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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:
-10, with probability 0.02
¥ = -5, with probability 0.13
N 6, with probability 0.64
15, with probability 0.21
1) Calculate the standard deviation of X
(2 marks)

i1) 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)

ii1) 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)



ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

BR3213

Question 2

Within the mean-variance portfolio theory framework,

(a) Draw a graphical representation of the risky-asset only opportunity set in u — o space,
where pu represents the portfolio mean return and o represents the portfolio return standard
deviation.

(1 mark)

(b) What does efficient portfolio mean?

(1 mark)

(©) 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 p.

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,

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

i1) Calculate the carry-roll-down of this bond at time 1 assuming that the forward rates
are realized.
(3 marks)

i1i1) 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)

) 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)
(©) 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
BINOMIAL PRICING (“TREE”) MODEL

Risk-neutral probabilities

l‘ﬂ.f_d

u-d =’

Up-step probability = ¢
SV +gat

where 1 =

aﬂd d"' e—ﬁﬁ‘fq&fl

BLACK-SCHOLES FORMULAE FOR EUROPEAN OPTIONS

Geometric Brownian motion model for a stock price 5,
dS; = 5;(udt + od:)

Black-Scholes partial differential equation
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Garman-Kohlhagen formulae for the price of call and put options

Call: ¢;=S;e 9T 0(d) - Ke ™I Dd(dy)
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Probabilities for the Standard Normal distribution

The distribution function 15 denoted by @(x), and the probability density function 15 denoted
by 6(x).

x x e @(x
®(x) =j_m¢{r}dr =ﬁj "~ e ar ()

0.00 050000 040 065542 080 078814 120 088493 160 0.94520
0.01 050399 041 063910 0.81 079103 1211 083636 161 094630
0.02 050798 0.4 066276 0.82 079389 111 088877 162 094738
0.03 0351197 043 066640 083 079673 L1213 089065 1.63 094845
0.04 051395 044 067003 084 079955 L4 089251 164 054950
0.05 051994 045 067364 085 080234 115 089435 165 095033
0.06 052392 046 067724 086 080511 L6 089617 166 095154
0.07T 0352790 047 063082 0.87 080785 117 089796 167 095234
0.08 0353188 048 063439 088 081057 1218 089973 168 0.95352
0.09 053386 0.49 068793 0.39 0381327 129 090147 1.69 095449
0.10 053983 0.50 069146 090 081594 130 090320 1.70 0.95543
0.11 0354380 0.51 069497 091 0818359 131 0950490 1.71 0.95637
0.12 054776 051 0.69847 2 0.82121 131 090658 1.7 0.95728
013 053172 053 070194 093 082381 133 0590824 173 0.958138
0.14 055367 054 070540 0.94 082639 134 050988 1.74 095907
0.15 033962 055 0. 095 032394 135 091149 175 0935994
0.16 0563 0.56 071226 0. 083147 136 091309 1. 0.96080
0.17 056749 0.57 071566 097 083398 137 0391466 177 0.96164
0.18 057142 0.58 071904 098 083646 1 091621 1.78 0.96146
0.19 057535 059 072240 0 083891 139 091774 0.96327
0.20 057926 0.60 072575 LO0 084134 140 091924 1.80 0.96407
0.21 0358317 0.61 072907 101 084375 141 052073 181 0.96485

.22 058706 061 073237 1.0 084614 142 092220 1.8 096562
0.23 059095 0.63 073565 103 084349 143 092364 183 096638
0.24 055%483 064 073891 104 085083 144 052307 1.84 096712

.15 059871 065 074215 105 083314 145 092647 1.85 096784
0.26 060257 066 074537 106 085543 146 092785 1.86 096856

.27 060642 067 074857 107 085769 147 052922 187 096926
028 061026 0468 075175 1.08 085993 148 093056 1.88 0.96995
0.29 061409 0.69 075490 109 086214 149 093189 1.89 097062
030 061791 070 075804 110 086433 150 093319 190 097128
031 062172 071 076115 111 086650 1.51 093448 191 097193
032 062552 0.7 0.76424 1.1 086864 151 093574 191 097257
033 062930 0.73 076730 113 087076 1.53 093699 193 097320
034 063307 074 077035 114 087286 1.54 093822 194 097381
035 063683 075 077337 115 0357493 155 093943 195 097441
036 064058 0.76 077637 116 087698 156 094062 196 097500
037 064431 077 077935 117 087900 157 094179 197 097558
038 064803 078 078130 118 088100 158 094295 198 097615
0.39 065173 0.79 0.78524 119 088298 159 094408 199 097670
040 065542 0.80 078814 1.20 088493 1.60 054520 200 0597725
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Probabilities for the Standard Normal distribution
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Percentage Points for the Standard Normal distribution

The table gives percentage points x defined by the equation

o

P X P X P X P X P P X

50% 00000 5.0% 16449 3.0% 18808 2.0% 20537 L0% 23263 0.10% 3.0002
45% 01257 4.8% 1.6646 29% 1.83957 19% 20749 0.9% 23656 0.09% 3.1214
40% 02533 4.6% 16849 2.8% 19110 1.8% 20969 0.8% 24089 0.08% 3.1559
35% 03853 44% 17060 2.7% 19268 1.7% 21201 0.7% 24573 0.07% 3.1947
30% 05244 42% 17279 26% 19431 1.6% 21444 0.6% 25121 0.06% 3.2380

X

25% 06745 4.0% 17507 25% 19600 1.5% 21701 0.5% 25758 0.05% 3.2905
20% 08416 3.8% 1774 24% 19774 14% 21973 04% 26521 0.01% 3.7190
15% 1.0364 3.6% 17901 23% 19954 1.3% 22262 03% 27478  0.005% 3.8906
10% 1.2816 3.4% 1.8250 2.2% 20141 12% 22571 02% 28782 0.001% 4.2649

5% 1.6449 32% 18522 21% 20335 1.1% 22904 0.1% 30902 0.0005% 44172

-END OF APPENDIX 1-
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