Note #5 Fundamental Credit Risk Model
Wenhua Wang
Apr.15,2006

1. Survival Probability
CreditGrades provides two sets of the closed-formulas for survival probabilities. One is

theoretical and the other involves market observable parameters. They are as following

respectively.
Symbol definitions:
Symbol Meaning
L The recovery rate, which follows a lognormal distribution with mean
L and percentage standard deviation |
L The mean of the lognormal distribution of L
I The and percentage standard deviation of L
D The debt-per-share of the firm
F The cumulative normal distribution
R The asset specific recovery rate
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Survival probability (Lardy, Finkelstein, Khuong-Huu and Yang (2000))
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where
* Sp: 1itial stock price,
» §*: reference stock price,
* oy reference stock volatility,

* D: debt-per-share,

L: global debt recovery,

* ) percentage standard deviation of the default barrier



2. CDS pricing formula
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4. Greeks

The definitions for the Greeks are given in the CreditGrades documents as following:

a) The delta represents the sensitivity of the market value of a CDS to changes in the
firm’s equity price, and can be interpreted as the number of shares of the equity required
to offset small price moves.

del ta(S) _ CDS(S+DS)- CDS(S- DS)

2DS
b) The gamma represents the change in delta with respect to spot price moves
delta(S+DS) - delta(S- DS)

2DS
c) The asset vega represents the dollar change in the CDS value per 1 percent move in
asset volatility
vegals ) = CDS(s +Ds ;D CDS(s - Ds)
S
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5. Source code and algorithms
CDSGr eeks. j ava
Def aul t Probabi lity.java
CDSGr eeksTester. java
Def aul t Probabi lityTester.java



CDSGreeksTester and DefaultProbabilityTester will generate CSV format output, you
can redirect the results to a csv file and load it with Excel to draw charts.

Key points:

a) Annual default is calculated via an annuity formula

b) Cumulative default is one minus the survival probability

c) Reference stock volatilities were calculated according to 2.26



6. Test Results

Impact of lambda on Default Probability

VO/(LD) 2
Sigma 0.25
Risk -free Interest rate 0.05
Annualized Default Probability
1 2 3 4 5 6 7 8 9 10
0.1 0.0134 | 0.0421 | 0.0585| 0.0661 | 0.0694 | 0.0704 | 0.0702 | 0.0695( 0.0684 | 0.0673
0.2 | 0.0331| 0.0545 | 0.0648 [ 0.0692 | 0.0707 | 0.0707 | 0.0700 | 0.0690| 0.0678 | 0.0666
0.3 0.0689 | 0.0714 | 0.0730 | 0.0730 | 0.0722 | 0.0710 | 0.0696 | 0.0681  0.0667 | 0.0653
0.4| 0.1113 | 0.0887 | 0.0811 | 0.0767 | 0.0736 | 0.0710 | 0.0688 | 0.0669 | 0.0652 | 0.0637
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Greeks of CDS under CreditGrades

Parameters:
c 0.035
r 0.06
D 30
Lbar 0.5
SO 55
lambda 0.3
t 5
R 0.3
Delta
5 10 15 20 25 30 35 40 45 50
0.20 | -0.0978 | -0.0489 | -0.0251 | -0.0143 | -0.0089 | -0.0060 [ -0.0042 | -0.0031 | -0.0024 | -0.0019
0.25 | -0.0745| -0.0468 | -0.0272 | -0.0169 | -0.0113 | -0.0080 | -0.0059 | -0.0045 | -0.0035 | -0.0028
0.30 | -0.0550 | -0.0415 | -0.0264 | -0.0175| -0.0122 | -0.0089 | -0.0067 | -0.0052 | -0.0042 | -0.0034
0.35 | -0.0400 | -0.0355 | -0.0243 | -0.0169 | -0.0121 | -0.0091 [ -0.0070 | -0.0055 | -0.0045 | -0.0037
0.40 | -0.0290 | -0.0298 | -0.0217 | -0.0156 | -0.0116 | -0.0088 | -0.0069 | -0.0055 | -0.0045 | -0.0038
Delta versus Spot Price for a 5-year CDS
0.0000
-0.0100 —
-0.0200
<S
-0.0300 - /"
-0.0400
8
o -0.0500
: /
-0.0600 //
-0.0700 E(/
-0.0800 /
-0.0900 /
'01000 T T T T T
0 10 20 30 40 50 60
Spot Price
|+o.2o —%—0.25 0.30 0.35 —%— 0.40




Gamma

5 10 15 20 25 30 35 40 45 50
0.20 | 0.0101| 0.0070 | 0.0031 | 0.0015| 0.0008 | 0.0004 | 0.0003 | 0.0002 | 0.0001 | 0.0001
0.25| 0.0023| 0.0053 | 0.0028 | 0.0015| 0.0009 | 0.0005 | 0.0003 | 0.0002 | 0.0002 | 0.0001
0.30 | -0.0018| 0.0037 | 0.0023 | 0.0014 | 0.0008 | 0.0005 | 0.0004 | 0.0003 [ 0.0002 | 0.0001
0.35| -0.0035| 0.0025 | 0.0019 | 0.0012 | 0.0008 | 0.0005 | 0.0003 | 0.0003 | 0.0002 | 0.0001
0.40 | -0.0038| 0.0016 | 0.0015 | 0.0010 | 0.0007 | 0.0005 | 0.0003 | 0.0002 | 0.0002 | 0.0001
Gamma versus Spot price for a 5-year CDS
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Vega

5 10 15 20 25 30 35 40 45 50
0.20 | 2.8600| 3.6770 | 3.3594 | 2.9350 | 2.5746 | 2.2902 | 2.0672 | 1.8906 | 1.7485 | 1.6325
0.25| 1.3905| 2.5199 | 2.6651 | 2.5630 | 2.4110 | 2.2624 | 2.1305| 2.0167 | 1.9193 | 1.8357
0.30 [ 0.5127| 1.5970 | 1.9330 | 2.0100 | 1.9970 [ 1.9530 | 1.9004 | 1.8476 | 1.7980 | 1.7525
0.35| 0.0221| 0.9530 | 1.3456 | 1.5070 | 1.5710 | 1.5913 | 1.5910 | 1.5811 | 1.5667 | 1.5507
0.40 | -0.2318| 0.5270 | 0.9152 | 1.1089 | 1.2107 | 1.2661 | 1.2966 | 1.3131 | 1.3214 | 1.3248
Vega versus Spot Price for a 5-year CDS
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In particular, for default swaps on a credit with high stock price, vega increases with the asset
volatility, indicating the rise in downside risk with increasing uncertainty.




