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Relationship between credit risk and market value
of listed companies based on copula method

HU Xinhan, YE Wuyi, MIAO Baiqi

(Department of Stalistics and Finance, Universily of Science and Technology of China, Hefei 230026, China)

Abstract: Based on a variable selection method, the default probability of listed companies was calculated
with a logistic model. Then kernel estimation and copula method were applied to fit the marginal and joint
distribution between credit risk and changes in market value of listed companies. With conditional VaR,
the applicability of the structure credit risk model was tested with large samples. Empirical tests show that
there is a negative relationship between credit risk and market value which is affected by financial ratios
and the default probability is sensitive to the decrease in market value. Besides, the main factor in forecast
accuracy is the distribution of default probability, while the impact of the dependence structure between
default probability and market value is not significant.
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Tab.1 Total sample numbers of each sampling period
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Tab.2 Estimation of logistic model parameters of each year
A4
LR
C ratio ratioz ratios ratiog ratios
2000 AiHE 2.460 6" 0.009 3 0.344 3"+ —0.048 5" 0.173 8 0.019 8**
FrifE 22 0.175 0 0.012 5 0.070 5 0.029 5 0.112 8 0.007 6
2001 A HE 2.488 3*** 0.041 5 —0.002 5 1.011 2%~ —0.043 2 0.051 3**~
bt 2% 0.141 8 0.030 2 0.014 3 0.240 5 0.027 5 0.012 4
2002 AiTHE 2.268 7" 0.008 4 —0.011 6" 1.773 3" —0.008 4 0.009 3**
bt 2% 0.106 9 0.008 5 0.006 5 0.240 8 0.022 4 0.004 1
2003 fliiHE 2.128 777~ 0.008 5 0.005 7 0.100 3** 0.008 9 0.002 2**
bt 2% 0.107 1 0.006 0 0.006 4 0.047 5 0.030 2 0.001 1
2004 AiTHE 1.925 6" —0.002 2 0.003 5"+ 0.009 9 0.128 4** 0.004 2**
bt 2% 0.115 9 0.004 0 0.001 9 0.006 9 0.061 1 0.001 4
2005 fliiHE 1.858 3"** 0.010 8 0. 000 0 1.250 3% 0.066 7*** 0.008 9**’
FrifE 22 0.086 3 0.007 6 0.000 0 0.1117 0.019 9 0.0019
2006 A HE 2.022 3*** 0.002 8 0.010 3*** 0.868 0" —0.035 3 0.007 5**
bt 2% 0.094 7 0.004 8 0.003 5 0.124 6 0.025 7 0.002 6
2007 fliiHE 2,247 877 —0.0010 0.003 4 0.036 3 —0.115 6*** 0. 006 5**
FrifE 22 0.098 6 0.001 6 0.002 5 0.040 4 0.032 4 0.003 1
2008 A HE 2.310 5% —0.001 4% 0.178 8%~ —0.008 8 0.012°9 0.001 9%
bt 2% 0.089 4 0.000 8 0.026 2 0.015 4 0.016 6 0.001 0
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Tab. 3 Statistical properties of default probability

of listed company each year

AR HMH i 22 W 7 i 15

2000 0.062 1 0.117 8 39.578 2 5.774 8
2001 0.083 9 0.106 3 53.213 4 6.820 0
2002 0.102 6 0.122 3 37.169 8 5.634 7
2003 0.101 0 0.066 1 105. 454 4 9.311 4
2004 0.115 4 0.096 5 59.231 5 7.117 9
2005 0.151 4 0.199 0 11.648 5 3.036 0
2006 0.137 0 0.137 2 27.368 6 4.826 6
2007 0.118 7 0.104 9 51.341 2 6.680 3
2008 0.097 2 0.086 5 84.908 2 8.714 5
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Tab. 4 Sample statistical properties of percentage of market

value changes of listed company of each sampling period

AL 301 18] HfH brifi 2 U Ji7 i 2
2000~2001 —0.2133 0.177 1 6.907 6 1.179 6
2001~2002 —0.1957 0.177 8 8.644 1 1.694 1
2002~2003 —0.1239 0.2807 6.138 2 1. 366 0
2003~2004 —0.1484 0.252 5 5.583 9 1. 006 6
2004~2005 —0.178 7 0.2450 7.719 9 1.523 9
2005~2006 0.6744 0.9396 58.049 2 4.915 5
2006~2007 2.2097 3.3761 697.6022 22.9784
2007~2008 —0.5122 2.112 41 449.1454 37.8107
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Fig. 1 Kernel density estimation results of default probability changes of each sampling period
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Tab.5 Kendall correlation coefficient between percentage of market value Changes

and default probability of listed company of each sampling period

FEAR X i) 2000~2001 2001~2002 2002~2003 2003~2004 2004~2005 2005~2006 2006~2007 2007~2008
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Tab. 6 Estimation and testing results of copula parameters of each sampling period

3 M KL ik p-value

copula

e 301 18] 4y . - YR
i 1 2K A PR Klugman-Parsa E[ 2 iR-S
No. 1 —0.150 8 0.019 9** 0.889 9" 0.174 2
2000~2001
No. 5 —0.737 9 0.173 47~ 0.980 0°* 0.675 5"
No. 1 —0.148 1 0.031 1** 0.766 4 0.377 6
2001~2002
No. 5 —0.723 5 0.251 77" 0.557 77" 0.949 2°*
2002~2003 No. 5 —0.550 2 3. 49E—03"" 0.398 6 0. 020 4
No. 1 8. 75E—03 0.368 2" 0.817 8 0.920 9
No. 3 0. 445 0 0.045 2 0.881 3 3. 10E—03
2003~2004
No. 4 1.004 4 0.299 1°~ 0.886 0°" 0.873 7"
No. 5 0.039 2 0.343 6°* 0.883 27" 0.898 7°"
2004~2005 No. 5 —2.439 7 0.912 57~ 0.875 8" 0.986 8~
No. 1 0.094 3 0.111 6 0. 467 6 0.295 4
) No. 3 0.450 9 0.017 0=~ 0.839 17~ 0.010 4
2005~2006
No. 4 1.047 2 0.018 6~ 0.388 5" 0.574 2°°
No. 5 0. 406 0 0.054 0** 0. 441 2 0.705 4
No. 1 —0.087 7 0.301 07~ 1.000 0°* 0.275 6"
2006~2007
No. 5 —0.413 3 0.164 3** 0.995 4** 0.131 2%
No. 1 —0.114 7 0.566 2°* 0.999 2°* 0. 900 8~
2007~2008 No. 3 0. 436 3 1. 30E—03*" 0.725 8 1. 59E—06
No. 5 —0.549 3 0.939 9** 0.990 1** 0.742 8
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Fig. 2 CVaR of market value change conditioned on default probability of each sampling period (confidence level is 5%)
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Tab. 7

A p value corresponds to Turning point of the CVaR curve of listed company of each sampling period

FEA X 1]

P EXTRI Ap 0.032 0 0.016

0.008 —0.024 0.024

2000~2001 2001~2002 2002~2003 2003~2004 2004~2005 2005~2006 2006~2007 2007~2008

—0.008 —0.024
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FE G L8 F A I SE A B S 46 = . (32
AERT oA 045 9% 2 % T 35 240 A0 40 A0 Ak Wt 2 0 ) ¢
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T 40 %6 FEE M 50 % B A BB A XA, R, LR 45
FEEIA ] b A R A E AR CVaR WE A LLUE 1
B A S 2 A W = R N D T

I D0 45 5 . 3K ARSI o 195 100 A 2 A A 1.

e 2 U W 092 5 A iR 9 E) AN [, 7E 2003~
2004 4FF1 2005~2006 AF P>l 30 1] 55 24 4B 2% 1) A8
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Fig.3 CVaR of default probability change conditioned on market value change of each sampling period (confidence level is 5%)



418 T EAFHERKFFR

% 43 %

5 (E 0928 AR 2 R DG, HLBR T 2006 ~2007 42
SRR Ay 1Y% s BB AL T 261 VaR il 445 5
B4 A . 156 B T R e 3 249 JRURS: o A1 ) R 2 241K
TR A 3 249 JRUBS: b T A R BT 3 ) T R A1
B4 R B B /7. 2006~ 2007 4 1175 B I RS A AN TR], mT
LA FNZ X E T Ay B9 s T35 s A 22, BP 33 2
DAJBSE %o T 1 vy P R 3 6 v {ELAF A L8 )5 T DD
IR, 11 FL Ath A A 3 ] 4 J€1 T AH EE , 2006 ~ 2007 4 4 14
Hh 2R A T A 4 A B, LA AR B 1 TR) R .
BEAh % R F] 2006~2007 47 1EAE B T Ak 0 B B, B
A AR B HTE T B R A L B AR B DR 5
A B2 1Y) 22 5 T BB R T T R AR RN 38 29 MR T
S =N NI e O SE-% 1V 7 N o o

T AL AR Y RS A S Kupied ™
2 R A ARLAR U ARG 50 125 ok S D A5 A5 1) i 2 SR

ARSCAEFHE 1— 1 419 copula B ALk FUM 2 ¢
AR A B AR AR B A5 0F VaR, Il i 1 5K
FeRE 30 1 p-value >R 40 W 100 235 2R 09 o i 3. % 8
SRR TS ¢ AR i AR 3R 30 2 4 A 0 T Bk
GO A ARAE BT P UG, % 9 BRI ¢ AF IR

B 03 A T G 43 A 35 R R B0 T TSR A B B

(B Her 275 B0 2k I 2 B A (0.

MR 8 AT LUE 78 B AR AT 43 5 H 10 %6 .5 %
FI 126251 B Y 3 AR LAAR w3 1) A5 aE i T )
R A5, 16 B 38 3T copula B BY A5 B 1Y 5514 VaR &
S RTAG o ELAS A 5 18 24 M 25 R T 1 A A P A 6 485 4 38
NRE.TE T A A R o R 2005~2006 4R RA
30 3G 6 U5 I A — O ) JREAS G AR T S S A R
AT AR P E RS T T B4 v A REL TN 9 AT
DL 24 3 29 M 28 300 25 4 A oA S0 A 1 000 90 R B
HEE T B YT R 15 B i 2 MR 1 43 A Bl R () A2 Ak
BOR. R 3 AT LLE Y T — A U 1] Y i3 20 A
R T E R SO (R B D02 3 g T 4 SR v A S PR
i 24 RS, 2 22 D) 3 8 000 I A 52 B 338 249 XU . 1
I A AR 50 4 J5E PR AE T 4% A 4 B2 5 29 Bk 58 100 722 AL
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Tab. 8 Likelihood ratio test results of CVaR forecast of listed company of each sampling period

(The probability of default edge distribution is known)

a=10% a=5% =1%
ik WA ) FEA R - - -

I p-value I p-value I p-value
2001~2002 1074 0.101 5 0.871 0 0.046 6 0. 600 4 0.008 4 0.583 0
2002~2003 1142 0.091 9 0.358 3 0.046 4 0.573 3 0.008 8 0.666 1
2003~2004 1209 0.096 8 0.707 1 0.045 5 0.465 5 0.009 1 0.749 0
2004~2005 1308 0.100 9 0.912 1 0.051 2 0.839 8 0.009 9 0.982 2
2005~2006 1322 0.139 9 4.33E—06 0.077 9 1. 56 E—05 0.016 6 0.026 7
2006~2007 1379 0.097 2 0.725 2 0.047 9 0.713 6 0.010 9 0.746 8
2007~2008 1490 0.100 0 1. 000 0 0.048 3 0.765 1 0.009 4 0.812 9
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Tab. 9 Likelihood ratio test results of CVaR forecast of listed company of each sampling period

(The probability of default edge distribution is unknown)

a=10% a=5% a=1%
il FEAH - - -

f p-value r p-value f p-value
2001~2002 1074 0.101 5 0.871 0 0.066 1 0.020 7 0.005 6 0.112 8
2002~2003 1142 0.030 6 0 0.007 9 7.7TE—16 0.002 6 0.002 9
2003~2004 1209 0.137 3 3.84E—05 0.078 6 2. 40E—05 0.027 3 6. 29E—07
2004~2005 1308 0.182 0 0 0.164 4 0 0.042 0 0
2005~2006 1322 0.193 6 0 0.018 9 3. 44E—09 0 2.54E—07
2006~2007 1379 0.031 2 0 0.023 2 3. 78E—07 0.003 6 0.006 2
2007~2008 1490 0.049 0 5.39E—13 0.034 9 0.004 8 0 2.54E—07
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