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Abstract

This research follows Dorn (2010) in assuming that credit index spread resembles a Lévy-
jump diffusion process, in order to derive the pricing formulae together with the hedging
parameters in closed-form for Constant Proportion Collateralized Debt Obligations
(CPDOs). By introducing risk measures that are of concerns to credit protection sellers, we
analyze the embedded risk characteristics of CPDOs, and propose delta-neutral strategies
that are feasible to hedge such products. Our numerical results show that, under a volatile
market scenario, CPDOs exhibit low rates in achieving the Target Bond Price, and an
increased likelihood of their Cash-out events due to aggravated Shortfalls can provoke
substantial losses being incurred to investors. We finalize this research by providing
benchmark measures for the proposed hedging strategies under different market scenarios
and we discuss the impacts of different hedging frequencies on hedging performances.

[ Keywords ] credit risk, Constant Proportion Collaterized Debt Obligations, Lévy jump-
diffusion model
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(3.1)
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Horpo o AR — Kl e & HARE R B - (3R E B AR B 9 Eh =0 AR A7
MR TR LR R & 8 AR - SE I R AL L R RE P2 SR AT e B I AR B =UER L - T2
SRR BN - T c o RERE — T RS E A R RIS RS - (AR EE
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—hk) o IR ALAR LR S -

MEE R RS AI(E FHRbE 88 - R E LR e & i S H S BRI R R 3R
BRI It iR b B A B REE AR T

EFE 32
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Lev,, = (TLP(t) ( ) xG = TBP((t)) X 3.2)

N (32 EE  EHBRSEESZHEFE AR o Hrh & EER
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JEFEIE - T IR B & SRS =R - WEREERIEERZ KN -

FH Pl m] R - Ry E T E R (E TR BEZE Z R - A - FeffiRExEH
TEBE 2= BIREEFEARTE Lévy PR IEEURAAN T

TE 3.2 ¢

N,

1

(S(/(O)): (0.0)-Br)i+ DY, (.7

i=1

334

W 1213-AKEFF-41%.indd 334 2012/12/20 T4 02:47:11 (



2= ﬁ'ﬂ‘:’%% %23 A% 14

ERERESE C BIREEAETR - IRIBEE 3.4 1541 » BEFE B2 K » i ER&EME
B 3.1 154 BEAEBCEE A RGBS hEETE IR - K EEAES
RN R (S e BUE 2 2 phE - DUT - M 3.3 HEE S E & fE 2 ik Ay Bhreiafe -
ME 3.3 :

N, ‘
mfF@ ):QMW—Geman—mo+mam¢+G§hgﬂan=J*“

i=1

SF(0)

Hrh o SF() B RE 2 B GES OSSR - G BafERy - 4 RalE
BB IR - v R § KM PR IE i R R -

CEHE LB PAMRERE T » DRb R R H B e - L S48 5 2 < () TR DL —
HYE L o B i TSR R AT A L L L S R B 2SR R B BT R
7 B R (355 2 B S AR HO AT T B -

HEzm 3.1(3F Y -

e—r(t,T)x(T—t) . EQ [(SF(T) _ 0)+ | Z_in > Z",L_out S t]

o0

— Z (77) e 7 x e—r(t,T)r Z V(SF,k)
n=0

n!

k=—x0

_FW@]xfgj[Nwo=m%ﬂ»k=%+l

t t

U Jp B B
(Htj |:N(dl)_N(d2):| , k=2j

t

Hrfy(SF, k) =

fEam 3.1 TR R R R & BN — S 1 - HRIESEGRT U, ~ D, SR EH
BA - AIET R HAE IR ¢ o IR RS DU — Fr B S A B RR A S R I S A & T (L
Z o HEEREES B R B RURRA SR IRMER G PE & U, ~ D, B8 - (ELERFIRL ¢
BEIHEEIAA < BALBIR KR T & AR L ah ATk < 7 B -

=~ JE B A
(—) Rx#E=EET

HEGm 3.1 SRR B BB IR g - S — A B S AU R S A - FR
A7 V] S T S5 HHAE 2 B = 5 FU B A SR PR Y A B 2 B (Greeks) » 05 FHIE 2L a5 A1
T 51t [ 7 L E S (B 5 & R i -

At R iEiE R o IRITENS THESS 3.1 SRR - A BB EE T T DR (S SR AUAE BRI HE LA AR -

335

1213-AKEFF-41Z.indd 335 2012/12/20 T4 02:47:11 (



BB T B YA B AR AR SRR RN A o S L 8 e A

HEEm 3.2
Fr B S A TR RE SR PR A ) B 22

- » d))—n(d
(SF())’ 1X(U%H)IJJ{"(GI)\/%(ZZ)+p[N(d1)—N(d2)]}, k=2j+1
t “\NVn
Delta(SF,k) = e - -
_{r@n{?QJ n(d1) = n(d>) Y
D, ) | SF@t)-G-/ns?
[ngt)] (Utj {4;”((;3T) H[Sf]ft)}+4j-:-(3t,T)ln[%j}
Vega(SF,k)=1-[N(d)) - N(d,)] , k=2j+1
. Jr N N
e 41'2_(3”” h{%].(%j {N(dl)—N(dl)} . k=2j
s (DY Gu™ -GQr,T)- By)+r(1,T) N
_[ i j X[Utj . s {n(d))~n(d,)} . k=2j+1

Theta(SF k)= (a7 ) (017 )
n -n
1722

G-\nd

(Gu"™ -GQr(t,T) - fy)+r(t.T))- an[<)Nmﬂ k=2j

P
e Q
Dt

HEGm 3.2 FTAIH 208 AR I 2 BV BT EARR - HEEEDEIERTE R T8k A - fEEEPUETEUE
ST - RAPTRFER FEE R ERE - STRE P A RIS ERUA IR 28 - WS SR E S
M T RE G B R B AR T SR
(=) Rx#E=I81F
1. SRR S fise F ]

wENE s - Rk B B RS HEn56 HAB B2 5T R R R iF B A == 0 =
400b.p. » {EEMHEBNRIEHEAEFEG T R ZFFEHR AAA EZF - EEPEBESR %
EANHENETAHFIRIE S - (HILE R HER S T RAYE L&) =NE0 Ak iR (5 FHEL
AHRBLAIFTER  B » & AA LNV ES SR EZEREEHENY - Bl EE
U & LS B (B - A RERIZ NG TSRS o FL26 88 S Z RF S TIE A
ABCEERERAHERE R [R5 AAA [BEZF TR LRI A -

AT - E@%ﬁﬁﬁﬂiﬁﬂﬂiZH%%& AAA {EZF B - FRAM R I R S R B H

EEEEEZ AT SR 2 RS R NS - MR REEE - 55

336

W 1213-AKEFF-41Z.indd 336 2012/12/20 T4 02:47:12 (



2= ﬁi—% %23 A% 14

FHGEE E BB 2B 2 B N B EAEAYRERT - PR AT A RS A Ml R s s B i EY
SFEg o BRI 3P M B 25 B ISR > BRME R E BE E L EH ESEE
NZ P EE ER -

2. EREEEELLE]

EREE B EELEIAE EJ7 R - IRMESEREEEERE T - nIEtE AT
FEEABEZHRORE BN HAREEREEEE  EEE AACEI R LEEETR
BRI SZ A R Z [R5 AAA BEIRIIEE - ILEREERTENRRAERZ  FEA
HEEHEPE N ER A EEHENES S - MES LT AR BRI - IR 5
ekt - B ANAIRTDUERALE - SR E G BRBITENE @ e HREGREZ A%
W AAA B - R E WEHGZENFER 0 F 400b.p.

3. SPHE EIEA

SPE EEHE AR & E AR ORI PR T R - FIFEZEE R
fEEgEny =0 AT DR SR R A E R FrE 2RISR IR EN RS
B FREFTE R B R IEECER - BIAT IR & ATERG S0l B T 7 i E SR
B e R REESER A E B RN - SPIg&EEZFHER -

SN i o
FERT— BT P FAFTHEE H R s R Fr B M RS R R B E /il & KA
P E A\ PTG R R AR s - ST ENREEER BT - LR SRS AN Ak -

MHE 3.4 :
SF"(0)=SF(0)+SF(0)Delta(0)
SF(t)=SF" (t—l)exp[{G-yTBP = G[2r(0,t)= By |+r(0.0)} 1+ i Y, (3.8)
7,
SF"(t)=SF (t)+| Delta(t)~ Delta(t 1) |- SF (¢)
Hedge Income = SF*" (t)- Delta(t —1) (3.9
SF(0)- Delta(0)
Hedge Con Z{Cost(t):Cost(t—1)+SF(t)-(Delta(t)—Delta(t—l)) 310

A (3.8) M T - EETEIEEE %R > AR EERE B OEA - FLEk
FEA AR b 2 & E B E B BRI - BRI AT A S & - (R Tl 2 1%
Bt Al LAt S e R i & i E N R Y - Al DUETS 2 /D5l [l - F R e b I

337

W 1213-AKEFF-41Z indd 337 2012/12/20 T4 02:47:12 (



BB T B YA B AR AR SRR RN A o S L 8 e A

A (Hedge Income) ( = (3.9)) ° [AIfxHY - d@FERFTA EEE A (Hedge Cost) HAZHAN A
Z& (X (3.10)) - TEEEVUETEE /AT BhREEE b A =R o S R b e A& et R 2 -
AL FRAM R a T e A [FEEbs AR N - H s i FIR & S AT

E2 ~ BUBREREDHT

TEAREHR FRAMFE AN SR = B AT L 2 BHEm AR - I [EE LU E S E R T e E
ElE\ b B LA - W R IR EEERE R o AR =R Al - FRTRF R DL — AL
GRS T AU RG R AR B - R . — & & 2 Fr B S AR
SRR B oA A M E SRR o R T GRS &R ARG - K
Mz andals 1 REKIE 2 EINE 2R E SR (Out-of-money and Low Exercise
Price Cash-or-nothing Call ; OMLCC) ; 2. {KJE#I{E 2 (/N E& & sl (E E #E (Out-of-money
and Low Exercise Price Asset-or-nothing Call ; OMLAC) ; 3. {8 ¥ ¥ < sl (5 5 ##
(At-the-money Cash-or-nothing Call ; AMCC) ; 4. EJEE Z(EINE ZE s EE(EE R (Out-
of-money and High Exercise Price Asset-or-nothing Call ; OMHAC) ; 5. =/ERIE Z E4)
W < 50 & B EH # (Out-of-money and High Exercise Price Cash-or-nothing Call ;
OMHCC) ° FA TR 2% @ B E A5 L 2 B L s L e N R B 15 S i e N iy b i 1 - [
Hh » FEHDE SO SRR RN b 22 B - MHE TR L L PR 1 — By REREPm B - RF
HEfR A — BRI AR 5 & - (E1S I an S LUE S B REF BARAR 2 AN T ik - $2 48t
P T R EE R

— ~ [AI5E FE B 5 1 % 2 A
(—) A

BE s LA —EE LA ERES - 0@ 4.1 Fr 28 - AEBEE K $100,000
B A AT BRI H BB (SPV) » TR H BB st L % & NF4 Libor +
400b.p. FUEEE. - ReHA+H4F 5 55— - Ry E It BAE (BIRTEMEER R E A & E B AR
) » Fik BRI IR & S YIRS i & - &5k Y - H&EEAE
ZRORyE T FAERRE - AIRISE & E TS0 R bRggE - 4R b g3 (E
THESRME FEAKT » HAUSEEZ » EX - EEIFEGHBERMEG I ES 2
g A —BBIRE - DVERUFE)Z Libor FIZE o AR - FEZERF RS - Hi509EHE
AL - WVEENREIREE(E F R IR - [RRZ - B EAEEEAEEE A FDENR -

(Shortfall) #E&A - FRBLEF - PRAFIEAAEIR (S E - DR 2 (5 A AR BRI K SHIE 5
RER A 2 T ERT AR - KZ - AL SR R B REFH R AR AT R -

338

W 1213-AKEFF-41Z.indd 338 2012/12/20 T4 02:47:12 (



2= ﬁ% %23 A% 14

Be
[ E L 5E 75 EEtpEs 2 > BU-RERXH
BREE — BREE .
SIEA HE WM S, mams
1254 1R
AR
EREEHEE

B 4.1 BEELEAIBHEFRSTRER

EH}FE © UBS CDO Research

(=) B R

LNiE 4.2 FE 4.5 Ak - FEAEEIRIBEREEkEE % (Jump Intensity) * #5755 0.2 » 1~
[FIHIFERE PR TE & (Jump Size) BE T (4508 1.7 » 1.95 » 2.2) » nlEEEEHI LG L ANE
ARG i FHEE S - WREHDE g AT ER R 2 & E HAR S (Cash-in) BUE E
FEA B HIES (Cash-out) ©

1101
S NAVt
N TBPt

1081,

106
i
2
S 104f
[}
3
2
T 102F
© \,
> \\ S

49"“‘
100F. " N
My
: '«.s,,‘?‘ L T —
98 wv‘"‘ql‘ﬂ»aw s gmmtir i
96 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

time(year)

42 IFR—EBEFERE

ATE 4.2 Frrisifie H LL s dn A EHEERE - 12 (5 F T 5 (8 2 Bk e o (K L b e Mt e~
HEIR AR - BT - T EREEREREEEERPE R R - EEEAEES
R 1 52 ZEHN (B A E ZE R Rl N - R 9.5 SERPER HAREZFER M S - E 1
—/NEfiTh - FRAPRS R R R R IR RS AL S - IR R ST L A Ry (T RE
EFEFHERES -

339

W 1213-AKEFF-41Z.indd 339 2012/12/20 T4 02:47:13 (



BB T B YA B AR AR SRR RN A o S L 8 e A

[ 4.3 Rk b hrbe Bk p i 2 2 s SR i 2 5 T PR HH U P o (B AR - [AIBE
% Bk i R AR SR B IR I - (3 P E A RE R s Al A A e Th 3 A 1) B Bk Y BER A
1 EFE S ZEK - EMESEERE ISR o T~ — Ny E b mE
I3 1R — 2D BT L P et o ) A S G B H SME SR (B - (EReERER B AR E

FRIE 4.4 - FATFFGsRbE DR TR B 2 5 RIS RN GE R EEEERE T
S RTREHIIR [ L BkEE - SRR IR HEE SR A A B OB R - RS ER
o R AR R A EHEEREEIE] $10,000 © [FERHE - FAFTRAE T — /DNt E R E RO A
RAEREHEEM SR - E P IR E N R S 2N -

o
1

Q o Q o
> 5 > ®
T T T T

o
=]
=

value(thousands)

',
98r i

;
9%

o4t

92 :
o 1 2 3 4 5 6 7 8 9 10
time(year)
= hE4E — = FH =
43 I1BE_BEFERE
150
100 T o
—— ATtk e
H | |
! B
sol H | 1 |
_ !‘ | 1 |
2 i - |
E |
T
=
©
g
50
100
150 :
o 1 2 3 4 5 6 7 8 9 10

time(year)

B 44 BE-BEEFERE

340

W 1213-AKEFF-41Z.indd 340 2012/12/20 T4 02:47:13 (



2= ﬁi—% %23 A% 14

T~ LB v o3 A

AR SO = Hivh Aramal - AR R SRR S A RIB R IEL - EiE
Carr 82 Chou (2002) Frfe R M ARk Al - PR —REl & 2 BRI
SRR o BN o BTG T IE TR RO (A MR AN (T = s R S By - OS2 st sse fee
FRysE b 22 BT SRR E N E ISR IE T (b - SR8 T IR - BEfS
P TS EUE BRI 2] H SERER S EFHE -
(—) A& B F 8% o H7

ANE 4.5 A > FETE R BEEREPIEE LRy 0.1 ~ FERPURIR S RE, 1.7 > A
F BRI B ARAE 3 Fl ik - BH T EPR S EUREE &R - (S B R E S -
Bes - (ESMEEAEFS & E I E SRR E A - R REE A E AR - SEdk 5
BUEBFHEEEIMEER (E 2 2 o (B SRR PR - (B RS AL -
4.6 QIR RN B RIGERMER GG - FEE R E RS EGERE - F
AR FRAPTREE — 2D E R 2 BT S R R 1 - O LR T > R 9
RIS R ESER S RA -

7777777 upper bounds of AMCC
fffffff lower bounds of OMLAC

value(thousands)

time(year)

45 [FR—BERBZRORE

BIG o FAMSCHEER Delta K72 LETE - & HUREHIE.Z B INE ol E S
R—HERA > KhEESEIGROEREEENTEE) - KIELE Delta E g
TyEEAEZERE{E3R L Delta (€ - HIE 4.7 A3 - RS HT IR HE R
Ry(Ers g HEEE A B AT REE MR E N SN - 5 Delta pREUR
FELERFER AR BIZUBEEE PR 22 - DA LR A (B2 (8 N < mie e (8 B R A Lot T ] P s
LR - (HAGERT A 2R AP ER > FREESEZRCOEETEIMEE) - 515
Delta bR - FEBEEE 7 S0 iR (E RS B Bl b -

341

W 1213-AKEFF-41Z.indd 341 2012/12/20 T4 02:47:13 (




BB T B YA B AR AR SRR RN A o S L 8 e A

value(thousands)

time(year)

46 IFIRE—ZEEZHEE

HR - [E 4.8 HREKIE.ZEINE 7 al i B S HERY Vega Al T 7@ F2 H E 1% 42
5% o [RAER - MR - B2ENEINESERE - (B2 EEEBE IR
AESZ W HGE SRR EAR B ERET - HEERNTEEEE - HREEAEZ
iR e BARIAEESN - 2 3 FRFEAE N - BIE A NGEERE I EINE R
JEFIEERIEIN - Pk B RO BREE T - (AR - 1£ 4 2 10 £ - HI
EEFERERY AN RER Ry BN B2 L B T 4 0 T JE RO EAE -

B 1% > FAMTRFE it [E 4.9 Theta Al 52K 1 fif 55 25 558 5 4 #Y I [ 22 53R 1% (Time
Decay) ° fE=BEHME (BN S EREERE - BIIERAMTE LA ARy - N
MEERNE - E85 TR E NS B - BEEEAE RO TR EIMEE) -
IR [ (B (B A e R A AR R (SO FE R (BT EME A BER AR ) - BEFS RIS AE - %
FEREE TG AL Theta - Ar FIFS - MENIFTA SRS Ry JE e - & HHERERIEZEHN
fﬁ%?ﬁ{éfﬁf%fﬁjﬁﬂlﬁbfﬁ,‘%{ 7 R ] PR AR AT %8 T%*&"FW%&EEJEE@ B=AD e

EEEE AR o HEER G 2B - MR EERESME B e Es 8
B EbE o iR fﬁEEf’JF‘ZE%i’?Fjziﬂﬂé{iéf%f%n%%ﬁﬁﬁﬂwﬂzﬁbﬁﬂﬁ“ﬂﬁ 1=
JEAE Z (B SN <2 B (8 B RE R A B MR 1 I (EE » e 1R & NRERLE L
e AmieF-H5 -

342

W 1213-AKEFF-41Z indd 342 2012/12/20 T4 02:47:14 (




B EIERE 623 BRI

S
S
@
3
A5 i
i omLCC
—— OMLAC
2k —— AMCC
—o— OMHAC
OMHCC
25 . . . . . . . ! ! ,
o 1 2 3 4 5 6 7 8 9 10
time(year)
B 4.7 1EE—EER#Z Delta BF
.
E
S
S
g
. . . . . . . . . ,
o 1 2 3 4 5 6 7 8 9 10
time(year)
4.8 [1RIE—EE#Z Vega BF
0.017
0.01
0.005}- |
o:g__—:&
3
<
5 0.005f
£
001}
—— oMLcC
0.015F | 7 OMLAC
—+— AMCC
—o— OMHAC
0.02 OMHCC
0.025 . . . . . . . . .
o 1 2 3 4 5 6 7 8 9 10

time(year)

4.9 1BIE—RE#Z Theta BF

343

1213-AKEFF-41Z indd 343

2012/12/20 T4~ 02:47:17




BB T B YA B AR AR SRR RN A o S L 8 e A

BT AR AT RO G B R PR BB 35 Fs 0.1 ~ FEREBIPRIR R B S8R 1.95 1 » &
BEEE BRI RS - A 4.10 - TREHEBEEAREIRE 6 Filtk - B 7 {E
R EE MM - S E RSN - JRILE - (RIEHIE Z(EINE E B
BB REN - B 4.11 ALRREEERRIVES] - B E W IRAAYE LRI - EE
MREAERETE - (HIETEE R E R BRI - R P FIRAE s b 2 5N b
B SRR E N - ARRREILE S T - ERIIRpE R ER A EH RS ER -

------- upper bounds of AMCC
------- lower bounds of OMLAC

value(thousands)

|
- ‘@iﬂrv. | i b |
mw,az’iw@v‘@ bt

0 1 2 3 4 5 6 7 8 9 10
time(year)

410 1FIR_EERBZROBE

0.08
—— OMLCC

0.06 OMLAC
—— AMCC

0.04 —— OMHAC

0_02__""""""'—--—..._____7_;,; _— OMHCC

value(thousands)

time(year)

41 1BIE T EEEEE

B SeBETE 4.12 T EEMED Delta RIFRUE LB - (E/MEBIIERITER
B EEEE B AEETET » Delta pREBEEEIE R —E R R - FIATER MR ERHEE
HIWIRS - BB ESNEERME - ZEEEAE ISR OES T W IR R EAN R BN
R > BE AR LB SR E R E NP - N E Bk i R A SR o

344

W 1213-AKEFF-41Z indd 344 2012/12/20 T4 02:47:18 (



B EIERE 623 BRI

PR E R - BERE—MERE « EilERr e a2 2Ny - 8
AR & B R R BRI AT BRI ME B T FE Bk - SR (B g L -

HX > JWMERE 4.13 PRIEEZ(EINEESEEEERE - i R
VIR BN EINEIERE - 2 5.5 FRFEAEN - fESPENERE T » HREREAR
BN R I B LRGN - BEHERR By AL A - {EE] 4.13 BERERH - £ 0~5.5 £/ -
B IR AR BT RE AR 0 0 5 b T G I T IR © Bl T2 5.5 4% - RIRs s
RS ENZ W BN - 6 Vega PRI+ Fit s SR I A1 B REERE -

Btk > BATREEEE 4.14 1Y Theta (KA 721K T 5 Lo SRRV R ZERTE - FEER
E = 2 EYMR B E SR - BRI M B BB A H By - A RN RIEEN TR -
B REGRENA GENGHEEE - EEEERE IR EEEIMEE) - FFHEE
ERMERLRES - AR NS A28 I E A AR B LR - ORI 7 0 7 REE Y
PRI E(E - (HELE S — O ([E 4.9) - HEFHEETZREE - SFEE T - £21H
HE R EREEEHE - Hf5E Delta flg - #EA ILERBEBEREHS - HER
HEFM - A ZEREE R ; e EEZEIN S EE SRS Theta - Az
HIFITS o (EFESHREE—(EIE SR - 1E1E 4.14 BdlE 4.9 Phig - KRFESRIEBE » #1E
HIESR T - A EEEEERL - EEEEZIR -

delta value

|
10

time(year)

Bl 4.12 158 58IB# 2 Delta BAF

345

W 1213-AKEFF-41Z.indd 345 2012/12/20 T4 02:47:19 (



~ R o S 38 e A )

Bl P HAR AT B AR A R SRR

20
15

time(year)

1EIE T EEE Z Vega BF

& 4.13

{7

——OMLCC
—+— OMLAC
OMHAC
OMHCC

—+— AMCC

0.015
0.011
0.005

L
e}
=1
<
<

anjen ejayy

-0.01
-0.015

10

time(year)

BB Z Theta AF

THR=

& 4.14

~====== upper bounds of OMHAC
-=====" lower bounds of AMCC

- SF

time(year)

B1E

BERBZROER

1HiR=

& 4.15

346

2012/12/20 T4~ 02:47:21 (

1213-AKEFF-41Z indd 346

|




B EIERE 623 BRI

BT 2R AT o AR B B R BE R B B 2% Ry 0.1 ~ PEFSBLME IR B Bk 22 F - &
BEEE BRI RS - A8 4.15 - TEHEEABEIRIE 3 Filbtk - BB 7 {E
e EEEME R - S E RSN - FRILE - SEAIE Z(EINE E B
BB REN - [B 4.16 AIZREEFRRMER] - EEIRI ST B E LR - fEg
R EIASE A ERGEE - (IR TE (R B B RN - BRI BPR 2 it it e 22 B
BRI E N - AORBRILTE S T - ERIYIRFERHR 5 5k (AN 4.4) E{ER
o

o
—

=3

o

&
T

value(thousands)
o
o
a1 o
T

s

-0.15

-0.2
0

time(year)

B 4.16 1BIE=ZEZEEE

|
P
o
E
©
>
=
@
o
A2t
4r —— OMLCC
A —— OMLAC
—+— AMCC
18+ —— OMHAC
‘ OMHCC
20 T ]

L u L L L L T
1 2 3 4 5 6 7 8 9 10
time(year)

B 4.17 [15E=#E#EZ Delta B+

347

W 1213-BKEFF-41Z indd 347 2012/12/20 T4 02:47:23 (



BB T B YA B AR AR SRR RN A o S L 8 e A

151

0.51

-0.51

vega value

1.5F
| | ——omLcc
OMLAC
2.5+ | ——AMCC

—o— OMHAC
3 OMHCC

35 L L L L L L L L L )
0 1 2 3 4 5 6 7 8 9 10
time(year)

418 IBIE=EIE#Z Vega BF

0.01p

0.005 \

0
-0.005
g -0.01F
S -0.015
g -0.02+
-0.025
—— OMLCC
0.03F —+— OMLAC
—+— AMCC
-0.035 OMHAC
L OMHCC
_004 1 1 1 1 1 1 1 T T 1
0 2 3 4 5 6 7 8 9 10
time(year)
419 IEE=EEEZ Theta BF
oG 0 B 4.17 BURFTE EIEMENT Delta Bl T-HYELIRFE » B HEIN IS EEE

BRI (HAHERR) - WEEREZBROE 0~5 FHBk iR E RN E
WELESN - HHILEEREE S ] Delta PREEEFHE N E IR HGN - 2 (EREB)E
MRSYIHRSE - AR B EE(E P R\ B N T 85— B 5 — A S MR R 722 521k -

HX - ERMERE 418 F1 - HHEBEEZEINE SR EEE - 2HEE
B EZ iR O S PSR R (E N RS B R RE D - B R g D - S
RN AEREEREEE - EHEHENRAE 5.5 FRF B - LHEBY KB
TR IR o

348

W 1213-BKEFF-41Z indd 348 2012/12/20 T4 02:47:24 (




W 1213-BKEFF-41Z indd 349

2= ﬁi—% %23 A% 14

etk - BAMTHFIEEE 4.19 Theta [Rl7-21 T fifiE S RRERYIRF R 1E - ERER

B EINE o BB - TIPIFTE PLA ALY - RN (E TN IR AL ]
E{H - {ERFRTE 0~5.5 £ - E&E AE B BB IHGEER 2 ENRE) - fSE L
SRR - AR SRS B R (B N 2 BRI EE A TR Mg & - Kl
Theta Al TR & - EEEILEBRENIREA - AR REEE - KI0ERE5 I
REE Ry (B BR RIRRUIRS - Fre £ B E A EIR IS L IR R E S MEEPLERT » Theta
Rl SR T AR IS N BB =R - B Theta (RIF8EIE - (5 HA R LGN - IR
(B {E R IR -
(=) AmREEHRIE
1. VTR RE S R[]

FESR VUSRS —/NEARYTEEL T - FAMH 2000 RS2 -RAEEE LA B PG EEE
fip Ry ] AR HAT R 22 - BUERG RN 4.1 -

® 4.1 AEIFER TSR FRERE

BRIRIRE IR A= AR S (RAFR IRAEE
1EE— 1.70 5.628 1.437
1EE= 1.95 5.677 2.305
1EE= 2.20 3.591 1.587

fEZe 4.1 - ERMBITEERIGI0E A Sk i = a8 RN - B Hs 8wk
PR AL A e P 2 2 A8 R R BE 2 B0+ SCRAE P HY BE BH S e IR -
TJQ?%TQ:%/\M 15517 S IR A R A (& EARE - (H R E PR e B B B i 2 2.2

B NS IR MAER 2 R ER =&EFE N EHSmE#EE - Kt
?UK?TF(?TETE&%E’J%?R REENEME B ENEEFEEFRE - Al EPEEEE
SR HITME B DB R R i FZ i B E HEE - BIEERE —ElEE T
AIDLZEER - ERFELETTE] 5.6 R - FEE PEHBEFEESAEEE - Fit - &
SURASIR Ry TSR A s R I T (E(E - BIZE[E] 4.9 BifE 4.14 - SEHME » 5.6 4
% Theta R T-FIIAEHR » (AR ILFE - BUREZKCEZR AEEE - FEEERS
JA7& Theta (AT BiHEEE -
2. EFIEEEELER

TERVUENSE —/NEIRIIBEE T » IR 2000 R -REEBEELEFT R H 2000 BREST
HEZDREEENEBEEEE - BERARUR 4.2 -

349

2012/12/20 T4~ 02:47:25 (



W 1213-AKEFF-41Z.indd 350

BB T B YA B AR AR SRR RN A o S L 8 e A

®42 AFEFRTREREBBZLEE

kiR SR AEE ERLREEEEZ LR (%)
1EE— 1.70 96.20
BE 1.95 70.30
1BE= 2.20 6.00

AN 4.2 Al - EFATEITE S D05 a2t IR R - BE=E (5 F 15 Sk i i e i
Ko R E AT Z G RRE 220 KR MrsZER A EEH R EER
& NRTB R AETE(S FITBEEZE CDX » Itraxx NP EIE A - A5 E £
kB EARE RIS ST - (R ARSI 2B E R E E H IR (96.2%) » FLIRE M
Gt - EH 6.00% HYELREEZF A FEERE - fio P R
o o FEIAE (S TR BB A PR IR R - RE AR F R E R A e E R &R
HARE - HAIE®REIIKIIR ;5 e[S ARSI =P IE & - &E AHEREE S R
b N2z FRE A E EAE - EIER A AlE MK -
3. S EAETHEERER

RENERE R > HEAEFEREREEFEN L - (EF 10% 15 D
KRR 22 H SRS 4A TR EEF & M HEEN R EEE T EN 2 HEH5k
- RIEIEA A& N REES Z E A BUE D LW &K - TS RIE R F - B IR
BRIFRRRRIES - SR RE AL AREN T TRk -

DR - FEER VYGRS —/NEARITESE T - BT 2000 HREEH-RAE R E LT R H 2000
e > Bt R FRYIES - W DMBR RIS IR S S8 - BUERRNE
43 -

® 43 AEFRTRFHEEFRRE

BkERRE AR AEE FIEEFIBER (%) FAEE
1EE— 1.70 3.42 0.17
1EE= 1.95 26.73 0.41
1BE= 2.20 84.42 0.22

(3% 4.3 FRTERGH - E(EHIFEEE PR IR 2 RGN - & PFgER
R > (5 ARE: 3.42% - TTE B TS EBRRA - SKBAE(S FH T8 8BRS B i i
fEBIZL - A& AR R 2 EE - SPEJIRKR R 84.42% » P BRI A& 2 (B
14.58% -

350

2012/12/20 T4 02:47:26 (



W 1213-AKEFF-41%.indd 351

2= ﬁ% %23 A% 14

=~ B s

Delta EfREREEE HUREEOE - & R M ERFERER - ERRERS G IR EEREE
B ERRERE) - R E R - AR BT BT RRERGL - HE
(LRI A > BhREEERIC A ~ BRASBIANSE =858 =/ N ieaT -

FEETTEIRR R 1% - IREAEERE - B0 A AIFTIE B E bR B AR - ElAE
S & N\ 2 BB AT B ORI il - (€3¢ 4.4 AT DASEE - DIOSP R BRI S -
BHFE 4.1 L - mI 3P I BRI R B T iR - AR - B P T 3Rtk
- (EFFAE SR P AVIESK - BT DAMER G AL AL - BRI E R 7 - BEH
AR A AT R L1 o GEEAR R Y N —BAR I thRETS DARE /N - PR TERTH
T sk REE PRI B EEENS -

® 44 TEIBRTHEENEEERAVEESFIRER
PORIEEATEE  TIOMEEERE EEE BRAE BREA

EIE— 1.70 1.402 3.782 0.006 0.371
1BE= 1.95 1.473 4.258 11.819 1.276
1BE= 2.20 0.941 3.229 23.140 2.746

F4.5 AEIFRTEHEESEREERERBEBFIEE

BinaE iR AEE EZRLREERELEER (%) EERS PR A RERSUTA
1EE— 1.70 74.50 0.006 0.371
1BE= 1.95 57.85 11.819 1.276
1BE= 2.20 24.85 23.140 2.746

R ek 4.5 8% B ETHGEER - REAEESTSEREEHE
8 ? RPEBA - EREAERE R & GERE AP EE LB R EE » R
2 - BIR—HEEE - Ay (3 i Sk AL 2 nE SR RIS IE = R B (KR -
18 B AU BRI B R AT S {5 A g AR SRR - 35 WM R MBI R - ImRE T 26k
FIRRAS - (EF =R A B HARRI LB S - ARG =0 - EhRERIR AU SR A
& B g RNy 1 6.00% LFFE] 24.85% » JREATER - 1515 FH LB B AT - B 1S
PR ((RE 4.15)  EEbm bR H] g f LB AR e/ - RS E A
JEHGHIREAS - BB Bk A /) - B pE R A H AR E S -

etk > WEANREBE - HIEfEEERFEN S HSR - SbaiEHE KR E A
HIPRFERE S - RETTRESFEFHEIRA R TRE 2 €K 4.6 - £ 43 AJEIEH - BE—HEH
OPEEHEIB SRRSO - IRIATER - ARSI E A N R B
FEHEAN R I - B INEH R A - (AR E BT - SPIEHEIR AR BRI

3

351

2012/12/20 T4 02:47:26 (



BB T B YA B AR AR SRR RN A o S L 8 e A

i -
® 4.6 TRIGETEEIEEEENFIIERFHRAE
PRI EIE AR EIEEIFBAER (%)  E#EE BB AR A EERRUTA

1EE— 1.70 22.95 0.39 0.006 0.371
BB 1.95 37.94 0.45 11.819 1.276
1BE= 2.20 76.63 0.32 23.140 2.746

RUR A RER B IR BT B EE T — R ENREFHEE - 0 HbE e A R 5
AT e B A (E R b i N2 5 R — B S B B A - BRI - AP35 R B e ke
AR AR R % - B AR E TS Ebs i N R SEEREY N - R ERE R
—BHEEE TR - (R b SR IS (AR L ORI - RS SRR -

3 4.7 AT - P ER S (e iy st A (R s H B RE SR B e b - [R5
= BEBE-HEE T - ISP EE R A —FE DL I AGER R
HZ Pl —iE & - (¢5R 4.8 FHRTEPaRpE—R - R LG e f fE AR 2%
HUEREEHEZ O T8 3R 4.5 2B AR B E R -

2 BlEE5R 4.9 GPFE MBI EEFEBAE - BB TR - 5
FHER R TSR N R SRR - (T HBE R - (H{SIEAEEE L -
IR — R ERE R RS - (R E TS AN (FE—) HREEETE &
FETFHEAR S SRAEIMT H 3.83% (7.25%-3.42%) R4 - PLAERSERERE Y 22.95% FgEEFZ% -
&5 = i R Ry it b A VR E A e SRR A fRGE - RIS Ry i As - [ E
P& EFEBARER ML N RE

®47 TEBRTESFFHERBRIEESREE
PORIBEATEE  TIOMEAEERE R BAE BREA

E1E— 1.70 4.588 1.858 3.831 0.933
1BE= 1.95 4.881 2.352 14.279 1.200
1BE= 2.20 4.932 2.955 17.131 5.753

’ 4.8 AEFRTEFFHEHERIERRBRIELR

BRIRIE AR A E ERBEBIEELEER (%) LR AR A SEERGE U A
55— 1.70 91.95 3.831 0.933
1EE= 1.95 84.90 14.279 1.200
EE= 2.20 46.10 17.131 5.753
352

W 1213-AKEFF-41Z indd 352 2012/12/20 T4 02:47:27 (



2= ﬁi—% %23 A% 14

£ 4.9 TRABRTESFFHERBRIOTFHEEFRRE
BURISERAEE  TIOEEFANE (%) BEE EEAA EEGA

a1 — 1.70 7.25 0.25 3.831 0.933

- 1.95 13.28 0.32 14.279 1.200

= 2.20 47.34 0.45 17.131 5.753
h ~ #S5m

ASCPTEB RS TR EOR Levy BB RAIURAL T - A A S (2 Sy ok 2o dx
iR i B BERRE B Py B S ( AGERRAE - SEE T HEE HE 21RO R HHE R 2 B BT PARE © FRAM
S R FTAE 2 =X B sl o 22 B (i R REH PRI RAAER A MRS - DARF & L i B RE SR B AR AR
LRI ERE - EEEAS AU 7 drh - BT SRS ARt b 2 B 2 T (B A%
SE - WENE - KRR A E AR B E LIRS AR EE L FHE -

AXHBEFEREMR « EERATEEEPREIER T &R HEBGERAEEL
EFHIH - G A ER R R A o MEAGERE I BRSO RIRR AR - AR
HEAEIBR R EAEEN I N - H O E R Delta RREURHRBEER -
(B3 PEA LSRR E R B0 - PR EE] - BE AR R R R AE 2 o Bl
EFTAEEEREREINE R - R ER R -

[FF - FRBLTEEE T - fREEE TR EE B Ry - KR BRI (EIME
JRAIE < & R B R (PR Eh - St R n T (S F fe B e 2k 2 (B HE -
AN - B RIEER A IR - EEOHE AR - E A = AR (LAY S el i
B HESRA TR ES - Al = (EE R REAYIZEARNL - SR BEHAMIE E JEHRF
MEE - RN EEER - WZRAERES » QIFTA R = & E H R
B -

MAEE AT S EEEESERES - R R aHEN 2 S E R - BT
Delta LREBEEE BIZUHIS T - S5 ARG RS IR - [FIRF - 1£ (5 T 5 E b i =i
P (E HIE B EZ Z B EOR - KPR S BRI E IS B RO (E 2 3R 5 e (B S
FIME RS - #ET R N S D I B T S22 4Bk - RS - PGB T
AR - H SRR EERE - B A EINS B E B e R EERE - KX
WS TS A - BERF A TR R R - B Re s B E N RS ZBE » i
FE(S PR\ B =iy - LSRR ST i B P M e IR ] (B (E SRR SRR -

Ry THERE NEERE TR - ASGEM 20t =TH RIS - fRE A EE
PR E Ity o AR I = IHfRERA IR AT - BT RE - WFTREREN . (FH
A FRRIELR T - el e EEH R LR RmS (EESE 96.20%) » It
A N BERE BUR AT E TR (-3%~-26%) » (H/2H S R S (R i [ Al g

353

W 1213-AKEFF-41% indd 353 2012/12/20 T4 02:47:28 (



BB T B YA B AR AR SRR RN A o S L 8 e A

(5.628 F); E {5 FHTEBEAZ R EIIGE] - s i s &S HIEAY ELERIRE (6.00%) + H
RIHE A E 2R &AM ERRTHISE RN - AIGES [BIE NZE 2 P EE TR
S HEGE (-84.42%) -

itk 0 R T EUREEAS BN A o B R B RE R T = o BRI
TEREEABRRRYN - R E TSRS o 10 RERs B AT » B 22 5 2 T e\ b
iy S Al F- A I B REEE RS (2 AN [FI{E TS IS 5 N RVAERL - W H BEET S R0 70 S e
bR - FEHEM R EENEEBR NN RIREE T - 5 E Rk B S i
R o WG R R (B TS A e = b - FERX 5 B B Re by H SRR s (HJE
P fEfR Bl s ) - RORBAHEE - MAE(E TSR ER - RMEZSZ EELHERE
FREARARENA] (RHRRCA R B AR ) » 805 @R R A B Re e SR 0% - A GEEN & HEfs
|5 N g =t R N INPR Y NS N SRR =V E - 5

354

W 1213-BKEFF-41Z.indd 354 2012/12/20 T4 02:47:28 (



T g .—:5—% %23 A% 14

The Pricing, Credit Risk Decomposition, and Hedging Analysis of
CPDOs under the Lévy Jump-Diffusion Model

Mi-Hsiu Chiang, Associate Professor, Department of Money and Banking, National Chengchi University

Hsin-Hao Fu, Ph.D. Candidate, Department of Money and Banking, National Chengchi University
Sheng-Yuan Wang, Master, Department of Money and Banking, National Chengchi University

Purpose/Objective

The pricing and hedging issues of complex credit structures present great challenges to
both academic and industry researchers ever since the 2007 credit crunch. Constant
Proportion Debt Obligations (CPDOs) are one such innovation that aims to provide credit-
protection sellers with a steady stream of fixed-income cash flows. Yet their cash-outs events
during the crisis unfolded risk characteristics that had been previously unseen, and raised
questions regarding the causes of rating bias in the first place when such complex
instruments had been classified as AAA grades by the rating agencies.

In contrast to the constant proportion portfolio insurance (CPPI), a CPDO aims to
generate sufficient cash flows that pay off the coupons during its contract period and the
principle upon maturity. This is achieved by conducting a dynamic adjustment rule that
increases the synthetic position of selling CDS contracts when the index spread widens.
Being a piecewise constant of the asset-liability shortfall, the dynamic leverage factor is
increased when losses in the index are encountered, and is decreased when the shortfall
narrows.

While the rating agencies have valued CPDOs based on models of high dimensionality
for the dependence structure of rating migrations and the credit curves among the underlying
credit entities, here we argue that such static models are time consuming and are inadequate
in capturing the time-dependent accumulated loss process of such complex products, nor do
they provide sufficient help in the analysis of the product’s risk profile.

Given above issues, in this research we consider CPDOs as path-dependent derivatives
writing on the index spread. We follow Dorn (2010) in assuming that the credit index spread
resembles a Lévy-jump diffusion process in order to derive the pricing formulae together
with the hedging parameters in closed-form. By introducing the risk measures that are of
concerns to the credit protection sellers, we analyze the embedded risk characteristics of
CPDOs, and propose delta-neutral strategies that may be feasible to alleviate the effects of

sudden index-spread widening on the net-asset-values of CPDOs.
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Design/Methodology/Approach

The net-asset-value which constituents the asset-liability shortfall of a CPDO structure
plays a major role when a dynamic leverage rule is conducted. When the net-asset-value
exceeds the present value of the CPDO’s liabilities, a cash-in event takes place; when falls
below a preset limit, a cash-out event occurs. And the leverage rule is applied as long as the
CPDO'’s liabilities outweigh its net-asset-value.

In this research, we identify the main determinant of the CPDO’s net-asset-value to be
the index spread. The stochastic nature of index spread affects not only the income stream
received upon selling CDS contracts, but also the instrument’s asset-liability shortfall. We
study the pricing, risk quantification, and dynamic hedging issues of CPDOs under a Lévy
jump-diffusion setting.

We derive explicit solutions for a portfolio of linear-segment options that replicate the
time-dependent double digital knockout barrier-option written on the product’s asset-liability
shortfall. This enables us to explore, in terms of the associated hedging greeks, the embedded
risk characteristics of CPDOs.

In addition, we propose delta-neutral strategies that are feasible to hedge such products.
Numerical simulations are subsequently performed to provide benchmark measures for the
proposed hedging strategies.

Though incorporating a stochastic interest rate environment could further help to
differentiate the compromise between an increase in money market account (asset) and the
coupons paid to the investors (liability), it is in fact a minor determinant in the pricing of
index-linked instruments. We have therefore assumed a constant term structure of interest

rate throughout.

Findings

Our simulation results show that, under a normal market condition, though the option
deltas exhibit sudden jumps during the contract period, the replicating option portfolio
remains out-of-money, indicating that the asset-liability shortfall is unlikely to deteriorate.
On the other hand, CPDOs exhibit low rates in achieving the Target Bond Price under a
stressed market scenario.

An increased in the likelihood of their cash-out events due to aggravated asset-liability
shortfalls is likely to provoke substantial mark-to-market losses being incurred. Such

situation can be made worse, should the deleverage mechanism be initiated, which forces the
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CDPO to unwind its synthetic credit positions in order to limit the over-night losses under a
preset “leverage gap”. In this case, substantial realized losses are possible.

While a dynamic leverage rule provides the instrument an opportunity to recover its
mark-to-market losses under a stressed market scenario, it at the same time increases the
instrument’s exposure to default losses on the underlying credit entities. In the worse case of
a continued spread widening, the income effect may not offset the fall in the instrument’s net
asset value. In contrast to a normal market scenario, we observe a high rate of cash-out
events when the index spread is highly volatile.

Our hedging analysis reveals that, under a stressed market condition, an increase in the
hedging frequency results in an decrease in the average net-asset losses of the credit
protection sellers, hence reduces the rates of CPDOs reaching their cash-out events. While
under a normal market scenario, an increased hedging frequency does not necessary improve
the average net-asset losses due to the associated hedging costs, nor does it out-perform, in
terms of the arrival-rates of CPDOs in reaching their Target Bond Prices, that otherwise was

done based on dynamic leverage adjustments.

Originality/Contribution

In view of the wide criticism that the rating agencies clearly overlooked the possibility
of sudden index-spread widening, this research assumed that credit index spread resembles a
Lévy-jump diffusion process to account for the effects of sudden index-spread fluctuations
on the net-asset values of CPDOs. Our contribution to the existing literature is threefold:
First, we provided time-dependent analytic formulae of the valuation of such instruments,
together with their hedging parameters; Second, we unfolded the embedded risk
characteristics of CPDOs via the hedging parameters; Finally, we provided benchmark
measures for the proposed hedging strategies under different market scenarios, and discussed

the impacts of different hedging frequencies on hedging performances.

Research Limitations/Implications
Although adopting a dynamic spread model such as the Lévy jump-diffusion is
essential in capturing the sudden jump-movements of the index spread being observed, all
current valuation models of CPDOs including ours lack in a throughout description of the
dynamic state of losses associated with the CDS reference pool. In this respect, incorporating

a dynamic loss framework, or a default contagion model may prove to be of help.
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On the other hand, questions with regard to the quantification and management of
different types of risks still await proper focus. In particular, how the roles of spread
(systematic) and default (idiosyncratic) risks interacts, and how to respectively hedge them
with adequately chosen risk measures are still out of reach in current research.

In addition, proper assessments of the impacts of model uncertainty on the pricing and
risk management of such instruments are needed. This would require an empirical testing of
different sample periods prior- and post- the credit crunch to establish the goodness of fit for
using a particular dynamic index spread model, and a rigorous scenario analysis will further
help to study how the variability in model parameter inputs should affect the pricing and

hedging results of such products.
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