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1 An investor holds a portfolio consisting of N assets in equal proportions.
Derive an expression for the variance of the portfolio as N gets very large.

[You may assumethat all assets have variance less than a certain level V4. You may
also assume that the average covarianceis T .

[6]

2 An investor wishes to measure the investment risk presented by an asset which has the
following distribution:

Sate Return Probability

1 10% 0.5
2 20% 0.3
3 50% 0.2

() Evaluate three different measures of investment risk for this asset. Where
necessary, you may assume a benchmark return of 25%. [4]

(i) @ State two key properties of Value at Risk (VaR).

(b) VaR isfrequently calculated assuming a normal distribution of returns.
State an advantage and a disadvantage of this approach.
[2]

[Total 6]
3 An investor has the choice of the following assets that earn rates of return as follows
in each of the four possible states of the world:
Sate  Probability  Assetl Asset2 Asset3
1 0.2 5% 5% 6%
2 0.3 5% 12% 5%
3 0.1 5% 3% 4%
4 0.4 5% 1% 7%
Market capitalisation 10,000 17,546 82,454
Determine the market price of risk assuming CAPM holds.
Define al terms used. [6]
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4 Let R denote the return on security i given by the following multifactor model
Ri=g+b i +bolo+...+b 1 +¢

&, and ¢; are the constant and random parts respectively of the component of the return
unique to security i.

l4, ... I arethechangesin aset of L indices.
b;  is the sensitivity of security i to factor k.

0] State the category of the above model where:
@ index 1isapriceindex

index 2 istheyield on government bonds
index 3 isthe annual rate of economic growth

(b) index 1isthelevel of Research and Development expenditure
index 2 isthe price earnings ratio

[2]
(i) Determine the number of parametersto be estimated in a single index model

and in amultifactor mode!. [4]
[Total 6]

5 The following unusual model has been proposed for the (real-world) stochastic
behaviour of the short term interest rate:
dr; = pr dt + cdZ,,

where u > 0 and ¢ are fixed parameters and Z is a standard Brownian motion under
the proposed real-world measure P.

Under the same measure P, a (zero coupon) bond with maturity T has price at time't
B(t, T) = exp(~(T - 1) ry+ o4(T - 1)¥/6).

€) Derive the SDE satisfied by B(t, T).

(b Determine the market price of risk and deduce the corresponding SDE for r,
under the risk neutral measure Q.
[7]
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6 One particular company over which an investment bank writes European call options
has experienced a severe fall in its share price. However, analysts have not revised
their expectation that the share price will grow to £4 in six months. The table below
shows the share price together with the price of the options.

Date Shareprice  Option price
1 November £3.00 £0.90
2 November £2.00 £0.60

Y ou may assume that the basic Black-Scholes framework is used to price the options.

() Explain why the option price has fallen even though the expected return has

increased according to the analysts. [3]

(i) State any requirements for the option price to have fallen to itslevel on 2
November. [3]
[Total 6]

7 0] Outline the approach adopted by Shiller to test for “excessive volatility” and
state the criticisms of hiswork. [7]

(i)  State one difficulty of testing the strong form of the efficient market

hypothesis and state the general conclusion of studies carried out on it. [2]
[Tota 9]

8 () State the martingal e representation theorem, including conditions for its
application, defining all terms used. [3]

Let S denote the price of an underlying security at timet; r denotes therisk free rate
of return expressed in continuously compounded form, B, represents an accumulated
“bank account” at timet that earns the risk free rate of return.

Let X be any derivative payment contingent on F+, payable at some fixed future time
T, where Ft isthe sigmaalgebragenerated by S, for O<u<T.

Y ou may assume that, under the equivalent measure Q, the process
D,=e" Sisamartingale

and that
dS = B,(rD,dt + dDy)

(i) Show that the value of thisderivative at timet<Tis

V= e "9 Eg[X| F{ [11]
[Total 14]
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10

() Describe the role that the inflation model plays within the Wilkie model.  [3]

The Wilkie model proposes an AR(1) process for the continuously compounded rate
of inflation I(t) that can be written as:

[(t) =a+bl(t-1) + (1)
Where (t) ~ N(0, t2) and a and b are constants with -1 < b < 1.

(i) Derive an expression for the long term average rate of inflation in terms of a
and b. [1]

(i)  Explain why amodel of the form above would not be suitable for share prices.

[3]

(iv)  Explain why alognormal model may be used for share prices and state its
weaknesses. [8]
[Total 15]

An investment bank has issued a derivative on a share (with share price, S, of 100)
that provides for the following payoff after two months:

F(9=In(S-90) if S>90
=0 otherwise

Y ou may assume that:

e Thereexistsarisk free asset that earns 5% per month, continuously compounded.
e The expected effective rate of return on the share is 2% per month.
e The monthly standard deviation of the log share price is 10%.

0] By using atwo period recombining model of future share prices, derive the
state price deflators at time 2. The parameters determining the share price
after an up-jump and down-jump should be determined by considering the
standard deviation of the log share price. [9]

(i) Using the state price deflators from (i) derive the value at time zero of the
option. [3]

The delta of this derivative at time zero is 7% and the gammais 10%. The bank
which issued the derivative wishes to delta hedge its position in the most efficient
manner. Assume that the share price can aso be modelled in continuous time with a
geometric Brownian motion with volatility (diffusion parameter) of 0.1 consistent
with a Black-Scholes framework.

(iii)  Determine the delta hedging portfolio, as a combination of the risk free asset,
the underlying share, and a European Call option on the share with term of
3 months and exercise price of 100. [13]
[Total 25]

END OF PAPER
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