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SEMESTER 1 EXAMINATION 2022-2023 
 
 

BR3213 Valuation and Risk Models 
 
 
 
November 2022                Time Allowed: 2 ½ Hours 
 
 
 
INSTRUCTIONS 
 
1 This paper contains SIX(6) questions and comprises SIX(6) pages and ONE(1) appendix 

of FOUR(4) PAGES. 
 
2 Answer ALL SIX(6) questions. 
 
3 This is a Closed-book examination. 
 
4 The number of marks allocated is shown at the end of each question.  
 
5 Begin your answer to each question on a separate page of the answer book. 
 
6 Answers will be graded for content and appropriate presentation. 
 

 
Note: Exam Questions begin on Page 2 
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Question 1 
 
(a) Write down and briefly explain the four properties that needs to be satisfied for a coherent 

risk measure.  
(8 marks) 

 
(b) The return of a one year project has the following probability distribution: 

 

𝑋 = {

−10, 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 0.02
−5, 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 0.13

6, 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 0.64
15, 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 0.21

 

 
 

i) Calculate the standard deviation of 𝑋 
(2 marks) 

 
ii) Calculate the one year Value at Risk (VaR) and the expected shortfall (ES) given that 

the return is below VaR, when the confidence level is 95%. 
(2 marks) 

 
iii) Suppose that there are two independent identical investments 𝑋  in the portfolio. 

Calculate the one year VaR and the ES given that the return is below VaR, when the 
confidence level is 95%. 

(5 marks)  
 

iv) Use your results from part (b)(iii), state whether VaR and ES satisfy the coherent risk 
measure requirements. 

(2 marks) 
 

(TOTAL: 19 marks) 
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Question 2 
 
Within the mean-variance portfolio theory framework,  

 
(a) Draw a graphical representation of the risky-asset only opportunity set in 𝜇 − 𝜎 space, 

where 𝜇 represents the portfolio mean return and 𝜎 represents the portfolio return standard 
deviation. 

(1 mark) 
 

(b) What does efficient portfolio mean? 
(1 mark) 

 
 

(c) Briefly describe and explain the formation of the new efficient frontier when risk-free asset 
is introduced. 

(2 marks) 
 

(TOTAL: 4 marks) 
 

 
Question 3 
 
Suppose a bank has a loan portfolio that includes 𝑛 identical loans. Each loan has a total amount 
of 𝐿 being borrowed, with the same probability of default 𝑝 and the recovery rate 𝑅 in the event 
of default. The default correlation between each pair of loans is constant as 𝜌. 
 
Write down the expected loss and standard deviation of losses of this portfolio. 

(4 marks) 
 

 
 
Question 4  
 
(a) You are given the following information on the spot rates for the next 3 years: 

 
Maturity Spot rates p.a. Discount factor 1-year Forward rate 

1 3.60%  N.A. 

2 3.80%   

3 3.90%   

 
Calculate the discount factors for the maturity times 1,2 and 3. Calculate the 1-year forward 
rates for investment between time 1 and 2, and investment between time 2 and 3. 
 

(10 marks) 
 
Note: Question No.4 continues on page 4 
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Question 4 (continued) 
 

(b) A bond pays annual coupon at a rate of 5% has exactly 2 years to maturity. Given that the 
par value of the bond is $1000,  
 

i) Calculate the price of the bond. 
(2 marks) 

 
ii) Calculate the carry-roll-down of this bond at time 1 assuming that the forward rates 

are realized. 
(3 marks) 

 
iii) Calculate the yield to maturity of the bond. 

(3 marks) 
 
(c) A bond that matures at time 3 pays annual coupons. Let 𝑝 be the par rate for this bond. 

Derive a formula for 𝑝 using the discount factors provided in the table above. Hence or 
otherwise calculate 𝑝 for this bond. 

(4 marks) 
 

(TOTAL: 22 marks) 
 
 
Question 5  
 
A stock is currently priced at $30. After one period at time 1, the stock price either increases by 
20% with a probability of 0.6, or decreases by 15%. The risk-free continuously compounding 
interest rate is 4%. 
 
Consider a one period European call option on this stock with strike price of 𝐾 = 32. 
 
 
(a) Write down the payoffs of the call option at time 1. Calculate the expected payoff. 

(4 marks) 
 

(b) Use the binomial tree method, construct a replicating portfolio that replicates the payoff of 
the option. Clearly indicate the units of stocks and cash to be held in this replicating 
portfolio. 

(4 marks) 
 

 
 
 
 
 
Note:  Question No.5 continues on page 5 
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Question 5 (Continued) 
 
 

(c) Hence or otherwise, calculate the price of this option at time 0.   
(2 marks) 

 
(d) At time 0, how much is the option’s intrinsic value and how much is the option’s time 

value? 
 

(2 marks) 
 
Now consider a two period American put option that can be exercised at time 1 or time 2 on this 
stock with strike price of 𝐾 = 32. 
 
(e) Use the binomial tree method, decided whether it is better for the investor to exercise the 

option at time 1 and under what condition. 
(10 marks) 

 
(f) Hence or otherwise, calculate the price of this American put option at time 0. 

(4 marks) 
 

(TOTAL: 26 marks) 
 
 
Question 6  
 
(a) The underlying asset of a European call option is currently selling at $53 with stock price 

volatility estimated at 20% per annum. The call option has a strike price of $55 and matures 
in three months. Use the Black-Scholes formula to calculate the option price given that the 
continuously compounding risk free-rate is 3%.  

(8 marks) 
 

(b) Given the same underlying asset, strike price and time to maturity, briefly explain the 
differences between an American call option and European call option. In addition, discuss 
why the American call option should have the same value as the European call option if 
the underlying asset does not pay any dividends. 

(5 marks) 
 
 
 
 
 
 
 
 
Note:  Question No.6 continues on page 6 
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Question 6 (Continued) 
 
(c) Write down the definition of the five Greeks, including Delta, Theta, Vega, Rho and 

Lambda, for analyzing the option values. For an European call option, briefly indicate and 
explain the sign (positive or negative) of each Greeks. 

(10 marks) 
 

(d) What distribution is assumed for the stock price under the Black-Scholes model? 
(2 marks) 

 
(TOTAL: 25 marks) 

 
 
 

 
 
 

– END OF PAPER – 
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APPENDIX 1: SELECTED FORMULAE 
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-END OF APPENDIX 1- 
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