0.14(0.06)°  0.95(0.02)°  0.93(0.34)  0.06(0.81)
UK 0.96(0.01)®  8u.23(0.0)*  0.17(0.01)*  0.88(0.02)°  2.14(0.14)  0.11(0.21)
Germany  0.99(0./"\%  £18(0.00)*® 0.21(0.00)®>  0.90(0.02)°  4.09(0.04)®  0.08(0.57)
France 0.96(0.01)®  22.56(0.0)®  0.13(0.08)°  0.88(0.02)°  2.28(0.13)  0.09(0.46)
Italy 1.00(0.02)°  8.6(0.00)*  0.10(0.33)  0.87(0.02)"  1.6(0.21) 0.09(0.39)
Skew. Res. PIT
oil 0.90(0.02)° 1.76(0.18)  0.09(0.38)
Gold 0.99(0.02)°  0.15(0.69)  0.11(0.16)
USDX 1.02(0.02)°  1.17(0.27)  0.12(0.09)°
BDI 1.05(0.02)®  44.68(0.0)*  0.07(0.60)
Copper 0.97(0.02)°  0.00(0.94)  0.04(0.97)

Note: Values in brackets are the p-value of the statistics. The superscripts “a”, “b” and “c” indicate less

than 1% significance level, less than 5% significance level and less than 10% significance level
respectively. “Skew.” stands for skew coefficient in ARMA-GARCH-sskt. “Res.” refers to the
autocorrelation test of the ARMA-GARCH-sskt filtered residuals, the higher the p-value the weaker the

autocorrelation. The larger the p-value, the more the assumption that the “pseudo-observations” are
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uniformly distributed is accepted.

We construct 11 different dynamic D-Vine-Copula model for the G7 and BRICS
countries. For demonstration purpose, we present the results for the USA’s
D-Vine-Copula, where it can be found that the pairwise dynamic parameters are
significant for all six levels of the tree structure as shown in Table 3. It suggests that
the dependence structure between sovereign CDS and *he other six variables is
dynamic in nature. However, in the third level of the ti=e s ructure, the parameters
driving the dynamics of the Gaussian Copula are roat s.ynificant and show a certain
static nature. We use the same approach to constru.* tne D-Vine-Copula model for the

other 10 countries.

Table 3
The estimation results of D-Vin ¢ ula in USA sovereign CDS, oil, gold, S&P 500,
USDX, BDI and copper.

Vine structure  Pairwise Cop'.a w a £ 14

TREE 1

1-2 TVP-T 0.00(0.00)*  1.95(0.00)*  0.01(0.00)* 118.84(361)
2-3 T\-T 0.24(0.06)*  -0.41(5.38) 0.46(0.17)*  15.69(22.55)
34 TVP-T -0.01(0.00)*  1.99(0.01)*  0.05(0.00)* 10.91(5.02)*
4-5 TVP-T -0.01(0.00)*  1.93(0.00)*  0.09(0.00)* 9.1(2.71)®
5-6 TVP-T 0.01(0.00)*  -1.82(0.07)*  0.19(0.03)*  84.91(298)
TREE 2

1312 TVP-T -0.01(0.00)*  1.01(1.10) 0.05(0.00)*  101.59(326)
24|3 TVP-T -0.51(0.01)*  -1.29(0.17)°  0.49(0.01)* 10.88(4.88)°
3514 TVP-T -0.01(0.00)*  1.81(0.01)*  0.04(0.00)* 11.06(5.49)°
46|5 TVP-T -0.05(0.00)*  -1.68(0.06) -0.24(0.02)* 24.39(116.18)
576 TVP-T -0.01(0.00)*  2.05(0.00)*  0.04(0.00)* 19.57(50.27)
TREE 3

14J23 TVP-N 0.08(0.00)*  -0.96(1.78) 0.11(0.01)*

25|34 TVP-N 0.29(0.09)*  0.91(1.30) 0.2(0.03)¢

36/45 TVP-N 0.01(0.00)*  1.35(1.45) 0.05(0.01)%
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47/56 TVP-N -0.69(0.04)*  -1.36(0.73)  0.38(0.02)°

TREE 4

15[234 TVP-N -0.13(0.01)*  -0.46(3.32)  -0.09(0.01)%
26/345 TVP-N 0.07(0.00)*  -1.27(0.24)*  -0.46(0.03)*
37/456 TVP-N 0.26(0.05)*  0.18(2.59)  0.42(0.11)*
TREE 5

16[2345 TVP-N -0.01(0.00)*  0.97(1.16)  0.04(0.00)
27|3456 TVP-N 0.00(0.00)*  -0.53(25.37)  -0.02(0.02)°
TREE 6

17|23456 TVP-N 0.00(0.00)*  1.84(0.03)*  -0.01(0.00)°

Note: We use AIC to choose the best fitted dynamic pairwise copula in Tree 1 and Tree 2. Numbers in
brackets indicate standard errors. The superscripts “a”, “b” and “c” inc. ate less than 1% significance
level, less than 5% significance level and less than 10% significarce 1. vel respectively. In the vine
structure, index “1” to “7” stand for Sovereign CDS, oil, gold, "'SiL A, stock index, BDI, Copper
respectively.

4.2 Sovereign CDS markets behaviot'. ur Jder risk scenarios.

Using the dynamic D-Vine .>nu.a model with seven variables constructed for
each of the eleven BRICS arut G/ countries in the previous sub-section, we are able to
simulate the behaviour ¥ scvereign CDS in these countries under different risk
scenarios. We first ©bse ve the difference between average value of unconditional

quantile of sovereio1 CDS «,, and average value of conditional quantile of
sovereign CDS  a,q,5,, IN EQ.(17) in a static perspective. Then we observe the

dynamic S, = F ! (@ypuser.) — Ry (@) 0of EQ.(19) in a dynamic perspective.

4.2.1 Static perspective

We set up 12 different risk scenarios, thatis «,, =k, B ={kk,k,kk,k} (see

sub-section 2.3 for the definitions of «, and B ) and
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k ={1%, 2.5%, 5%,10%, 15%, 20%, 80%, 85%, 90%, 95%, 97.5%,99%} in Eq.(17) and
(19). We average the calculated .., to present the overall level of o,y

and these are graphically reported in Figure 2 and Figure 3.

First, we observe the overall performance of the conditional sovereign CDS
quantile in Figure 2 in the risk scenario of economic recession (i.e., the lower tail). It
can be found that the points of the conditional sovereign CDS quantile of all countries
are on the right of the corresponding colour dotted line (un :onditional sovereign CDS
quantile), but the distance of deviation varies with the ccunti + and the quantile level.
This suggests that investors are more concerned about th2 default risk of sovereign
debt in the context of economic recession or when the financial market is bearish;
thereby causing increases in the CDS spread *‘aiue. 1he increased CDS spread value
makes the conditional CDS quantile leve, in a bear market situation higher than the
unconditional CDS quantile. This alsu hows that the market basket variables in the
risk scenario we choose indeed ave an impact on the sovereign CDS. Since we
consider an overall joint risk n.pact, not a pairwise evidence, our results extend
Agyei-Ampomah et al. (2714}, Bouri et al. (2018) and Grammatikos and Vermeulen
(2012)’s pairwise res zarch findings.

Furthermore, we observe that the higher risk level of the scenario (that is, the
quantile level is smaller), the smaller deviation degree of the conditional CDS is. It
can be seen from Figure 2 that, except for a few countries such as Russia and Brazil,
the red box points are not far away from the red dotted line. As the quantile level
increases, especially at the 20% level, the grey small round dots are further away from
the grey dotted line. This demonstrates a certain pattern exhibiting in psychological
expectations of sovereign CDS investors. When the economy is already in a steep

downturn (such as 1%, 2.5% quantile and so on), investors are not optimistic about a
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country’s sovereign debt repayment ability. At this time, investors are no longer
surprised as they have been psychologically prepared even if there is a risk spillover
from the market basket to the sovereign CDS market. Consequently, the sovereign
CDS spread will not be greatly increased. However, investors tend to be sensitive to
the changes from the market basket to sovereign debt when market conditions are in a
slight downturn (such as the 20% quantile), but not an extreme downturn. As a result,
overreactions could lead to a greatly increased in the CDS spreads. As the economy
continues to decline, CDS investors are no longer sensitive huu gradually adapt to this
situation.

In Figure 2, the degree of deviations of the seveicign CDS of Brazil, Russia, and
South Africa are significantly higher than that of ou.~r countries. It may indicate that
investors do not have as much confiderce 'n the debt repayment ability of these
countries. This finding can be attribi*ed 0 economic structure characteristics and the
instability of emerging market cou. tries (Lin and Su, 2020). Russia is known to be
highly dependent on energy e*no.* and deeply mired in many international disputes.
The deviation of the US sc.eretyn CDS is the smallest, which can be understood as in
this risk scenario, the n.~ract of the market basket on the US sovereign debt is
relatively weak.

The global financial crisis and the European sovereign debt crisis have indeed
triggered investors’ attention to the sovereign CDS market in developed countries
(Grammatikos and Vermeulen, 2012). However, we should also be aware of the
significant CDS market risk of BRICS countries, especially Russia and Brazil, based

on the position of average value of 3,5, aNd .
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Lower tail of sovereign CDS under risk scenarios
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Figure 2. Average value of conditione r,uantile of Sovereign CDS under

downward market Lias. ¢ risk scenarios.
Note: In the legend, the “Co_0.01” means *'.. co..litional 1% quantile of Sovereign CDS, that is,

a, ={1%} and B ={1%,1%,1%,1%,15. 1%} under Eq.(17). ~Same applies to “Co_0.025",
of Eq.

as the X-axis in Figure 2. The further a point of a

“Co_0.05” and so on. Using dynamic D-Vine-Copula model, we obtain the series «

1234567 ,t

(17), and then we take the average val:. of

71234567, t

certain colour is from the dotted line ~f t.= same colour, the greater the gap between average «,  and

average o

1234567t *

a, ={5%}, a, ={10%}, o, -{t.%}and o ={20%}. The definition of « can be seen in

1 1 1t 1234567t

The dashed linzs of these five colours correspond to o ={1%}, «a, ={2.5%},

sub-section 2.3.

We construct the upward risk scenario as
k ={80%, 85%,90%, 95%, 97.5%,99%} as shown in Figure 3. All the dots are

located to the left of the dashed line of the corresponding colour. As the upper tail
scenario is set at this point with a booming economy and rising market prices,
investors are not too concerned about the country’s ability to repay sovereign debt,

which naturally reduces the CDS spread. Hence it makes the average apqs67,

smaller than the average «,.
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This also confirms that there is a risk transmission to the upper tail of sovereign
CDS from the risk scenarios we have set up using the market basket. Therefore, the
information spillovers from the market basket intensify the risk exposure of most
sovereign CDS markets.

At this point, we find that as the quantile level gets larger, the closer the dots are
to the dashed line of the corresponding colour. When the market is extremely
prosperous (e.g., 99% quantile level), the spillover from the market basket to the
sovereign CDS market is not significant as the probability 2 ac fault is perceived to be
low. And when the market is less prosperous (as n the 80%-90% risk level of
market basket scenarios), there is a slight diverger~e ~f beliefs about if the economy
will continue booming in the future (Dai et al. 2021, This is when the market basket
tends to have more impact on the sovereig'i C< spreads.

Compared to other countries, 1 e 7egree of deviation in conditional sovereign
CDS is greater in Russia and Bra.:!' in a boom market basket risk scenario setting.
This reflects the fact that desp**= t.*= economy growth, investors remain divided on the
probability of default for ti:=se wo countries. This is not the observed in the US and

the UK sovereign CDS n.>* ets.
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Upper tail of sovereign CDS under risk scenarios
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Figure.3 The static average conditional or snvereign CDS under upward risk
market baske . ri.>'~ scenarios

Note: See Figure 2. Different from Figur. - we set o ={80%}, « ={85%}, a ={90%},
a, ={95%}, o« ={97.5%}and ¢ ={99%; «n risk scenarios setting.

1t 1t

4.2.2 Dynamic perspective

In this sub-caction, we present the dynamic characteristics of

* in Eq.(19) in Figures 4 and Figure 5. These figures

S, = Fl,_tl (0‘11234567,1) - Fl,_ll (al,t)
help us to discuss the economic implications of S; which measures to what extent the

risk scenario setting influence the sovereign CDS in a time-varying manner. To

facilitate the presentation, we set six different risk scenarios and the reader can refer

* 1t means the difference of spreads returns of conditional and unconditional sovereign CDS. See sub-section 2.3
for the detailed meaning of S .
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to the note of Figure 4 for the calculation process.

As it shown in Figure 4, S, in the market downturn risk scenario (k=1%, 5%

¢
and 10%) is almost always greater than 0. This could because investors expect CDS
spreads to increase during economic downturns. In the aftermath of the global
financial crisis, the S, in BRICS countries have reached a peak. In addition, almost
all BRICS sovereign CDS experienced a significant movement after the outbreak of
COVID-19. This finding extends Naifar and Shahza1 (.021) from a dynamic
perspective. Since the outbreak of COVID-19 Jarted in late 2019, the
S, = P (Aypassere) — Fiy () Of each BRICS cour.*, has enlarged temporarily.
However, the impact of COVID-1) n sovereign CDS spreads of BRICS
countries did not last for a long time .~ *ne peak of S, diminished quickly after 2020.
The difference between conditic..c! aid unconditional CDS across BRICS countries
had some peaks but all quic«ly ieverted to or close to zero. This implies that the
market basket risk scencrios settings in this study have frequent but short-lived impact
on the sovere.qi. COJS of the BRICS countries. In Figure 4, Russia’s
S, = P (Aypausere) — Fiy () has larger movements between 2014 and 2016. The
Crimean crisis and the US sanctions against Russia, as well as the impact of the shale
gas revolution on the Russian gas industry, all could have made the upper tail risk

scenario sovereign CDS larger and the lower tail risk scenario sovereign CDS smaller

during this time period.
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Figure 4. Difference of spread rc*uurns between conditional and unconditional
BRICS country scv.n..gn CDS in a dynamic perspective

Note: Dynamic S =F, '(« -F \a,,) of Eq.(19) of each BRICS country is shown here. When

1|234567 7

a=1%, Fj(anmm‘l) is tr= coriitional 1% sovereign CDS. The calculation process can be found in

section 2. We set ¢, {1.5, o« ={5%}, « ={10%} for left-tail risk scenario, and « ={90%},

o, ={9%}, a ={99%} for right-tail risk scenario.

s, of the G7 countries is shown in Figure 5: the red line is less than 0 and the

blue line is greater than 0. It suggests that the degree of variation is greater than in

the BRICS countries, especially in the G7 countries where S, is less than O for the

lower tail risk scenario and greater than O for the upper tail risk scenario for many
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time periods. It indicates that there is suspicion that G7 countries have default risk on
their sovereign debts in the boom scenarios. Evidence is more apparent with the
European G7 countries during the global financial crisis and the European debt crisis.
Our study complements the findings of Wang et al. (2020) by examining the S,
under multi-scenario settings. The UK’s departure from the European Union may also
cause significant changesto S, .

Comparing to the classical CoVaR analysis which r»vea's the movement of one
asset’s quantile conditional on another assets return- qua.utile (Ahelegbey et al., 2021;
Sun et al., 2020), S, reveals the sovereign CDS w>haviour conditional on the market

basket of multi-market rather than a single de er'ninant market.
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country ~cyvereign CDS in a dynamic perspective

Note: See Figure 4.

4.3 Market heterogeneity in risk scenarios

We examine the heterogeneity of the impact of a particular market variable in the
market basket on sovereign CDS across countries. This is significantly different from
the usual pairwise analysis mainly because the effects of covariates are considered
here. The rational is that some markets, such as gold and exchange rates, can affect

both sovereign CDS (Bouri et al., 2017; Sun et al., 2020) and crude oil (Wen et al.,

28



2020; Xiao and Wang, 2021). The market basket risk scenarios settings in this study
has taken the covariate effects into consideration.
Taking crude oil as an example. We set the following scenario to examine the

sensitivity of sovereign CDS to changes in crude oil in a downside (upside) economic

risk scenario by setting a,=5% ( a,=9%% ) and
B ={x,50%, 50%, 50%, 50%, 50%} .° 50% defines that the other markets are at a

base market status. Let X change from 0 to 1 continucusly, for each value of X,

we calculate the average Therefore, we coul1 ge: many pairs of x and

Qyjo34567 1 *

the average of We are then able to obtain : cu..e with X on the horizontal

Q234567 1 *

axis and the average of ¢ ,,,..,, ON the vertical a.is. The same process is applied to

gold, BDI, USDX, stock index and copper fu* el.ven countries.

When ¢, =5% (in a risk sceaariy setting whereby sovereign CDS is at 5%

quantile, see sub-section 2.3), we 1.nd that the sovereign CDS is highly sensitive to
the USDX and country’s equ.’ in.?ex. In particular, there is a huge rise in sovereign
CDS spread when the equi.’ inuex in the risk scenario lies in the small quantile. This
does not hold with othey -ariables such as oil. The empirical results evidence that
sovereign CDS is scnsiuive to stock market which is often used as barometer of the
economy. This can be explained by the fact that high USDX is often associated with a
declined economy, thus leads sovereign CDS spreads to rise.

Figure 7 demonstrates the heterogeneity in sensitivity to different market risk

scenarios in the upper tail of sovereign CDS («,, =95% ). The upper tail of sovereign

CDS is only sensitive to stock indices. Looking at the slope of the dark blue line (gold)

5 As described in sub-section 2.2, the variable code for crude oil is “2”, that is the first element position in ,BI.

The meaning of ¢ and ﬂ could be seen in sub-section 2.3.
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in Figure 7, it also displays some modest effect on the upper tail of the sovereign CDS.
However, we find that the upper tail of the sovereign CDS is barely sensitive to the
effects of oil, BDI, or Copper when covariate effect is considered. This important
finding supplements the studies by Bouri et al. (2018), Chuffart and Hooper (2019),
and Wang et al. (2020) which are focused on the pairwise relationship between oil and
sovereign CDS.

Extreme high or low gold prices tend to reduce the level of the conditional
quantile sovereign CDS at 5% or 95% lower tail. As showr: ‘ni*gure 6, there is hardly
any change in BDI and copper, which indicates that cL S investors do not seem to

concern about the extreme BDI and copper in the I~we~ tail of sovereign CDS.
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Figure 6. 5% conditional quantile risk scenario sensitivity of Sovereign CDS to

the market basket.
Note: We illustrate Figure 6 with the first sub-figure in the upper left corner (BRAZIL CDS 5% case).
The black dashed line represents the unconditional 5% quantile of the sovereign CDS, whose vertical
coordinate corresponds to 0.05. The orange line represents when the stock index changes from 0% to
100%, (and the variables in the other 5 markets in risk scenarios, i.e. oil, gold, USDX, BDI, and copper
remain in the 50% quantile), the curve of the mean change in the sovereign CDS dynamic conditional
quantile Ayraaser o of Eq.(19). For example, the orange curve (BRAZIL CDS 5% case) appears to

Cor

0000 000 000

pass through the point (0.01, 0.3), indicating that the mean of 234567 1 is 30% when the risk
scenarios are setto o, =5% and B ={50%, 50%, 50%, 0.01%, 50%, 50%}.
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Note: See Figure 6.

4.4 Country heterogeneity in risk scenarion

In this sub-section, we report a qd discuss country-specific heterogeneity in
reacting to different risk facto's «~cociated with the market basket. As shown in
Figure 8, the curves for Russic Italy, South Africa, and Brazil are more bent than for
the other countries. Thi> iraplies sovereign CDS in these four countries are more
sensitive to the risk *actors associated with the market basket. Investment portfolios
involve in these sovereign CDS markets should be alert to the potential large
fluctuations in these four markets.

While Yang et al. (2018) report that both G7 and BRICS sovereign CDS may
have differing response to different market determinants, we point out the sovereign
CDS sensitivity curves of China and India are significantly different from those of

Russia, Brazil, and South Africa. This implies that the country heterogeneity in risk
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scenarios amongst in BRICS countries, and that for the rapidly growing economies of
China and India, some risk factors are less influential in affecting sovereign default
risk.

There are concerns that the European debt crisis and the global financial crisis
could significantly increase sovereign debt risk in developed countries in Europe and
the US (Arnold 2012; Chen et al., 2020; Gkillas et al., 2022), but our results show that,
with the exception of Italy, the impact of a change in a pa ticu ar market risk factor on
the sovereign CDS of the G7 countries does not ~ha..ye significantly when other
market risk factors are held at the 50% level. This ~dy suggest that the G7 sovereign

CDS markets are more resilient to market "is,  Jue to their economic strength.
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Figure 8. Risk scenario sensitivity curves of Sovereign CDS across different

countries
Note: The curves in Figure 6 and Figure 7 are re-organised here based on different markets in the
market basket.

4.5 Downward and upward heterogeneity in risk scenarios
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We now turn our attention to discuss whether there is an asymmetry® in
conditional sovereigns CDS behaviour in downward and upward market basket risk
scenarios settings by a K.S. test process (see the note of Table 4 for details). The first
row of Table 4 provides the null and alternative assumptions for the hypothesis
testing.

The degree of deviation of conditional BRICS countries sovereign in risk
scenario CDS from unconditional BRICS countries sovereign CDS is significantly
greater in the downward risk scenarios than in the upward ~isn scenarios as shown in
first six rows of Table 4. The higher probability of scve: ~ign debt default in BRICS
countries in the downward risk scenario can increase market pessimism and
significantly enlarge CDS spreads. Moreover, uis market pessimism is not
compensated by the fall in the probability 3t . eF default when the risk scenario is at a
price spike such as crude oil. This a.\/m.netric behaviour reflects the risk aversion of
investors to CDS in BRICS countr.~s and concerns about the economic and political
uncertainties of BRICS countri~s.

In particular, Brazil ~nd Russia’s sovereign CDS exhibit a high degree of
asymmetry (see their vaiu~ 'n parentheses), and the probability of debt default in these
two export-orienteu ~cunomies become greater due to the global economic slowdown.
In addition, the Shale gas revolution has led to a decline in energy prices, creating
significant obstacles for Russia’s economic development.

With respect to G7 countries, the asymmetric behaviour of conditional sovereign
CDS prices is significantly different from BRICS countries. There is no asymmetry
found in sovereign CDS changes at the 1%, 5% and 10% quantile for the US,

Germany, and Italy. This is further evidenced by the fact that sovereign CDS spreads

® The asymmetry behaviour means that the conditional sovereign CDS in an upward level is different from that in
a same downward level. See He et al. (2021)
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for these three G7 countries increase by the same amount in recessions as they
decrease in booms. In addition, Table 4 shows that French sovereign CDS spread
fluctuated more during the boom than during the recession at the 1% quantile. These
observations suggest that G7 sovereign CDS investors have more confidence in the
ability of G7 countries to redeem their debt during recessions.

The asymmetric behaviour of sovereign CDS under stress in response to risk
scenario setting shows that investors seem to be more concerned about default risk in
BRICS countries than in G7 countries, although there have “ee,> an increasing interest
in BRICS countries in recent years. The European d.ou ~risis did raise doubt about
debt repayment in the G7 countries (Bostanci an™ y:'maz, 2020; Sun et al., 2020).
However, the market basket risk scenario analysi; 0. *his study reports no evidence of
asymmetry in investors’ attitudes towaris ‘h. debt repayment ability of the G7

countries, suggesting that investors r. ma:n confident in the G7 countries.

Table 4

Asymmetry testing for the dowr wurd and upward S, = ' (@pes7.) — R (a1,,)

t

e (al?é%ism) R Ho iR (aj?é%ism) —F () < Hyu: F{l(a]?zlmm) -F ") <
R (o) - R "se (o™ - Ffl(aﬁzgsism) Fia*)-R* (0’1?2934567)

Hpg: Flil (aﬁé%ism) - -Tl ()= [ P Flil (aﬁzgism) - F171(a10'05) = Hyg: Flil (aﬁélazlse?) - Flil (0!10'1) =
Flil (alo ‘99.‘ [ Fl (’Xﬁégaism ) Flil (alo ‘95) - Flil (aﬁiiiss7 ) Flil (alo '9) - Flil (a1?224567 )

Hi: F{l(lu':l o () > Hyc Fiil(aﬁ'zosism) -F (™) > Hye Flil(aﬂuzlmm) -F M) >

- i, i, i, -1 0.9 -1 0.9
B (™) - B (osmaser) B () = B (apeser) R (@) - R (@gpuser)

Brazil H1C (1.00) H2C (0.99) H3C (0.99)
Russia H1C (0.97) H2C (0.99) H3C (0.99)
India H1C (0.81) H2C (0.49) H3C (0.49)
China H1C (0.67) H2C (1.00) H3C (1.00)
S. Africa H1B (0.23) H2C (0.99) H3C (0.99)
USA H1B (1.00) H2B (1.00) H3B (1.00)
Japan H1C (0.11) H2C (0.99) H3B (0.90)
UK H1C (0.07) H2C (0.66) H3C (0.85)
Germany H1B (0.99) H2B (0.99) H3B (1.00)
France H1A (0.28) H2C (0.54) H3C (0.81)
Italy H1B (0.99) H2B (0.99) H3B (1.00)
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Notes: Referring to Dai et al. (2020) and taking the example of 0.01% quantile case, we consider the
dynamics of F,'(ay, ) —F. (o) and F (a.., ) —F. (a) assamples of some distribution

1]234567,t 1]234567 ,t

R and S . Referring to sub-section 4.2, we should pay attention to the sign of
= . _ X _ X - . -1 0.99 -1 0.99
Fl,tl (al(\Jzo;Assu) - le (af.tm) and le (a10|293€:567‘t) - F1,t1 (af:ﬁ) ’ thUS we turn Fl,t (0( ) - Fl‘l (al.t ) to

1234567 ,t

F (@) = F, (@) - The K.S. test can help determine whether the distribution R is significantly

11234567 .t

“smaller" than the distribution S by wusing samples F (e, )-F.(a)) and

1)234567,t

F (@)~ F. (") to determine the position of the cumulative distribution functions of

)

1]234567 ,t

distribution R and S. The first row of the table places the three hypotheses, with “Hyg” in the table
indicating which hypothesis is accepted and the values in brackets being the probability of rejecting the
other two hypotheses (p-values for the other two hypotheses).

5. Conclusion

This study reveals behaviour of sovereign CDS in =~ and BRICS countries with
focus on the examining the how these markets v.aulc be affected by a market basket
of crude oil, gold, stock indices, exchange 'ar.s freight indices, and copper price. A
dynamic Vine-Copula approach is 7. mlued to analyse the conditional risk of
sovereign CDS markets in a market oasket risk scenario setting. In contrast to
previous pairwise or systemic s..7’es on sovereign CDS, we mimic real-world
scenarios with considering the covariate effects. This enables us to discover the
heterogeneity in behaviou, or sovereign CDS spreads in respect of countries, risk
factors associated wi h th > market basket and down- and up-ward risk scenarios.

We measure th. difference between sovereign CDS in market basket risk
scenario  setting (conditional CDS) and sovereign CDS in non-scenario simulations
(unconditional CDS) to discover the impact of risk scenarios on sovereign CDS in G7
and BRICS countries. Our main findings can be summarised as follows.

Firstly, the conditional sovereign CDS returns will be less than (greater than) the
unconditional ones, when scenario settings is at upper (lower) quantile level. The
quantile difference between conditional and unconditional sovereign CDS is not

significant when the quantile levels of the risk scenarios constructed using the market
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basket at high levels (greater than 90% or less than 10%). This is because the beliefs
about the direction of change in the CDS spread are consistent with the belief that the
CDS spreads will rise (fall) when the quantile set by the risk scenario reflecting
economic conditions is very high (very low). However, under risk scenario settings
whereby the quantile is less than 90% or greater than 10%, the differences between
unconditional and conditional sovereign CDS spreads at a same quantile is large.

Second, black swan events such as the global financial crisis, the European debt
crisis and the COVID-19 pandemic could temporarily’ wilen the gap between
conditional sovereign CDS under the risk scenario anr: ui.~onditional sovereign CDS.
The duration of the large gap between conditiona' and unconditional sovereign CDS
in Russia and Brazil is longer compared to rthes G7 countries and China. The
difference between unconditional and cordi..~ral CDS is not significant most of the
time, reflecting the short-lived naturc of “ne impact of large events.

Third, after taking into accou.t of the covariate effects, conditional sovereign
CDS are sensitive to stock ind~x ¢ the US dollar index. When the risk scenarios are
set in the lower tail (1°~ 50, 10%), the difference between conditional and
unconditional sovereinn C™3 for BRICS countries is greater than the difference when
the simulated nsk <cenarios are set in the upper tail (99%, 95%, 90%). This
asymmetric impact is smaller in the G7 sovereign CDS market. From this study’s
analytical framework of the impact of market basket risk scenario, it appears that
Russian, Brazilian and Italian sovereign CDS would have suffered a relatively large
impact from the market market.

This study enhances our understanding of sovereign CDS behaviour in various
economic and risk scenarios and offers useful insight and information for investors

and portfolio managers to better manage the risk profile of their asset portfolios.
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Highlights:

Construct market basket risk scenario consisting of oil, gold, USDX, stock index,

BDI and copper.

Use a dynamic parameter D-Vine-Copula model.
Reveal the G7 and BRICS countries sovereign CDS behavior in risk scenario.
Static and dynamic pattern of conditional sovereign CDS is revealed.

Sovereign CDS exhibits heterogeneity across countries, down- and up-ward tail,

risk factors.
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