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Abstract

This article we investigate the valuation and risk management issues of collateralized debt
obligations (CDOs). We use the naive approach proposed by Bharath and Shumway(2008) to
avoid simultaneously solving the two nonlinear equations in Merton’s model. And we construct
Copula functions to describe the dependent structure because the contagion effect of collateral
pool has an important impact on fair premium of different tranches. The risk of CDO tranches
can be measured in various ways, and we present two risk measures by Gibson (2004). The
simulated results show that the equity tranche has relatively more risk than others and the
uncertainty of realized loss would become insensitive to the maturity of CDOs. On the contrary,
the protected levels of the senior tranche would be gradually weak, thus its leverage numbers
become more sensitive. Finally, in comparison with Merton model, we find that the increasing
amount of unexpected loss relative to expected loss computed by the naive alternative model
significantly declines, so this implies that the accuracy of estimated realized loss increases. We
conclude that the undervalued default probabilities would be improved by the naive alternative
model; that is, predicting the default events of CDO becomes more accurate.

Keywords: CDOs, Merton Model, Copula Function, Contagion Effect, Leverage
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Gibson(2004) & FIH LRI 26 /0 SR FUITHRAC SRS AT AR H AR LE
B> MRS IR IARAAE S DA 0 23 W PO IR SR PR DM RE R R SR I IR | 2
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— ~ BREEEL
1K EXFF3 S F (International Index Company ; TIC)AiwBIE (RE5) » AZCEAUTIEH]
TPFSEMAE BBB DA EISERSE - (ERANHSE CDO HE AR EE - [ s
21 7%~ PESEERTT 5 R~ GRS 3 FERIR A 3 % > JEEE 32 R o BESH A A LA EA
BEROLEHTE T i CDO {HERH SRR 3.2 (BT > AU CDO J3 /i PUtE
JIERREAL > AN 1 e At CDO fFHEIIHRGE S 5 A - ST B —K » 54t
REELE 20,000 X -

& 1. AR RMERE 23 B

GyoSFERA FOHEEE(9i)  IERSERS) FTSE(TH)
M2 7325 (Equity) 0 3% 9.6
WIEIEAT (Junior) 3% 6% 9.6
RAEAT (Mezzaniae) 6% 10% 12.8
S IEA (Senior) 10% 100% 288

ASCMEH Merton(1974) AU > (LEHERERFAHE FE S A 8K T2 nTRETE « FIHAH]
2006 it —E2 7 H &R » THMI 2007 HYEFIHER » JRAESE N B 5 R ER T N —
RSN FIRERI R > AR AT s 2R (TED) BUSHa PSS =05 b A A A H R
Ehb > RUREIRE ~ FE eI ~ R AR A -

FHEE RSP RTIRIE I A& R - A3t E Merton fEAIANTTEIERAAE > 735
FERYE FE o BRI B - (I Newton-Raphson Method SKf#(3)FI1(5) HeFEaRt Jife=t -
AR A ZENE T E L R P RS SER A EA SRR - S
RERER 2 -

o B 7% B ERELEA I ELSUE - A3CEE Copula BREHHITEE FEERT 2 A
BT A4 CML 11312470 Gaussian ~ Student-t L5 Clayton Copula(Gf 6)13K$5i 228 - 7

fe2 WAL Rz 758 Copula 8553 BIHE I —AH BEBE A (uoupsm,) AR

W

t*

F () = inf {o1F (1) >, ) HERSEE LA 2078 2 AT » FRRSEE SR SR T4 45 1
YR TEMERIE -

15 : CDS WE FHEFSE E RS P 25 Bk Fitch/Moody’s/S&P 554 £ BBB-/Baa3/BBB-L |
#E 6 1 AHSE Clayton Copula 228 ffH:(liaHE a=1.54
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2. FER S REE HER B AR TR < &R
EFEE A FEP ) FERS TE PRSP E)  EfEFIEE
GHYES 88,891,836,805 0.2442 78,492,000,000 0.2765  10,596,143,500
=] 368,747,239,125 0.1204  309,452,000,000 0.1435  60,414,492,500
R 494,357,993,754 0.1425  413,928,900,000 0.1702  81,947,268,500
=Kd 365,700,706,158 0.1148  301,058,000,000 0.1394  65,862,898,000
ki 429,045,603,397 0.1706  382,433,800,000 0.1914  47,491,645,000
hE 66,219,541,376 0.2627 57,077,500,000 0.3048 9,314,606,000
Eifais 42,137,499,312 0.4418 38,750,400,000 0.4804 3,451,034,000
st 68,409,841,537 0.1298 43,033,200,000 0.2063  25,855,649,500
HEf 167,186,803,312 0.0702 57,212,800,000 0.2053  112,049,866,000
I 57,483,251,270 0.1723 41,140,000,000 0.2407  16,651,745,500
rhss 20,761,039,333 0.3943 19,219,200,000 0.4259 1,570,943,000
B 6,499,162,990 0.2625 6,383,200,000 0.2673 118,151,900
=20 29,418,924,796 0.1412 20,457,400,000 0.2031 9,130,682,000
SR 20,609,331,766 0.1348 9,531,850,000 0.2915  11,286,580,500
AR 58,512,508,864 0.0869 24.980,900,000 0.2036  34,164,549,500
IR 74,133,314,537 0.0397 16,717,050,000 0.1759  58,500,050,500
KA 96,547,790,807 0.0632 20,695,500,000 0.2950  77,284,162,000
B 86,299,288,832 0.1364 32,499,250,000 0.3621  54,816,201,000
JLKFE 163,626,359,942 0.2017 86,262,450,000 0.3826  78,824,790,000
Tttt 63,979,702,338 0.0789 19,670,000,000 0.2567  45,146,091,000
i 431,836,733,041 0.2406  387,423,000,000 0.2682  45,252,084,000
EFEE 1,683,784,021,094 0.2664  1,634,717,410,000 0.2744  49,992,789,500
=% 192,300,906,377 0.1567 110,709,550,000 0.2722  83,131,470,000
TRk 215,461,000,000 0.2712 158,916,000,000 0.3677  57,612,595,500
(B¢ 32,854,899,274 0.4041 29,664,000,000 0.4476 3,251,130,500
MGE 576,220,074,859 0.1825 343,056,900,000 0.3065  237,564,353,500
hHEFE 636,371,365,239 0.1235  585,820,200,000 0.1342  51,505,366,000
Bl 57,832,297,195 0.3761 45,714,150,000 0.4758  12,346,924,000
Mg 1,376,064,605,539 0.2908  1,201,560,000,000 0.3331  177,798,544,000
¥yrh 17,105,612,903 0.0456 4,841,000,000 0.1610  12,496,119,000
(MEGEF 69,614,982,405 0.1340 29,296,800,000 0.3183  41,079,262,500
BEEA S 190,130,742,369 0.1739 168,966,200,000 0.1957  21,564,043,000

it o RIPAURERSIZEIR o DL 2006 R H Hr e A e (bt iy s ST KMV #8E L1
FETEREN L 172 RITE AR - SRR — IR BT A EHENER(1.85%) - IR —MH
TEJ JE{FHURAE > iZi% New-Raphson iZi#H Merton {5 IR = SN 228 - B IT{HELEIAK -
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=~ CDO fERfEZIREHRSR

METR I ZRE AT CDO T 3 i e RSB ERERFRH ARG AU ENL - I EERERR /) 231
BRI EEMAY53: > 2% 3 Y1525 E M Gaussian ~ Student-t LLjz Clayton f5
TEHERFAL D 2R A PE FECE - FHER 3 BT ANAEER BE A (UFE Copula K8 > M/ 231
EHEERS - ICENBRLZ3HIE FEENRR - FELBEGERI IR 5 -

7 3. B ZME A At
bl Ji4E Merton f5i/ f&j 7 Merton f5i/l
Gaussian Student-t Clayton Gaussian Student-t Clayton
HERSE 4.4283% 4.2087% 1.7744% 17.9422% 17.1355% 7.8794%
HIRRNERL 1.5447% 1.4386% 1.1343% 8.5143% 8.3871% 5.0655%
RANERL | 0.5589% 0.5956% 0.7986% 4.7574% 4.7583% 3.8012%
SAEIER | 0.0128%  0.0171%  0.0897% | 0.2083% 0.2274%  0.5279%

l
l

ANF] Copula BREECAHE R & SRS AN o FHZe 3 Rt AR - MRS ZR DA
F Gaussian Copula 7S FE 2= s © K2 B Student-t Copula » Clayton Copula Fifit iz
B AR~ JefBEEAL > FR RS 7S » L Clayton Copula i » Gaussian Copula
e FEFALY Clayton il Student-t Copula BEibEEEAERIPE /7 Hfz - JLH Clayton
Copula » 5 SR A FERIUE MMEAHEREIR R AT AT REMERIE A -

ERERFAELEA R M KRS - AR B A A S ARG P B2 FIRSERTE
RIS < SRR R o MEIRSRA(E HERT ST AT RS AE SRR L Mim TR K » ARIMAHE
AR AR HIBER NG K BT > AR oI ER IR ARG DARHR. » 2 (5 F(E SR A]
BEAR » Sz A (ERER A ERIAHRR PRI » a8 A S0 n REMEAH BB > RIIA#ERS /)
IR B SRR R e KR = - TR 50 27 2 A5 FE A B EMREEF I ER I R B r S - Tig
T Gaussian Copula fEERELS 757 (8 FE 7= 557 Student-t 2L )z Clayton Copula ;7 5[] »
IR ~ SelBNERT 3 ZR RS R nT A (ERER A A BRI > S8R (AR ERI Y v
REMEBS - FIME I SRR I 2 AR AR I AE > B KA ~ SRBIEA 7 7R RE N R
JRFTRESE B R B M T - BHEHRIC A = s B R = 1 P A2 R
FHE - IREIKER ~ SelBIEAL> 25 2 A5 PR 2= B ERE E XA R I 2 (EAHRH -

A ZU(2007) Bl e 51 [ (2008) 3 HHEE Sz > Merton 5 RIS 1 S M R AR A SR8 2 0-Hid
o HEFMIERHR BRI ED » RIEEASSC 1] Bharath and Shumway (2008)1
i %5 Merton F5A8Y » PRI FoltAofsst i =X » 200738 FIME 2 A R BRY IAEZR 3 < #8
ks = S A ERT AT REME AT B8 S - PRRRER 3 AYfUA Merton £ - BSOS M
2 ME FE AR B BT 85 - 1R [FIRY Copula BRESCEHE FIE 2R 52 B —200 Bt
AR

AN AN RER [ S B 2l 0 ZR 5 B RS2 « IS BIRERS /0 ZR BT R
[ RAH B ABNARL S TR B iU 5 15 FIEA IS - 43235 FE RS - (5
FhE 2 BiE . » BRKFRARI 3 25%5% - MRS ~ WIRRIE BB AR A 0 ZR R 5 E A [ 2RI
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2. (EEEANER IR 285
ko B A R i A Merton AU S A5 R ] RS 25 Merton AR > ZKAREESEATHIEAR - ARl 2510 S35 HIE7 o mmmmGaussian Copula ; = = «Student-t
Copula ; « ¢« «Clayton Copula ©
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b HAE IR BBURIIAS R o B RBNERLIZRNE - (FHEAASEANERES 0.4 5
5 BT NREAUEH S B Galiani(2003)AE R —2 o S KBUIAALIZR B — K kb -
[FIRF A2 ZIHE 2 3 25 B IENERL 3 23 M SSUE LR » TR S 23 ] S8 A3 > AE& g Im]
R 0.2 jif > {SHEZBNEMNERIEUIRIEL - AHERERINISRAE 04 &5RI1 - Fhlie
Clayton Copula » FGEFI IR R i B AN 3235 A R B E N — -

Bt > ASCERAN Gibson(2004) g iy s A E 17 i 1l 5 Y UGS RUIYY LB AE > R LA
HOM RS2 93E CDO (AU N SR - e ft—REhm it o -

= ~ CDO IS B T

7 4 B SR R IR R K ETHIHIR R AR U AR - BIEEER 4 15950 > fism TR S
JE\E R DL R AEAT e S > /EAHIA] Copula BES T » HUbmi s iIRERE /377 » HARIRE SRR
MSENEN 3 R AR > BURHY T =il > =gkl | 2 FEPE - % 4 19 Panel #UR > 2[R —
9395 NEERTANF] Copula BECAIMERRAEHINY 22 - EIRER BLPIELL 327 0 > A
Gaussian Copula AR RS » R 5% Student-t Copula > [fij Clayton Copula HIJFZ{K 5 2
BUCEIRRI 377 - FEREELL Clayton £7K @ f/[NRS Gaussian Copula » HAS R —E4F
FE A o

3+ 4. BHr IR AR SRR
Panel A: J5i4& Merton f5i7E1

Copula k8 ME2E 7155 HIRRERL 5355 KARINERT 5355 vari=1|[EiAza
EL UL EL UL EL UL EL UL
. 19.96 17.02 7.35 9.22 2.70 5.08 0.06 0.23
Gaussian
(19.49%) (57.45%) | (7.18%) (31.13%)|(2.64%) (17.16%)((0.06%) (0.79%)
Student.t 19.39 16.15 6.97 8.62 2.93 5.20 0.08 0.28
udent-
(18.61%) (55.91%)|(6.69%) (29.85%)|(2.81%) (17.99%)((0.08%) (0.95%)
cl 8.56 6.33 5.54 4.88 3.93 4.04 0.45 0.68
ayton
" (8.17%) (34.46%) | (5.28%) (26.58%)|(3.75%) (22.02%)((0.43%) (3.72%)
Panel B: f&i2 /4 Merton F7E
) 12.51 9.94 7.51 7.57 4.62 5.69 0.22 0.41
Gaussian
(56.04%) (102.62%)|(33.67%) (78.15%) |(20.69%) (58.69%) | (0.99%) (4.27%)
12.10 9.55 7.39 7.33 4.59 5.54 0.24 0.44
Student-t
(54.48%) (101.27%)|(33.28%) (77.67%) |(20.66%) (58.75%) | (1.08%) (4.67%)
6.74 5.09 472 4.13 3.68 3.60 0.55 0.73
Clayton
(30.36%) (74.35%) |(21.25%) (60.30%) |(16.58%) (52.61%) | (2.48%) (10.66%)

af © Ferft EL(Expected Loss)f {7 245> 25 FHIHIEAS B © UL(Unexpected Loss)fiffiz HI 5 THIATE A4S
B OBBESZFIIRLE -
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> AL %) Merton HRAUELEUS Merton FRAUETSHLTHAEARSH - ERER 2
Merton FRAFASEFIBRAEAE FTREME B E - HIIFE 4 1) Panel A Bl B » JEGHTHITIASAA
PR FHIHE AR 3 - DI 23 1T = > 15 Merton IR ERAEAR (ST
J5ifs Merton AU - SCBIH ~ SefBNERL 23 B AIAEE Bysr - REAFIFIRE 25 Merton
R > 2873253 FEPHIHRISRAT TR ISR IR R KA I 4 Merton BB - (5]
% Merton FERIGETIHE SR AT 1 TR > SIHTHAG IR R Aa e » MUK Z) Merton
TR N SRR TR S RE I MBS I LRI ) -

Het% > PR CDO il AAERAE S8 (bR 7) - FZ% 5 1Y Panel A » £ CDO {748
S - B ER A B AR AT ST HERR IR IR - S I 2 /) R AR B
FEFSFETE > LhRde i IR AR MRS AR A HEE N (E YRR > 23R TE R
KA - BRAESABENERL 3 235 FERFHRSHE - A2 BIRIPRERMEK - SEEUT IR AR
SRR EE TE R SRS SO AR SBERr eI iy S8 BT S > Sa (s gese
P—HERRHUE, RSO A 2 A AR L ] > BRSO R A AR R A 1Y
EREE  AgTeERIGHE - HEAF SRR IS - AL BTFTESIE FIEE
WET A DU RIS 0 2R TR » N R 023 R A A AR < BTIER
EISCRRUSE o b e 2 A TR - (R EEE S IR AL IR P2 - SUIRE R e > (AR Rl 12 101
WEATATRENE » IERE AR 2 pd SRR (2009) —2 -

25 [/ Panel B #UTRHERR /23 (N FFUUHEAARAR S BRI - HLBEIRF RIS Mg © o

FREIIANE R I E SR - A H A E R RIS EFIOIE AT SO B/ ) - BRIWIDE
T M SRR ARy - R R e BRI 23 nT REE A2 B RIIEK -

1h ~ A

SR EERGE AT TR &) - Frh DUE PR E R I 2 o e i Ry TR
e PRSI EEE S L — » BFIR H B R E R i e i Bk
A AHHEREE S IR ESIEANE L4 20 - Hull(2008) s e f S -850 S 1IERhZ
(B HIFFE > BRZ B PGS » ASC ST Bharath and Shumway (2008)(1fi]
% Merton I A CDO (5 FIEZEFFME > #5180 Copula B b SEHERFHLZ [HI &I
B TE > S EAIRR AL - BRIFMER O ZME R ARHERL © Ib9h > 21
Gibson (2004)/1yE\ b S F5EE - J3AT CDO RIS IIRRAEARSE - TS 25
JERIIURARIE - SRS o FRPYHERR 323 R CDO RILRIBGERIIER 25355
I EHEE IR i 2 BRI )RR G BGEAT < P REME » NP e /0 23 (5 F(EE
B A AR TE 23S » AT R BRI S Bl i SRR 48 4 (1) Student-t fz Clayton
Copula > #2373 HILIF] ] Gaussian Copula f51 (5 B A= e = - EAMER /025 K SZ TR
AR DB~ SelENERL 23 AR AN E MRS R RBU » IXIE A A (B BLE A A B
PEBRIAFESS > HopZ3E LA Clayton Copula Ry iy ©

7 1 A RIEBR I ARSI 4G Merton 557 NS #E CDO frE AR RIS MIT » (HHAS SRS 5
Merton FRAISK Y RIRE



K 5. {511 Merton BRI AR CDO (UM UL

PErR (TR

B g

Panel A: FUIJHEAAAR(SE

(SN WEXR T3 KRN 7325 TARERT 353 SefRIERI 23
Gaussian Student-t Clayton|Gaussian Student-t Clayton|Gaussian Student-t Clayton|Gaussian Student-t Clayton
0.5 31.392  30.562 26.975| 1.886 2.158  3.871 | 0.038 0.401 1.312 | 0.000 0.002  0.024
1 27.061 25.566 17.993| 4.816 5.300  6.421 | 0.935 1.393  3.057 | 0.005 0.018  0.158
1.5 23.153 22380 13.736| 6.518 6.494  6.512 | 2.026 2284  3.764 | 0.028 0.043  0.263
2 20.266  19.715 11.310| 7.462 7270  6.196 | 2.745 2945  4.063 | 0.058 0.074  0.340
2.5 18.355 17.796 10.046| 7.795 7.660  5.883 | 3.238 3458  4.035 | 0.087 0.100  0.392
3 16.640 16.133  8.935 | 7.899 7.812  5.579 | 3.777 3.855 3984 | 0.114 0.130  0.440
3.5 15.357 14.851 8.203 | 7.863 7.757  5.323 | 4.085 4138 3911 | 0.143 0.161  0.475
4 14.237 13.768 7.641 | 7.746 7.652  5.079 | 4.334 4401  3.820 | 0.171 0.187  0.505
4.5 13.268 12.894 7.161 | 7.690 7.521 4913 | 4.511 4498  3.744 | 0.195 0.214  0.529
5 12.507 12.098 6.740 | 7.514 7.391 4719 | 4.617 4.589  3.682 | 0.220 0.239  0.552
Panel B: JEFHHIFRIARAE I
0.5 31.138  29.568 24.195( 4.206 4918  7.486 | 0.243 2759  4.603 | 0.000 0.038  0.125
1 25.285 23.186 14.216| 8.621 8.767  7.659 | 3.352 4.119  5.044 | 0.065 0.117  0.396
1.5 20.627  19.549 10.512| 9.403 9.091 6.687 | 4.676 4.897 4.853 | 0.131 0.178  0.513
2 17.517 16.752  8.630 | 9.485 9.078 5987 | 5.139 5236 4.665 | 0.199 0.240  0.573
2.5 15.522 14912  7.620 | 9.245 8.946  5.507 | 5.372 5483  4.407 | 0.249 0.273  0.615
3 13.861 13.335 6.795 | 8.904 8.659  5.112 | 5.643 5.606  4.198 | 0.286 0.312  0.647
3.5 12.611 12.098 6.223 | 8.551 8285  4.799 | 5.720 5.639 4.014 | 0.322 0.351  0.673
4 11.549 11.106 5.776 | 8.180 7.950  4.527 | 5.751 5.687  3.847 | 0.355 0.381  0.696
4.5 10.679 10.274  5.408 | 7.906 7.621  4.327 | 5.745 5,610  3.713 | 0.383 0413 0.714
5 9.942 9.553  5.088 | 7.572 7.326  4.127 | 5.686 5.542  3.600 | 0.414 0.441  0.730
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