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. Introduction

Credit risk management has long been considered an important issue since the

world financial m ed to ¢ i stigation of credit quality is
ements and

|
t.a.'ﬂurthermore, because of the improvement of informatio

he rese'aicil of risk

risk relations among

size of governm . A.2 billion in 2006 to

26,200.7 billion dollars in September, 2007. Particularly, the Asia local currency

government bond markets had grown rapidly in past years with 21% growth rate in



2007. Although debt credit contagion has a great impact on construction of

credit-sensitive portfolios for the banking and investment management (see Zhou,

2001), it is a source of substantial instabi observation of price and credit

spread chang v ] oretically, credit

ave been a lot of rese:

L
specially on bond return
I |

The objectives o

sovereign de and

financialima nich_could be reflec d volatility of

stock. Also, the importance of stc t spread at the aggregate level

has also been discussed extensively in the literature (see Cambell and Ammer, 1993).

To proxy uncertainty, economic variables from the US market are widely taken as the

2



world factors because the US financial markets have great influence on emerging

countries. For our purpose of analysis credit risk correlation, the financial markets

factors from the US arepadopted. Thus, t plied volatility from equity index

options, wSpet

Volatility Index

c itS

previous: paragra ariable -is~\V/ surement of market

uncertainty to investigate the varic see‘Connolly, Stivers and Sun,

2005).



This paper provides a new perspective and methodology to analyze credit spread.

Credit spread is always considered a proxy for credit risk, which had been use to

estimation the credit correlat etwee arkets. However, this is the first research

to investigat : W als e determinants.

eratures about

credit risk, cross-market'hedge a Is are re edfin section Il. In section I,

we provide the methodology applied in our study. It includes DCC and DCCX

approaches associating with relevant literatures and models. All the empirical results

4



and discussion of estimations are listed in section 1V. The conclusion is given in the

last part of Section V.




Il. Literature Review

In this section we provide a review of literatures related to objectives and methods

io orrelation between Asian

of our research.

countrie g / a s elations in

contagion factors.

GARCH famr eir empirical

studies related to the approach-apy



2.1. The modeling of credit spread

The most of credit spread variation is related to credit risk of debts. Investors

require a higher pre fa sk ebts ¢ e debts with more risky have

higher ; ads. ate impact of

ion Is that
increased volatili esult of this study
propose factors, such as changes : e, changes in the slope of the yield
curve, changes in volatility, and changes in the business climate, have ability to

explain credit spread. Particularly, changes in volatility have asymmetrically influence
7



on credit spread: an increase in volatility has a great impact on spreads while a

decrease does not.

There are also_pape of sovereign bonds.

Duffie, ers e Russian debt

Ssian spreads were high in

s ability to repay the deb

that Russian credit spread
| |

Westphe
sovereign bonds by

the local M
[ |

) | ns ANS_ are | ranaan m )
‘rica. The rating classes, one of the variables in-the
|

is, the factors related to risk. Also, changes

0 21.5% for
| |

in local stock market volati p for change in‘the volatility of country, have a

significantly positive effect on the spreads of sovereign bonds. It suggests that higher

volatility increase the risk. The country probably hit the triggering level of default.
8



The variation of credit spread is not constant overtime. Most of the models cannot

explain the time-series behavior of credit spreads (see Cooper and Mello, 1988).

Dungey, Martin and Pagan (2000 ni (20 e time-varying volatility

model to.capture ad. and' Pagan (2000) take

sistence lof volatility to
I | |

e y

a and

edit spreads.

| | I |
rling Eurob!nds credit

spreads and the force dri

| |
oroperties of

signific
2.2. Cross-market hedg

To our knowledge, the correlation between markets in Asia is proved by several

studies. Solnik (1996) studies the correlation between Asia stock markets and between
9



Asia bond markets to indicate that international correlation increase in the periods of

high market volatility and strongly affected by national factors. Studying for crisis,

Masih and Masih (1997)y prese e orrelation of the international

markets revea o 3 ¢ hange in 1987,

Moreove : tion is studied for
construction of portfolios andinte i ent. The literatures suggest that the
credit correlation exists under certain situations and has some characteristics. For

example, firms in the same industry (region) often have higher default correlations
10



than those in different industries (regions). Zhou (2001) develops a model to calculate

default correlation and joint default probability of two firms to calculate the

probability of a two-dimensional ¢ cess ‘passing a boundary. The model

theoreti oli a o)) ault correlation

1 ana I E E E‘
#(:untries are more risky than developed coqpﬂ.'
||
|
|

suggest that it is more worthwhile to f_ogu! o ower grade
portfolios wh : e to-changes in defs thermore, the
magnitude of default “eorre es ‘as the Internally assigned risk grade
declines. They study the credit correlation of subprime lenders under loan portfolio,

because this kind of portfolio carries greater risk of default and therefore compensates

11



lenders with higher credit spread.

To figure out factors related to credit quality, Weigel and Gemmill (2006) have

Argentina, Brazil,

extracted the distance s s, fo

Mexico N3 al, gional and

ponder ove 1S 998, and the

results suggest that greater market L ai during the crisis periods leads to an
dramatical changes in correlation between stock and bond spread and volume relevant

to normal times, and linkages between stock and bond market liquidity are
12



significantly stronger in the crisis periods. Thus, the uncertainty of financial market is

a critical factor while we consider market correlation.

Connolly, Stivers a government bond return

relation NiN¢ . influence of

s gt s e
n*. rebalancing. When considering cross

likely tobe m

According to the articles mentioned above, ontagion is significant for financial
markets and regions as well as the credit correlation. Because equity implied volatility

can be determinant of credit spreads as well as the measurement of influence of
13



market uncertainty which has an impact on cross-market hedge, it is taken as an
exogenous variable while we explain the variation of credit correlations. The US
stock market volatility issac : dependence of emerging markets on

industrial.countrie ] dy of credit

) propose'i iy Engle

odels. ARCH moqle

pe

||
field in rese S financial and

economic time series (see Bollers d Kroner, 1992). The GARCH models
are with flexible adoption of dynamic of volatility ant it does simplify of estimation. It

also extends to different models, for example, see Nelson (1991) and Brandt and
14



Jones (2005) for EGARCH models.

Large time-varying covariance matrices are needed in portfolio management.

Bollerslev (1990 orrelation multivariate

GARC ‘ a S. ion of constant

than constant wher].i

correlation ¢ mmetries in

conditional volatility while
Liao (2008) proposes a Modified Dynamic Conditional Correlation model (the

DCCX model) to estimate the time-varying correlations between stock and bond
15



returns. The DCCX model allows adding exogenous variables when we estimate

correlation. The result shows a high positive correlation between returns of the

S&P500 and 10-year-treasur ( ated by, the DCCX model, it suggests

that uncertai

16



I1l. Methods

The main objectives of this study are to examine the credit correlations between

d model. It was first

sovereign bonds b

propose : pers such as

correlation estimators- by
NN .

but ~ Furthermore, the

LA
only difference between

n
#xplam the behavior of correlations. This sep 0

DCCX model is the

two models

mbles ml

3.1. The Dyr

The conditional correlation betwe , r.and r. that each have

2t 1

mean zero is defined to be:

17



E. (rl,t r2,t)

6
JEL(DE, ()

Proy =

As equation (1) presents, the estimation is based on previous information. However, it

requires premature data i every previous lags which

[1100€1 ), |

hi’t:a),+i :

The model with assumption of constant correlation ensures the feasibility of

estimation and positive definition of parameters. However, recent papers find that

18



constant correlation could be rejected for certain assets. Therefore, Engle (2002)

generates and extends the CCC model into a new class of estimator which allows for

correlations to change over time. The rovement is R, could be time-varying

rather than ¢

e varying
standard devia ron lich are same as the

CCC model. Furthermore, a possible correlation matrix containing the

R, i
conditional correlation of the pair-wise standardized residuals, z, =&/ ﬂ/hi,t Q.

19



which contains elements ¢, , and S are the conditional and unconditional

covariance of standard residuals z,, and z,

;1 respectively. A and B are diagonal

parameter matrices and _odenotes Hadamard IX product operators. ¢ is vector of

ements of Q, :

For condi relation in equation

(10) and the conditional standardi

3.2. The Modified Dynamic Conditional Correlation (DCCX) Model

20



The DCC model has been widely used and verified into different versions such as

asymmetric DCC (see Cappiello, Engle and Sheppard (2006) ). The DCCX model is

with the same idea as DC ifies the correlation evolution equation to

I-HI-I'!FII

jt1 +b|:qii,t—1 qij,t—l%
150t jtl qijvt_l qjj,t-l

(16)
Qi = (l-a a7
H,, D, R, Q, and Q,~ rema ame meanings as the DCC model. A, B,

and C are kxk diagonal parameter matrices. The variable X is the exogenous

21



variable included to investigate the correlation between series. X, , represents the

determinant of X at the time t-1, and X is unconditional expectation of X . The

mean reverting require : expected mean of X . We refer to

this model as

are “the  residual standardlzed by ‘ C standard

deviation.

Let the parameters in model be written in two groups, (,,6,). The elements of

6, correspond to the parameters of the univariate GARCH model for the i series,

22



0, =(®,c,8)- 0, corresponds to additional parameters in R:. The log-likelihood

function could be divided into two parts:

g (19)

L(l91,l92) =Ly (91)"‘ o

olatility estimation a

t

m UU

the pa

ce the estima co

||
|
nd simples toi
I

by qusi-maximum

Engle (2C
likelihood estimation (QMLE) to obtain consistent parameter estimates. Although the
estimations are consistent, they are inefficient. The estimation in first stage can pick

up 6, to satisfy equation (19). Given the 6, in fist stage, it can be maximized
23



equation (21) with respect to optimized 6, and #,. The two-stage approach to

maximizing the likelihood is to find the following:

6, =argmax {L,, (6,)}

24



IV. Results

4.1. Sample

The investigate by 10-year sovereign

Korea

ea, Thailand ang

||
olnd Markets in Asia desp

end on Feb
| |

Moreover, to
changes, Chicago

proxy of unc
n

index. In 2003, itjwas expa / 0, to estimate the implied

volatility of at-the-money index option, with 30 days to expiration. The VIX is a

1 The amount of bond market size in 2007 for US, Japan, Korea, Thailand and Hong Kong are 6,480.8,
6,879.28, 722.11, 107.47 and 107.52 in billions of US dollars.
25



widely used measure of market risk®. Investors expect the volatility of market to

increase when the VIX index goes up. The higher the ratio, the lower is the investors’

confidence. It has been jconsidered to be i and market volatility by the
world's pre [ ﬁ eam as well.

ocess of

ng dynamic conditional

||
, ._ZI'Descri e sta

d credit

spread , Cantor'irij Packer

(1996):

the sample period. The credit spreac ind atilit ne and seem to

arise in the late 2001, 200 2007. The 911 territory attack of 2001 damages the

> CBOE volatility index is referred to as the investor fear gauge.
® The MSCI world index is considered as proxy for world economic climate when we choose
exogenous variables. However, the results of this variable show statistically insignificant impact on the
correlation of credit spreads. The data are not listed in the following tables.

26



worldwide economic markets. In 2003, because the US government urges to get rid of

recession and afford the expenditure used in the arms with Iraq, it issued debts with

higher yields which also increases the it spreads-in domestic debt market as well

as Asiangcou y /,-the subprime

eristics and volatility ¢

olatility series by the GAF
I | |

credit spread changes and

ongcC \u

In Pa

tive ove?ir‘e sample

period except Hong it shows that Korea’

spread chan
| |

' ; 18505

rﬂveske\h ec a-Bérat fo 1h
.l

at 5% level, which suggests that the series &

|
ical value
.l

indicates the

Information on the contemporaneous relationships of the spreads across countries

* The Jarque-Bera test is a goodness-of-fit measure of departure from normality, based on the sample

n

2
kurtosis and skewness. The test statistic JB is defined as g(s2 +@) , Where S is the skewness, K

is the kurtosis, and n is the number of observations.
27



as well as those between VIX is given by the unconditional correlation in Panel B. It

suggests that there is some commonality in the time series properties of the spreads.

The correlations between Asian countries are higher than correlations between
those with vithin the Asian

gion often have higher

- "
articularly, the correlation be
i

Furthermore, VI e03 V re
g I
| | [ |

up,

m up, the

I | |
e take a look into the

time-series a sis'of d

| .
.-I_Emplrlc'
.l
|

tiop.ed pre

1896

v*sly, the DCC model, which needs two stages of es
|

stage 1, the
credit spres olatility and
standard deviation of each”serié at stage 2, it processes to obtain the

conditional correlation by standard deviation and @, = E(z,,,z,,) . In this study, we

proposed the standard DCC model and the modified DCC model (DCCX). The only
28



difference between DCC and DCCX is that the DCCX model includes an extra

exogenous variable, VIX, when we estimated correlations. Table 2 provides two-stage

estimation results of the L o edit=spread changes by maximum

likelihood,m

of 0.690 and 0.918

Pane S ‘ 5 are significant

under 95% "“conf : ( W that the correlations are

significantly dynamic. Second, the estimation of the DCCX model concerning VIX

shows that all of bare significant at 1% or 5% level. Moreover, there are twelve out

29



of fifteen coefficients (C) of exogenous variable, In(vix,,), are significantly positive

at 1% or 5% level, which means correlations between credit spread changes tend to

vary in an opposite directio iods: That is, the credit correlations

among coun

I | |
gher than the average

two Asian countri

at the I here is a
higher correlation“from 20 ' ( rld economic after 2004,
especially in emerging markets, the credit quality is improved in debt markets. The

credit spreads are all downside in the same direction, thus, the correlation is

30



increasing. The significant ascending correlation from 2007 summer until the end of

sample period coincides with the subprime mortgage crisis which causes the higher

credit risk of debt marke with literatures that suggest the

correlations f¢ 3 mpared.with Panel B,

I-;‘I-I-

The regressions can ain la ange of 7196 and

959. The correlations are mainly determined by correlation in the last period. All of

the coefficient, a, , are significantly positive. Furthermore, the correlations are

31



positively and significantly influenced by In(vix,,) under the 5% or 10% level

except few pairs. Specifically, the correlation would slightly increase when the

uncertainty increases. Thisjre IS consiste model.

4.4. Joi hlat

or the inT/'eiors who

diversify internatio markets where the

correlations
[ |

(29)

32



For country i, h, is its variance, and p, is its associated pair-wise correlation

with other the countries. Table 4 reports the value of ¢, relative to each spread

series.

. . |
f' correlation in portfolio construction. We assun

d the other

minimum-vari 10 containing two assets, one
is a US bond. From the DCC , conditional ‘correlation concerning
VIX is generated before. To take average of conditional variance of Asia bonds and
average of correlation between the Asian countries and the US, it could estimate the

33



weights of two assets by following equations:

Min ht = Wz,tha,t +Wlithu,t + 2Wa,th,t hj,tha,tpt

a

(30)

W = hu,t _*\’hu,th

at
h, +

X in the last period:

The res she 0 o in the Asia bond if

VIX increase by 1%, the US bond weight otherwise. That is, when the market

uncertainty goes up, the investors should add more on US market instead of Asia. This

34



active strategy helps manage portfolio weight avoid risks according to different world

economic situations.

35



V. Conclusion

It is particularly important to check how credit correlations among countries vary

over time for risk di this study, we use

credit s ds Sia : ative to US

whether it is associate with
n I .

Il!ll.il-

elations

between sc 3 ed as fgio‘vs. First,

the credit spreads s ility cluster evidences

From estima
[ |

Second, the ary positively with

VIX, that is, the correlation increases dur the period when financial market

uncertainty rises. Based on our results, investors could modify their estimation of

correlations by investigating the variation of VIX. Third, in application of our finding,
36



average correlation of volatility and correlation for underlying countries will be lower

if we consider financial market uncertainty into the estimation of credit correlations.

The other application_ispit S esto truct_portfolio and provides a

managemen

0 remains to he
if "

a can provide further

37
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Table 1
Descriptive Statistics

This table reports the summary statistics of credit spreads measured by 10-year

sovereign bond yield. of the US and five A ountries - Japan, Hong Kong, South

Korea (henceforth

cand Ta 0 ear treasury

yie ,-in Panel A. All data are extracted fro i

|
od'l; from November 1, 2000 to February 20, 28.-'I'he -

d the

"
/ are taking first-differenc

..
aiﬂjard deviation
| |

unconditio orrelations
;

C

"

0.677 0.920 0.697 0.570-
|

|
_-0.405  -0407  -0.605  -0.338 _-0.82
| ||
|

u
0.14 0.076

Std. De ! 0.146 0.181

Skewness 0.13 0.827

Kurtosis ) 5.( 6.2 1.7 5.404 5.472

Jarque-Bera 85.435 80.336  205.609  69.021 93.093  140.837

Probability (0.000)  (0.000) (0.000)  (0.000)  (0.000)  (0.000)
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Table 1

(Continued)

|
-0.178 -0.065

-0.014 0.005

I:!I-III\

Taiwan

|Thailand

lJS 0.535 0.310 0.390
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Table 2
Two Stage Estimation of the DCC and DCCX Model

Stage 1 of DCC and DCCX estimations:

h,t =0 +aigi2,t-1+ hi i t

qu ZiaZjt +b|:qii,t»1 qij,t—1j| ij=1 2,
2 1, 16
z j,t-lZi,t-l z jitl q ijt1 q jitl

obtaining the volatility and

. 'SI .
orrelation is obtained.

conditional correls

The variable og of VIX. The table
| |

(9.753)
Hong Kong 0.903

(1.210) (3.158) (27.642)
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Table 2

(Continued)
@
*i i

~ - 0.000 0071 . 0,918
|

2231) -

' 08

(9.613)

0.690
| |

~

B

Q0

Korea 0.842

14.276)

(1.162)

o

o

b

o
A

(7.590)

Japan-HK 0.846

(1.276)  (6.927)

a'mn-Koreaf

0.085 0.859 0.072 0.880 .y

- (3405)  (19931)  (2953) (23021 .

| |
|

Japan- : 146 0678 . .0.145. 6 10.039

, (2.322)
Japan-US 0.03 9 0. 0.912 0.204

(2.302)  (32.636)  (1.742)  (22.227)  (2.956)
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Table 2

(Continued)
C

(5.570)

DC

(o}

0.094

(2.093) (1.965) .

0.047 0.734 0.041

(1.094)

10814) | (0.499) -

Korea-Thailand 0.768 0.003
| |

(9.442)  (2.466)  (9.195)  (0.019)

0.833 0.08

(11.486)  (2.844) 56

0.951 0.257

-0.049
(3.916)
Thailand-US 0.020 9 ) 0.940 0.132

(1.428)  (21.560)  (0.969)  (22.322)  (2.917)
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Table 3
Investigation of Credit spread Correlations by Regressions

This Table reports the estimation of the regression below :

edit spread

Japan-Taiwan

| ]
' ﬂgn-Thail 0
B
"

i 0.006 0.984 0.008 =
||

S (145) (93.744) (1.794).

0.866

4.43

{ 74 of . 9

HK-Taiwan 0.128 0.694 0.003 87.75

(9.563) (22.127) (0.193)
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Table 3

(Continued)

Adj.R? (%)

HK-Thailand 92.72

(11.174) 12.267

FiSk

3.542)

.Korea-Thai

I-‘I-II\

Taiwan-Thailand

il

(95.566)

(1.663)
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Table 4
Average correlation between volatility and correlation

This table reports the average correlation (¢,) of country i’s credit spread variance

(h,) with all its associated pair-wise correlation with ot ountries ( p;,) as follows:

I Korea

Thailand

Taiwan

48



Table 5
The minimum-variance portfolio of Asia and US debts

This table reports the weights of two assets in a minimum-variance portfolio. The

weights of two assets are estimated by f .

uthut

h ¢ — o

ut at

W, =
t hae +hye - 2\/hu,tha,t Py

=

= =

O HI
| N H ||
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Panel A: credit spreads
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The credit spreads are 10-year bon ive to the US treasury yield.
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Figure 1
(Continued)

Panel B: credit spreads changes
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Panel A represents a ets- US, Asia countries

(exclude Japan) and Japan. Panel B represents average correlation among six

countries. Panel C is the figure of VIX.
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Figure 3

(Continued)
Panel C: Natural Log of CBOE VIX
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