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11 1963 .
. 1987
(Convertible Bond) 1994
. . , 1999 42,000 2001 78,000
(Hybrid Security)
, (1963—~1971),
(1972—1983), (1984—1986),
(Call Option) (1987—1998), (1999— ) .
Black-Scholes(1973) (1963—1971) 22 4l
(Contingent Claims) 5
(1972—1983)
, Ayache-Forsyth-Vetzal (2003) ,
' (1984—~1986)
12
1987—1998) 1987 4 2 500
, Ayache-Forsyth-Vetzal (2003) (Credit ( )100/
Risk) Tsiveriotis-Fernandes (1998) °
_ 10%  30%
(parameter) , 1990 1994
5 1 . 1994 2
2 3
, Black-Scholes (1973)
(Contingent Claims) )
4 Ayache-Forsyth-Vetzal (2003) , 1999 41,892 , 2001
Credit Risk Credit Risk 78,341
Tsiveriotis-Fernandes (1998) : . , '
5 1994 2003
@cooco 0 O



() ) ) () () ()
1994 114 12,412 - - 114 12,412
1995 92 8,648 2 430 94 9,078
1996 52 6,654 4 628 56 7,282
1997 51 9,466 17 2,530 68 11,996
1998 22 9,618 4 9,019 66 18,637
1999 55 24,310 102 17,582 157 41,892
2000 13 6,872 40 5,870 53 12,742
2001 13 39,477 957 38,864 970 78,341
2002 21 9,861 90 3,495 111 13,356
2003. 10 12 23,314 29 863 41 24,177
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Poensgen (1965)”

Brigham (1966)" ,

Baumol-Malkiel-Quandt (1966)’

Walter-Que (1973)

1) Poesgen, O. H,” The Valuation of Convertible Bonds”, Industrial Management Review, Fall, 1965, pp 7 7—~92

2) Brigham, E. F,* An Analysis of Convertible Deventue”, The Journal of Finance, March, 1966, pp 35~54

3) Baumol, W. J., Malkiel, B. G. and Quandt, R. E,“ The Valuation of Convertible Securitie$, Quarterly Journal of Economics, Feb,
1966, pp 48—59

4) Walter, J. E. and Que, A. V,* The Valuation of Convertible Bonds,” Journal of Finance, June, 1973, pp 713~732

32
3.2.1 Ingersoll 977y

Ingersoll  Black-Scholes

Merton(1974) Ingersoll(1976) (dual purpose funds) Black-Scholes
Black-Scholes Merton
. Ingersall
, , M-M

, Ito's lemma process

Ingersoll ,
(analytic solution)

3. 2. 2 Brennan-Schwartz 1977y

Brennan and Schwartz

5) Ingessoll, J. E,* A Contingent-Claims Valuation of Conv ertible Securitie$, Journal of Financial Economics, May, 1977, pp
289~322

6) Brennan, M. J. and Schwatz, E. S Convertible Bond : Valuation and Optimal Strategies for Call and Conv ersiori’, Journal of
Finance, Dec, 1977, pp 1699~1715
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3. 2. 3 Fisher (1978y Max [Min@Q;, Qz), Q] ----- 3-2)
, Qi ( )
Fisher Q:: Qs :

%=asdt+qdzs - (3-D)
o A , a: t
dz: Standard Wiener Process . :

, Black-Scholes Merton .
) , w(®

t
Merton , : p
® @  pwr(lp)w
)
V=Max[nS, P+a, Min(H, C+a)] ----- (3-3)
,n: , Pz Put price, C - Call price, a - accrued interest
H : Holding Value at node
3. 2. 4. Goldman-Sachs (1994 3. 2. 5 Tsiveriotis-Fernandes (1998
Goldman-Sachs Fisher-Huang(1988) , One-Factor Tsiveriotis-Fernandes
. t
w(®) . (equity component) (bond component)
(node) w~)
Vet 05Vt (- Q)SVrf(V-B)-+9B=0 ——  (3-)
V= max@, xS), V< max@., xS)
, Vo= the growth rate of stock, s : spread [=p(1-R), p : ,R: 1
7) Fisher, S,* Call Option Pricing When the Exercise Price is Uncertain and the Valuation of Index Bonds” , Journal of Finance,
Mar, 1978, pp 169~186
8) Derman, E. and Bardhan, |,“ Valuing Convertible Bonds as Derivatives’, Quantitative Strategies Research Notes, Goldman 9) Tsiweriotis, K. and Fernandes, C,“ Valuing Convertible Bonds with Credit Risk”, The Journal of Fixed Income, Sep, 1998, pp

Sachs, Nov, 1994, pp 1~27 95~102




B : bond component, B, : call price, B, - put price, q : dividend rate
Vo Q) ,

BHSB+% Bo-(+5)B=0 —— (3-5)

Tsiveriotis-Fernandes V (linear complementarity problem)
(3-4) |
V=VE- (G OS Vet Gr@)SVYV-B)-(+9)B) ——— (3-6)
, T=T-t
, B>XS B< XS

V=B+C [B : bond component, C: equity component]
: (bond component)  credit risk

cash-only part , (equity component)  credit risk
2

, Tsiveriotis-Fernandes

4. 1 Ayache-Forsyth-Vetzal (2003y

Black-Scholes (the value of the issuing firm)
(the basic underlying state variable) (the issuing firm’s
stock price) (the basic undrerlying factor) .

Ingersoll(1977), Brennan and Schwartz(1977, 1980), Merton(1974),
Black and Cox(1976), Longstaff and Schwartz(1995), Nyborg(1996)
(debt) (equity) ,

Fisher(1978), McConnell and Schwartz(1986), Goldman-Sachs(1994), Tsiveriotis-
Fernandes(1998), Yigitbasioglu(2001)

10) Ayache, E., Forsyth, P. A. and Vetal, K. R,“ Valuation of Convertible Bonds With Credit Risk” , The Journal of Derivatives,
Fall, 2003, pp 9— 29

, (the reduced form
approach) Jarrow and Turnbull(1995), Duffie and Singleton(1999), Madan and
Unal(2000) (risky debt) :

(single jump loss)
, (probability
of default) (hazard rate)

Tsiveriotis-Fernandes (1998), Davis
and Lischka(1999), Takahashi-Kobayashi-Nakagawa(2001), Hung and Wang(2002), Anderson and

Buffum(2003) . Tsiveriotis-Fernandes (1998)

, (the reduced form
approach)

, Clark and
Weinstein(1983) 30%
, Beneish and Press(1995) 300 62% ,
30%
, Ayache-Forsyth-Vetzal 0% 100%

, Poisson default process
(linear complementarity problem)

(credit risk) ,

(general-factor framwork) . ,

(default risk)

411 (Credit Risk)

dS =pSdt + aSdz ----- (¢-) ,
\/CRV




Vit (%OZSZVSS+ Y®-9SV-yHV)=0 --—-- (“4-2) = [VI+GZTSVSS] dt-p(V-VsSn)dt+pmax{xS(1+), RX]dt+o(dt) ----- (4-8)
, 1@ : q: (4-8)
’ (4_2) ] 0282 _
) Vet [y (@) +prlSVe+—5 Ve [y(D +p] V+pmax{xS(1+), RX]=0 ----- (4-9)
V= _Vt_ (? 028 2Vss_|_ (y(t) —q)S\/s_wt)\/) ————— (4—3)
(linear complementarity problem) (4-9) vy drift term y(O)+p discounting term , R=0
=1 , (the total default)
o (4-3) “4-3) y@® y(D+p
4.1.2 (Credit Risk) Takahashi-Kobayashi-Nakagawa (2001 )Anderson-Buffum(2008) ,
Put option MVE V- [%0282V55+6/(t)+pn—q)SVs-@(t)+p)\/]=0———— (4-10)
Call option (4-9)  (4-10) |
S S MV-pmax{xS(14), RX]=0 --—-- (4-11)
S'=S(11) --—--- (44 ,xrxl
=1 (the total default) (4-11) (linear complementarity problem)
=0 (the partial default) » B>xS :
[MV-pmax(xS(1-), RX]=0, (V-max(B,, XS)z 0, (V-Bc)< 0]
[MV-pmax(xS(1-), RX]z 0, (V-max(B,, xS)=0, (V-B:)< 0]
n=v- (S ----- (4-5) [MV-pmax(xS(14), RX]< 0, (V-maxB,, xS)= 0, (V-B.)=0]----- (4-12)
(credit risk) ., p=0 =V, , B< xS V=xS ----- (4-13)
. 0°S? (4-12) (4-13)
dn =[Vi+"5 V. ] dtro@---- (4-6) )
(hazard rate) p , 4-4) MV-pmax{xS(1-), RX]=0,----- (4-14) Vz max@®,, xS), Vs
RX(®Rs LR : X : ) max@., XS)
XS (1) b t+dt (4-12) (4-13) Brownian motion
@an) risk
dn =(1pdt) [vt+°275vss] dt-pdt(V-FSn) +pdtmaxxS(L-), RX]+o(dt)
_ oS’
= [Vt+TVss] dt-pdt(\V-VsSn)+pdtmax{xS(1+), RX]+o(dt)----- 4-7
4-7)
_ 11) Takahashi, A., Kobayashi, T. and Nak ,* Pricing Convertible Bonds with Default Risk’ , The Journal of Fixed | ,
y[\/ Svgdt Daecy 28(.)80]1 o 20(12%/85 I an akagawa, ricing Convertiole sonds wi erau IS| e Journal of FiXxed Income
12) Andeson, L. and Buffum, D," Calibation and Implementation of Conv ertible Bond Model”, Working paper, Bank of America
Securities, 2003
0ooO 0 O



4.1 3

Ayache-Forsyth-Vetzal
Credit Risk
(Finite Difference Method)

vV 5V vV
&5 TS D 5gr +H(ES ) g +eS =0 - (4-15)

T
T K, S« |
O=T/K, &= S,/ , Grid
i & T-k
V'=V(ds, T-kot) ---—- (4-16)
, Taylor approximation ,

6\/ _V:(_\/ik+1

(Grid)

+0O(&)

k

6\/ _Vi+l©

52\/ t(+1_2\/:(+ t<-1
352 S} t)ZT+O(532) ————— (4-17)
(4-15)

K_\ /k+1 k K k k -\
Ve e iV 1 evi=0(@, 559

k
i-1

+0(85?)

(approximation formula)

(Error Term) ,

k _\/K
VEVEHRIVE VDI 5 Y )Vite S4Vi=0

oo,
( ,V1= 6SZ|V2= 58) )

Credit Risk

Tsiveriotis-Fernandes (1998)

(Explicit Finite Difference Method)

0 S

G & Tk &) C

< -1> 13
2001 4.9 | 2003.10. 9 1% 8% 3,217 BBB
2001. 6.13 | 2006. 6.13 1% 2% 5,000 BB-
2001. 629 | 2004. 6.29 2% 8% 30,000 BB
2001.12.10 | 2004. 3.31 1% 10% 5,400 BB+
2001.12.24 |  2004.12.24 1% 8% 5,000 BBB-
2002. 3.5 | 2004.11.30 1% 6.5% 35,000 BB+
(15 ) | 2002412 | 2007. 412 0% 0% 5,000 BB-
2002. 419 | 2004.12.31 1% 7.5% 9,720 BB+
2002. 7.12 | 2005. 7.12 5% 8.2% 5,000 BBB-
2002.10.24 | 2005.12.31 1% 6.3% 5,000 BBB-+
(16 ) | 2003.210 | 2008. 2.10 0% 0% 5,000 BB-
2003. 7.11 | 2006. 7.11 4% 8% 12,450 BBB
LG 2003. 721 | 2000. 1.1 3% 8% 21,500 A+
kel bV, k Ky\/¥
Vi'=@\V:- 2 Wit (1-AV ATV ————- (4-20)
(4-3) (4-10) , =Tt
1
V=VI—(§6ZSZVSS+ Y®)-)SVe-r(t)V ----- (4-21)
1
MV=V1- [55282\/5#(y(t)+pn—q)SVs—y(t) +)V]=0 ----- (4-22)
) , Tsiveriotis-Fernandes (3-6)
4.2 (Parameter)
2001
BB- 13
spot rate




10

-2 ®
() () () (%)
3,570 400 3,170 0.8880
GPS 625 140 485 0.7760
1,140 320 820 0.7193
11,190 3,850 8,050 0.6765
1,050 810 240 0.2286
430 105 375 0.7813
800 140 660 0.8250
85 60 25 0.2941
1,220 255 965 0.7910
335 285 50 0.1493
6,470 1,320 5,150 0.7960
490 90 400 0.8163
545 105 440 0.8073
375 140 235 0.6267
3,105 660 2,445 0.7874
640 340 300 0.4688
500 250 250 0.5000
820 400 420 0.5122
370 115 255 0.6892
35 20 15 0.4286
130 100 30 0.2308
200 200 0 0
225 130 95 0.4222
255 115 140 0.5490
190 75 115 0.6053
n=0.5747
* Stock Database
* 2000
() Stock Database
10,000

< -3

2001. 4. 9 1,655 1.1237% 6.75% 0.80 3.052

2001. 6.13 1,135 2.2935% 7.06% 0.87 2.000

2001. 6.29 2,320 0.0% 6.21% 0.98 0.333

2001.12.10 5,380 1.9999% 6.22% 0.80 1.852

2001.12.24 3,780 1.7250% 5.14% 0.80 2.000

2002. 3. 5 35,500 0.6678% 6.08% 0.73 0.286

(15 ) 2002. 4.12 1,320 1.7152% 7.19% 1.01 2.000
2002. 4.19 8,810 0.5982% 6.59% 0.90 1.029

2002. 7.12 3,365 3.2951% 6.09% 0.66 2.000

2002.10.24 3,250 1.1336% 5.54% 0.76 2.000

(16 ) 2003. 2.10 2,305 1.4297% 4.94% 1.97 2.000
2003. 7.11 11,950 0.1699% 4.51% 0.56 0.803

LG 2003. 7.21 18,700 0.0% 4.96% 0.75 0.465

* (Parameter) 56~57p

(Probability of default)  Jarrow-Turnbull

(Recovery rate) Moodys Special Comment “ Default & Recovery Rates of Corporate Bond

Issuers(2003)

2000

(4-2)

13

Historical Volatility

(R=0.374)
25
. (N = 05747)

(4-3)




(¢ -4 (-D
< 4>
Ayache-Forsyth Ayache-Forsyth Tsiveriotis
-Vetzal Model -Vetzal Model -Fernandes
(Credit Risk) (No Credit Risk) Model
9,415 11,003 10,903
6,406 7,073 7,123
9,100 9,199 9,195
10,399 14,459 14,143
9,986 12,702 12,470
9,719 13,668 13,461
(15 ) 5,951 6,864 6,921
9,875 13,752 13,646
9,396 11,303 11,198
9,289 11,557 11,501
(16 ) 7,238 9,517 8,643
9,882 13,364 13,182
LG 10,796 14,766 14,650
* (Cedit Risk) Ayache-Brsyth-\étzal Model, Ayache-Brsyth-\étzal

Model, Biveriotis-€mandes Model

< -1>3 MODEL

1 MODEL : Ayache-Forsyth-Vetzal Model (Credit Risk)
2 MODEL : Ayache-Forsyth-Vetzal Model (No Credit Risk)
3 MODEL : Tsiveriotis-Fernandes Model

13 (4-4) 4-1) , 13
(Credit Risk) Ayache-Forsyth-Vetzal Model
Ayache-Forsyth-Vetzal Model
, Tsiveriotis-Fernandes Model

Ayache-Forsyth-Vetzal Model , Tsiveriotis-Fernandes

Model Ayache-Forsyth-Vetzal Model “
(Partial Default) '
Ayache-Forsyth-Vetzal Model K Tsiveriotis-Fernandes
Model .
13 (15 ) Tsiveriotis-Fernandes Model
Ayache-Forsyth-Vetzal Model
5 2% (15 ) 0%

(Credit Risk) Ayache-Forsyth-Vetzal Model

10,000 LG (10,796 ) (10399 ) 2 , 11
8 . (@5),
(16 ), 3
4.4 (Sensitivity Analysis)
, , , , , 6
()} ®), (@) Q) (Parameter) 10%

(Credit Risk) Ayache-Forsyth-Vetzal Model




< 5 (9,415)
(@ 1.1237% 1.2361% 9,414 -0.01%
R) 6.75% 7.43% 9,262 -1.63%
© 0.80 0.88 9,528 +1.20%
Q) 0.5747 0.6270 9,278 -1.46%
10%
& (10,399)
@ 1.9999% 2.1999% 10,393 -0.06%
R) 6.22% 6.84% 10,271 -1.23%
© 0.80 0.88 10,565 +1.60%
()] 0.5747 0.6270 10,052 -3.34%
-7) (9,986 )
(@ 1.7250% 1.8975% 9,980 -0.06%
R) 5.14% 5.65% 9,854 -1.32%
© 0.80 0.88 10,140 +3.94%
Q) 0.5747 0.6270 9,756 -2.43%
(4-5)  (4-10) 6 @ 10%
001%  0.06% 10%
114%  1.63% 10%
1.46%
(q)7 Rf)q (rD
, (@ 120% 3.94%

Approach)

< -9 (9,875 )
() 0.5982% 0.6580% 9,872 -0.03%
R) 6.59% 7.25% 9,732 -1.45%
© 0.90 0.99 10,037 +1.64%
Q) 0.5747 0.6270 9,575 -3.54%

< 9 (9,289)
@ 1.1336% 1.2470% 9,286 -0.03%
®) 5.54% 6.09% 9,144 -1.56%
© 0.76 0.84 9,429 +1.51%
Q) 0.5747 0.6270 9,087 -2.17%
-10) (9,882)
(@ 0.1699% 0.1869% 9,881 -0-:01%
R) 4.51% 4.96% 9,769 -1.14%
© 0.56 0.62 10,051 +1.71%
Q) 0.5747 0.6270 9,574 -3.12%
(Convertible Bond) (Hybrid Security)
Black-Scholes (1973) ,
(The Reduced Form
(Default Risk)
Ayache-Forsyth-Vetzal (2003) 0% 100%

(credit risk)




(Credit Risk) Ayache-Forsyth-Vetzal Model Ayache-
Forsyth-Vetzal Model Tsiveriotis-Fernandes Model
: Q)

: Q)]
n “ (Partial Default)

Ayache-Forsyth-Vetzal Model Tsiveriotis-Fernandes Model

Ayache-Forsyth-Vetzal Model @)

Q)
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