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Contribution 

1. Conclusions about the dynamics of changes of embedded 

option premium; represented by the direction and 

sensitivity; with respect to the changes of credit rating 

and also risk-free interest rate development. 

  

1. To simplify the topic for financial practitioners. 

 



3-D Tree 
We are about to consider a 3-dimensional process where the 
dimensions are: 

 

1. dimension - time  

2. dimension - risk-free interest rates 

development (Hull-White model) 

3. dimension - rating development 

proces (derived from transition S&P 

matrix) 

Using risk neutrality concept. 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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3-D Tree 

𝑃𝑡,𝑖,𝑐𝑟 = 𝑞𝑠 𝑃𝑠,𝑡+11 + 𝑖𝑡𝑛
𝑠=1  

The price P at each node is given by the formula, where t is 

time, i is the value of risk-free rate at the point of time t, cr is 

current credit rating value and q denotes the probability of each 

way from the note. 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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3 dimensional process simulation example 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Rating development (rating tree) 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Rating development (rating tree) 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Rating development (rating tree) 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Rating development (rating tree) 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Risk-free interest rate development  
(interest rate tree) 

Hull-White model 
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NumericalResults  
(example: Typical bond, 30 years, fixed 

coupon rate, recovery rate 0/35) 
Matlab implementation 



Price of bond with respect to credit rating 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Price of bond with respect to credit rating 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Price of bond with respect to credit rating 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Price of bond with respect to credit rating 

Rate: 1.0 1.2 1.4 1.6 1.8 2.0 

AAA 100,2 100,2 100,2 100,2 100,2 100,2 

AA+ 100,2 100,2 100,2 100,2 100,2 100,2 

AA 100,2 100,2 100,2 100,2 100,2 100,2 

AA- 100,2 100,2 100,2 100,2 100,2 100,2 

A+ 100,2 100,2 100,2 100,2 100,2 100,2 

A 100,2 100,2 100,2 100,2 100,2 100,2 

A- 100,2 100,2 100,2 100,2 100,1 100,1 

BBB+ 100,1 100,1 100,1 100,1 100,1 100,1 

BBB 99,8 99,8 99,8 99,8 99,8 99,8 

BBB- 98,7 98,8 98,9 98,9 99,0 99,0 

BB+ 96,0 96,2 96,3 96,5 96,6 96,8 

BB 89,9 90,3 90,6 91,0 91,4 91,7 

BB- 79,2 80,0 80,7 81,4 82,0 82,6 

B+ 64,0 65,1 66,2 67,3 68,2 69,2 

 B 46,4 47,7 49,0 50,2 51,4 52,6 

 B- 30,0 31,2 32,4 33,6 34,7 35,8 

 CCC 12,5 13,2 14,0 14,7 15,4 16,0 

 D 0,0 0,0 0,0 0,0 0,0 0,0 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Price of embedded call/put option 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Price of embedded call/put option 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Call/Put option premium sensitivity with respect 
to the development of credit risk 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Call/Put option premium sensitivity with respect to the 
development of credit risk 

Source: https://journals.vgtu.lt/index.php/BTP/article/view/8140/7057 
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Conclusions 

1. The value of option premium of embedded call/put option 

increases with the worsening of credit rating.  It could be well 

explained by the higher volatility of underlying asset price in the 

area of worse rating.  
 

 

2. Based on the parameters of rating transition matrix, the 

sensitivity may not increase continuously (it increases in 

average); also the surface is not smooth because of parameters 

of the rating transition matrix. 
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