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Table 1 Parameter Estimates of Extended Nelson-Siegel Model and Prediction Biases of Bond Price
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Figure 1 Defaultable Interest Rates for Different Terms to Maturity
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Table 2 Result of Principal Component Analysis

for Term Structure of Defaultable Interest Rates
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Table 3 Distribution Features of Defaultable Interest
Rates with Different Terms to Maturity
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Table 5 Pricing Error Statistics for Defaultable Bonds with Different Terms to Maturity
HIM, %0 HIM, E5Y
PR
RMSE Jarque-Bera ARCH LM RMSE Jarque-Bera ARCH LM
1 4818 1.913 223.902" 6.239° 0.315 6.251° 3.599
5 4EHH 1.796 177.335" 5.773° 0.291 5.981 3.217
10 4E55 1.772 175.873" 5.758° 0.283 5.931 2.830
15 484 1. 666 165.706" 5.689° 0.262 5.829 2.626
20 EHH 1.825 203.212° 5.825° 0.274 6.269° 3.762

Fy &5 T 1, HIM, B B 5t F & 00 bR W] o 24 £l 3% o
& Al T EL Y 3% J5 1R R 25 (RMSE) ¥ B 8 /) F HIM, #
o, i Ah, fli iR 2 F 5 B9 Jarque-Bera 4 it it Ml
ARCH LM%t it &t % M, FEHL I Bh 51 A i B 3F &
TR ZER AL . % 1 PR AT b 24 5 35 10 s A
PR 2 5 5 B ARCH LM % i fit g HIM, #5095, 600
VL bR 2 2= HIM, BB 3 A2 47, £E0. 050 18 % 44 K
FrFAFRE, RUMILEN T EMBET B MR
¥ Bh # ARCH 2§ i F1 42 08 B B8 4 i 4% A , A T i 7T 3
AFEMBMAEITRESTEE N FIESSA, XM
it 7112 22 I 3 B Jarque-Bera 4t 11 & B HIM, & &Y Y 165
L ES s EHIM, BRIM6AF B AHH .

B, AMRREN=E T &4 R s HIM
BERGE S 5| AL s B 7, 2\ 7 A Bk F R
0 R B B WP B B R A, KRB 3% T W i 4 fif 5
EMHEEMRES M, TEN T PETEY
BHETHEHEHHTRERBELSR,

52 BRonBEFHEXEEHIHN

1 %4 1) HIM, B8 2 $lp,, \p,3 Filp,s 5 11 (H T 501,
To R 4 AR ZEr(t,0) JE S A 2ZA(1,0) FIEEHL
Wit BV (e) Z 76 B E A KK R, WAL 3
BV SERBREYMEA(t,0) MEXABE®E
0.856, 1M 5 45 45 {5 Fl #l 2= A(¢,0) #55 2R B M 0. 265,
KU RV M EN A EEY
W, BRI TR R A AR R MEEERR EN S
SHERE B EHILEERRE. A, HAEEWN
&\ po WAl HHE #70. 549, 72 97 T KU 4 8 ) e r (2, 00)
HSEMERMNZEN o) EREEMEMEXLRT, X
5 Duffee'™ I Chen '™ B 25 G W IR , X FE R K
REPEMEEMRSE TS L, R ow R E G
AAENTEREAR. £xEHEEH T L, EN
TRBEFEMGFAAMENERETEREFHEK (K
ZUWEHT ! MK TE, EREEE ST
SRS M TR B AN s M, X 2 2 5 R
M sEENARAERKETE. SKEN,ZFTF
N2 8 ol | =13 3 s L e i T L S
A EFEAERRABE N GERAMERIN EFH.

Bk, EXEGRHETH EERAZES TREHNEE
AKX R, MEEHREH, EFEMSEN S L,
2 0 0 X ) 28 R0 {E AR 25 A T R R R E AR B K
MESMES, HRKAREFHK. W B E 5K
Ta R il 22 15 AR 22 3 Ok 1F 1) B ma, 9F 4 fE 45 v
B R EEmT  ERK TRk, BEES
2R O A 0 XU RS A 3R A0 05 R R 25 o kb B2 0 Bk Sk
WIRMEHERE; MTEEETHE, fAFHERXR
V) 25480 1) 32 7, BT 5 G XU A 3R 0 A R R 25 E 1R .
Ak, EPEGHETH LERHAZSERARARE
FEHXER

53 RnBEFEMEIN

AR UISEAAMBE LV HEE NG, ET=
B 7T i 2 i B i 3 HIM A B 3 & i 3 B F 19 33 0k
B R EAFH AT oM, M R E & HF 8RR 5T
BE LB, B2 45 15 4F 1) AAA % £ ol 1 3% 0 4%
A6 HE R T E .

FE B2 b, A P15 4F B AAA 9 4ol ] 3 1 4R
1 2 46. 600, T 4l 3R 2= ¥ 40. 138, R K N
0.296% , A I A< BF 55 #4 2 /9 = [+ 0 3B 24 B L 3 3
HIM B2 %Y 1R 7 b 220 i 7 15 46 30 W] i 24 i 35 4% 19 3h
ERE HBEMEAEMME(,0) WIEHESE
&1 5 0L B 3

1E 3 o, BE A A A 1S 4E B T o 24 R 3R 4 AR BT R
B W 2 58 A R S i 3 R (3. 756% . £E2003 4
227 HZE200542 H 16 H , 3% 4 8 19 0 5 0 3 R 3%
gk ERESARUA RO EHERFLE LA E
2005 4E2 A 17 H 2008 459 A 11 B , 35 24 45 1 7 % &
B R Z A W, K B B 2 R R
58 TP TE20084F9 A IO H Z S EMEE 4 F
I% A FF R 222009 455 A 25 H |, bk B bt (8] P9 1 29 4 40
FIRWEBITHETR; G, SHEHR R E L
FriEES LI, Bk ESLE WA EN N
I b o T,

HI 3 AT DA i, B A P 2 A R B B e AR
HERME I EEHNA RO E N RESFE. Bit,
A 5 %o 3K 30 3% 2 Al 56 ik 3h Fe A Bl B B B B i



128 B BB (Jounal of Management Science) 201541 B
60 } — HLfE
------- i
55 F
! Il
50 ¢
b
=
45
sk
40 F
il
35 F |
E
30 I I TN TN TN (R T SN SN S (U [ N TN T S (NN [ TN SN SN SR S SN TR T i
~ r~ r~ [~ M~ >~ >~ ™~ ™~ = > >~ M~ ~ > ~ ™>= 6 &~ ™~ @-= 6 @ > > /& 6= -
Lo B = SR ot A o N o SO o N ! Y o Y o TR o A o AR o B o A o A o' N oo RO ot N o' AN ot B o Y ot R o AN ot NN o RN o N ot Nt SR o
I oT o I I 0 O ID 00 o IR 00 I I 0T @@ D O I OO @ 0D I 0 O O OO 0O
Sl 00 = O W B0 — ol 1 00 — ol W W — o M0 — o] W 00— o v 00—
O c o~ O 0 ~oco oS w0 od — 00 & ~oco0 0 — o oo —~
ot B P i e . ol o S <
[t B o T oo T o T o I . o T B S ¢ SO o R = L o B N S o S s S e S = B = B - < R~ = B S = N = S o ]
o c oo S oo oooco oo ocoococoocdcs s o
S S oo oS S S SSdSE&ESoc oo oSO S oSS S
A A a8 8860880 8088aa6a66aEaaaaa G ARaaaa
H i
B2 5 FHEWHEBNBAGITE
Figure 2 Actual and Predicted Prices of 15-year Corporate Bond
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Empirical Research on Volatility Structure of Defaultable
Bond Market under HJM Framework with Stochastic Volatility

Su Yunpeng, Yang Baochen
College of Management and Economics, Tianjin University, Tianjin 300072, China

Abstract ; Volatility structure is of significance in pricing and hedging of defaultable bonds and its derivatives. Using AAA corpo-
rate bond price data, the term structure of defaultable bonds in China is first of all calculated by the extended Nelson-Siegel mod-
el based on genetic algorithm, and then analyzed by econometric methods, such as principal component analysis, Jarque-Bera
test and ARCH LM test. It shows that the term structure of defaultable bonds is mainly driven by three volatility factors with a
significant ARCH characteristic from the perspective of dynamics. In the light of above analysis above, a defaultable HJM model
with stochastic volatility is established by decomposing the defaultable short rate into the default-free short rate and the short-term
credit spread, and setting their volatilities dependent at both state variable's level and in the stochastic volatility process. A finite
dimensional affine realisation is obtained for the established model under appropriate volatility specifications. Then, a comparison
is carried out between the established model and the HIM model with level-dependent volatility, demonstrating that the estab-
lished model offers a much better performance in both data fitting and distribution depicting.

Based on the established model, a systematic analysis is made on the volatility structure of the defaultable bond market in
China in the three aspects of the stochastic volatility feature, correlation structure and contribution of the volatility factors. The
result shows that the volatilities of both default-free interest rate and credit spread implied in the defaultable bond price have sig-
nificant stochastic volatility, indicating a trend of continuous increase in the sample period with a considerable influence on the
bond pricing precision and error distribution. There exist significant correlations among the three main volatility factors of the de-
fault-free short rate, the short-term credit spread and the stochastic volatility. Tt is noteworthy that the default-free short rate is
positively correlated with the short-term credit spread just opposite to what it is in USA market. Moreover, the risk contribution of
each volatility factor fluctuates significantly accordingly. The defauli-free short rate contributes more to the total risk during the
boom period, while the short-term credit spread contributes more during the recession period.

Based on the analyses, this paper suggests that the stochastic volatility feature and the interaction hetween the interest rate
risk and credit risk should be introduced into the term structure model of defaultable bonds with appropriate specifications on the
basis of the reality of the defaultable bond market in China. It also suggests that the focal point of the risk management for de-
faultable bonds and its derivatives should be adjusted with the business cycle accordingly.

Keywords ; stochastic volatility ; Heath-Jarrow-Morton framework ; defaultable forward rate ; eredit spread;volatility structure
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