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Abstract

Measuring the credit risk problem is vital in financial engineering field. The
structural model is a credit-risk model that models the evolution of the firm value and
that determines the event of default (and liquidation). However, the bankruptcy
doesn’t lead to immediately liquidatien due to ¢chapter 11 of U.S Bankruptcy Code.
Liquidation and default procedures are important. factors to determine the values of
equity, debt and firm. Because of the liquidation cost,'debt holders want to delay the
liquidation, and it provides equity holders an opportunity to repay the loan
strategically .The thesis models the debt strategic service of equity holders and the
liquidation concerns of debt holders. I provide a numerical model to evaluate the
credit risk by simultaneously considering the debt strategic service, tax benefit, and

bankruptcy cost under the structural model.
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De(t-Vo10=1 1 _ oy, if V; <P+(1-7)A_(T)
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R S
Ag (D % jilly TIR 4 % enif L
EB =

EL(LV) - (1-1)A, (D if (a) E_(LV)-(1-7)A,(1)>Eg or
(b) Dg (t.V) < min((1-a)V, P+ A (1)) and
EL(LV) - (1-1)A, (1) > Max((1 - a)V — A(t)— P, 0]

Max((1-a)V — A ()= P,0] if Dg(t,V)<min((1-a)V,P+ A, (1)) and
EL(LV) - (1-1)A, () <Max{(1-a)V — A (1)~ P,0]

Eg otherwise
DB ==
D, (t,V)+ A(t) it (@) E (t,V)=(1-7)At)>Eg or

(b) Dg(tV)< min((1-a)V, P + A (1)) and
E, (t,V)—(1-7)At)>Max{(1-a)V — A(t)—P,0]

Min[(1-a)V, A()+P,0] if Dg(tV)<min((1-a)V,P+ A (1)) and
E, (t,V)—(1-7)A(t) < Max{(1- a)V — At)— P, 0]

Dg otherwise
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VT _E if VT 29
r
E(T,V): C
C . C
— if Vv >—
r T=5%

D(T.V)= c
(I-a)Vt if Vi <—
r

C:— & & ienff 4
Debt: ff 1 * if i Equity: % &£ § &
Firm: > 7§ 2§ & Freq:- & L H{1L =k
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- s A e R 0 B Leland 0] 0 S BGR Ao T

Vo=100, 1=5% , §=3% , a=0.5

Sigma  Tax rate C mine Leland difference(Abs)  difference(Rel)
Equity Values

0.1 0.15 3 48.9399 49.1179 -0.178 -0.3624%
4 32.5199 32.6622 -0.1423 -0.4357%

5 17.4464 17.5261 -0.0797 -0.4548%

0.35 3 60.8271 61.0236 -0.1965 -0.3220%

4 47.9561 48.1324 -0.1763 -0.3663%

5 35.3552 35.5052 -0.15 -0.4225%

0.2 0.15 3 51.9874 52.1395 -0.1521 -0.2917%
4 38.4882 38.5969 -0.1087 -0.2816%

5 26.6819 26.7348 -0.0529 -0.1979%

0.35 3 62.3898 62.5709 -0.1811 -0.2894%

4 51.1485 51.3008 -0.1523 -0.2969%

5 40.7542 40.8717 -0.1175 -0.2875%

Debt Values

0.1 0.15 3 59.3731 594627 -0.0896 -0.1507%
1000 4 7675738 76.9811 -0.2233 -0.2901%
5 87.8563 88.4838 -0.6275 -0.7092%

0.35 3 59.7617 59.8414 -0.0797 -0.1332%

4 78.9716 79.1087 -0.1371 -0.1733%

5 96.325 96.5999 -0.2749 -0.2846%

0.2 0.15 3 52.8607 52.9486 -0.0879 -0.1660%
4 64.9888 65.183 -0.1942 -0.2979%

5 73.7983 73.6428 0.1555 0.2112%

0.35 3 54.9205 55.004 -0.0835 -0.1518%

4 69.1928 69.502 -0.3092 -0.4449%

5 81.25 81.3257 -0.0757 -0.0931%
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Tlelandsh3f B 2 » ¥ S chjoacid Ry AR A Jeacid R B Ko Slk T

V=100, C=3,r=5% , 0=3%, r=0.35, =0.5, 0 =0.2

w Percepnt Error

4 - Steps
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2o wlelandergl 474 BlF U Fo KL LR R AL
- E i Aw oo f#ck 2 Vp=100,1r=5%, 0=3%, a=0.5, 7=0.35, 0 = 0.2, c=5%
Ifj I

B AT MFREFALABARS G REAE TR EE I RL G EE T

Face Value @~ TTM Freq Debt Equity Firm

60 5 1 554209  46.1830  101.6040
4 56.2519  45.8719  102.1240
12 56.3491  45.8061  102.1550

10 1 53.3202  S1.1137  104.4340
4 543078 50.6392  104.9470
12 544700  50.5356  105.0060

20 1 524161  56.9437  109.3600
4 53.5523  56.3191  109.8710
12 537753 56.1805  109.9560

80 5 1 049215 7:,31.7050  96.6266
4 06.7931.+ 31.0209  97.8140
12 07.0463 - '30.8718  97.9181

10 1 63.8455-1-38:1851  102.0310
4 05.7472 +37.3679 103.1150
12 06.0494"  37.1886  103.2380

20 1 04.4304  45.1744  109.6050
4 06.2165  44.2359  110.4520
12 06.5830  44.0269  110.6100

100 5 1 09.3087  20.6746  89.9833
4 71.2610 194710  90.7320
12 717057 19.2028  90.9085

10 1 70.8537  27.5897  98.4434
4 729726 263535  99.3262
12 734111 26.0778  99.4889

20 1 734854 349096  108.3950
4 75.7710  33.6094  109.3800
12 76.2843 333192 109.6030
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= Leland A2 #3157 R f Gt 5T (4 %) 5 P=60, P= 80, P= 100) 7%

—

BHEL 2P FAR EEIIY P L A g

Vp=100,r=5%, 0=3%, r=0.35, =0.5,0 =02, c=5%

Debt Value
80
70
= -
01 \\A
50 T T T 1
8] 5 10 15 20
Maturity
AN
Equity Value
60 -
. B
N r”*r/rrr’r_r/ﬁ—’:‘/‘
20
4]
jo] 5 10 15 20
Maturity
Firm Value
120 4
110 -
100
——p=60
a0
——p=80
80 e =100
70 T T T 1
o] 5 10 15 20
Maturity

TEL f RN ARl g A g R B

b e dm fAEA BRI P OB PR e ihf ok S -
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# = R g B P Wlijﬁ’ﬁ BFE S AN gkt FBK T a
V=100, P=80,1=5% , 6=3% , w=0,0 = 0.2 , c=5%
Values Difference
Taxrate TTM Freq : : : :
Debt Equity Firm Debt Equity  Firm
Liquidation Costs=0
0 5 1 735692 26.4308  100.0000 0.0000  0.0000  0.0000
4 7746521  25.3479  100.0000 0.0000  0.0000  0.0000
12 748840 25.1160 100.0000 0.0000  0.0000  0.0000
10 1 709920 29.0080 100.0000 0.0000  0.0000  0.0000
4 723200 27.6800 100.0000 0.0000  0.0000  0.0000
12 72,6109 27.3891 100.0000 0.0000  0.0000  0.0000
20 1 689257 31.0743  100.0000 0.0000  0.0000  0.0000
4 704958 29.5042  100.0000 0.0000  0.0000  0.0000
12 70.8433  29.1567  100.0000 0.0000  0.0000  0.0000
0.35 5 1 735804 31.7826 105.3630 -0.1244  0.0776  -0.0470
4 7746601 31.0831 105.7430 -0.1053  0.0622 -0.0430
12 74.8912  30.9287...105.8200 -0.1044  0.0569 -0.0470
10 1 71.0158 1384699  109:4860 -0.3637  0.2848 -0.0790
4 723361 376186 "109.9550 -0.3391  0.2488  -0.0900
12 72,6248 “37.4285110.0530 -0.3362  0.2390 -0.0970
20 1 689696  46.0148-—114.9840 -0.8973  0.8404 -0.0570
4 70.52597%45.0172  115.5430 -0.8557  0.7813  -0.0740
12 70.8704 44793877 115.6640 -0.8477  0.7669 -0.0810
Liquidation Costs=0.5
0.35 5 1 614833 325534 94.0367 -3.4382  0.8484  -2.5899
4 6277410 31.9802 94.7212 -4.0521 09593  -3.0928
12 63.0212 31.8540 94.8751 -4.0251 09822 -3.0430
10 1 569574 405591  97.5165 -6.8881  2.3740 -4.5145
4 583051 39.8621 98.1671 -1.6631  2.6726  -4.9909
12 58.6042 39.7074  98.3117 -7.0463  2.3376  -4.7083
20 1 52,6820 503036 102.9860 -11.77484  5.1292  -6.6190
4 541779 49.4560 103.6340 -12.0386  5.2201 -6.8180
12 545203 49.2656  103.7860 -12.0627  5.2387 -6.8240
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DEF SRR S 3.8 - LN 5 RS Nt At
Bl= Credit Spread % i*

V=100, P=80,r=5%, 6=1%, =0.5,7=0.35Ww=5%, 0 =02, c=10%

0.008 -
0.006
0.004
0.002 -
0 1
1 2 3 4 5 6 7 8 9
maturity
0.025 -
0.02 -
0.015 -
0.01 -
0.005 -
1]
1 2 3 4 6
maturity
P_80 —#—frequency=1
=8 frequency=2
0.12
== frequency=4
01 - ——frequency=12
0.08 -
0.06 -
0.04
1 2 3 4 6 8 10 15 20
maturity
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B w

Z2_—  Coupon frequency % #

V=100, P=80,1r=5% , 6=1%, a=0.5,7=0.35W=5%,0=0.2,

c=10%

Equity Value
22 -
o L
20 - L 2
i —i
19 7
—a
18
17
16
o 5 10 15 20
coupen frequency
Firm Value
102 4
—
100 -
—
98 -
s A
o6 ;/(/-—”'
94
92
(1) 5 10 15 20
coupon frequency

Debt Value
85 - —
" ///f
e fr——,
70
o 5 10 15 20
‘coupon frequency
Credit Spread
0.08

coupon frequency

- “jl’_ 55 Ja— "h ’ 2 w—ﬂl a—1eo 7 v
EIE—V—— o%__l'lﬁ—?—r’h\— |m+3r_iﬂ+3r i'J;!PBFn\
/2
(R Eﬂ'rﬂ P
Equity Value Debt Value
22 o
21 4 1 —
20 \‘N_.‘A /—O‘Vﬁ
19 - - = 4 — —a
15 . f.—n——l*
17 i 2= - 2
16 -
15 - v
14
1 [ 11 16 6 11 16 21
Frequency Frequency
Firm Value Credit Spread
112 0.06 -
1o /_/' 0.055 -
108
106 - 005 -
104 L J® 0045 o ——T=20
102 N e "y 0.04 L-¥ i ™ _m-T-10
100 /(r-
98 < 0.035 K — —n ——T=5
96 0.03 - =
1 6 11 16 21 1 6 11 16 21
Frequency Frequency

i

4
A~

L sl SR A

RGP gL T
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BlTz- FEXA%H

V=100, P=80,r=5%, 0=1%, freq =

2,7=0.35Ww=5%,0=0.2, c=10%

Equity Value Debt Value
21 - & - " 110
20 r—n——‘f’/f 100 -
19 2 90
18 - 80 -
17 70
16 60
o 0.2 0.4 0.6 0.8 1 o 0.2 04 0.6 08 1
Liguidation Costs Liguidation Costs
Firm Value Credit Spread
120 0.12
110
100 1 ——T=20
——T=10
90 -
——T=5
80 o
o 0.2 o4 06 08 1 o 0.2 04 0.6 0.8 1
Liquidation Costs Liguidation Costs
- 5 - R S S K
E]_l Ea— 5 7 _\ ’fﬂ—
Equity Value Debt Value
30 4
100
30
20 & ] i i i r i i i r 3 9 iH
————— 80
70
10 50
0 02 04 06 08 1 0 0.2 04 06 038 1
Liquidation costs Liquidation costs
Firm Value Credit Spread
130 - 009 -
0.08
120 - 007
110 008
0.05
100 - 004 - ——T=20
003 —i—-T=10
50 0.02 TS
001 -
80 o]
0 0.2 0.4 0.6 o8 1 0 0.2 0.4 0.6 0.8 1
Liquidation costs Liguidation costs
b g N [ S | 2. PA L = AR L4 2. EEN 2, 2 Y - s N
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V=100, P=80,r=5%, 0=1%, a=0.5, freq=2,7=0.35, 0 =0.2, c=10%
Equity Value Debt Value
40 100 4
35 4 ag -
2 70 - -
20 - \\*‘g 3 P w— 60 ﬂ.
15 - : M— 50
] 0.05 0 015 ] 0.05 01 215
distress costs distress costs
| 1
Firm Value = Credit Spread

—t—T=20
—-—T-10
=T=5
80 o 0.05 0.1 0.15
a 0.05 01 0.15 distress costs
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- 9w

V=100, P=80,1r=5%, 0=1%, a=0.5, freq=2W=5%,0 =02, c=10%

Equity Value Debt Value

0
0 0.1 0.2 03 0.4 05
tax rate tax rate
Firm Value Credit Spread
0.12 -
0.1
0.08 -
——T=20
0.0¢
=8=-T=10
0.04 - —4=T=5
0.02
0 01 02 0.3 04 05
tax rate tax rate

o _ "+ 5
Bl- 2 = L a
Equity Value Debt Value
30
25
20
15 +
10
5
0 ' 50
0 0.1 0.2 03 04 0.5 o 01 02 03 04 05
Taxrate Tax rate
Firm Value Credit Spread
140 - 014
0.09
120 - 0.08
0.07
100 - 0.06
0.05 ——T:20
30 0.04
0.03 --T=10
60 0.02 T
001 -
40 T o
1} 0.1 02 03 04 05 1} 0.1 0.2 03 04 05
Tax rate Tax rate

ffenh B A RF Rk RFCRHLL A 2P G kY g
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V=100, P=80,r=5%, 6=1%, a=0.5, freq =2w=5%, 7 =0.35, c=10%

Equity Value

0.05 0.1 0.15 0.2

wolatility

Debt Value

Firm Value

130 -
120

110
100 -

a0

03

0.12 4

N3 T

Equity Value B Debt Value
-
30 - = 130 -
=
25 - A
20 - el
——T=20 1 ——T=20
15 1
—=-T-10 —=-T=10
10 7 ——T=5 —Ts5
5 e
0.05 01 0.15 02 025 03 005 01 015 02 02s 03
volatility volatility
Firm Value Credit Spread
0.09 -
0.08 -
0.07
0.06 -
0.05 -
=720 004 =20
—-T=10 0.03 - —=T=10
—T=5 0.02 4 —T=5
0.01
0
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volatility
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V=100, P=80,1r=5%, 0=1%, a=0.5, freq=2Ww=5%, 7 =035, 0=0.2

Equity Value Debt Value
30
60
40
20
0 -
¢ 2.05 01 0.15 0.2 [1] 0.05 0.1 0.15 0.2
couponrate coupon rate
Firm Value Credit Spread
120 4
100
80 - ——T=10
—a—=T=10
60 -
——T=5
40
o 0.05 0.1
coupon rate
Bliz2=- Bk
Equity Value Debt Value
80 100
o0 80 -
0 —T-20 o0 - ——T=20
——T=10 —m—T=10
20 40
——T=5 —e—T=5
[ 20
o 0.C5 01 0.135 .2 [1] 0.05 c.1 0.15 0.2
coupon rate coupon rate
Firm Value Credit Spread
120 5
100
a0 - ——T=20} ——T=20
== =10 == =10
60 -
—4—T=5 —4—T=5
40
4] 0.05 01 0.15 o2 o 0.05 0.1 0.15 0.2
coupon rate coupon rate
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