CQF Module 2 Examination

June 2017 Cohort

Instructions

Answers to all questions are required and complete mathematical and computational workings must be provided. Submit one .pdf le and one Excel le (if used), and other les and code as a .zip archive please. Do refer to lecture notes and exercise solutions. 

Portfolio computational tasks are best solved by matrix manipulation on a spreadsheet. Use Excel functions MMULT(), MINV() and TRANSPOSE(). If familiar, can use Python, Matlab or R.

Optimal Portfolio Allocations [65%]

Consider an investment universe composed of the following risky assets with a dependence structure
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Question 1. Consider the optimization for a target return m s.t. constraints

	argmin
	1
	w0
	w   s.t. w01 = 1;  w0  = m

	
	2
	
	

	w
	
	
	


Formulate the Lagrangian function and its partial derivatives only. No further derivation required.

Compute the allocations w and portfolio standard deviation = pw0 w, for m = 7% using the appropriate formulae from Portfolio Optimisation Lecture.


Con rm that the covariance matrix
implied by the data above is positive de nite,

x0 x > 0
8x 6= 0

to implement, assume x0 = (x1; x2; x3), pre- and post-multiply the numerical matrix and present the quadratic equation result.
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Question 2. Global Minimum Variance portfolio is obtained by optimising s.t. the budget constraint

	argmin
	1
	w0
	w   s.t. w01 = 1
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Obtain the analytical solution for optimal allocations w from the  rst principles: here you need to do a derivation for the multiplier and allocations from the Lagrangian function and its derivatives.

Use the formulae in order to compute the optimal allocations w .

Question 3. Provide de nitions of Tangency Portfolio and the slope of Capital Market Line. Brie y explain its role in evaluating investments.

Compute tangency portfolio allocations, standard deviation, and the slope value for a range of risk-free rate values 0:5%; 0:75%; : : : ; 4%. Present results in a table. Note: you do not need to derive the formulae here, use the appropriate formulae from Portfolio Optimisation lecture.

Question 4. For the tangency portfolio allocations wT , risk-free rate of 1%, and con dence level c = 99%, compute the following risk measures:

Portfolio Analytical VaR, assume inputs are annualised and no further scaling needed, so the VaR is a one-year prediction,

p


VaRc(  )
=
w0  + Factor
w0 w

where Factor =
1(1 c) is a standardised percentile drawn from the Normal inverse cdf. p


Expected Shortfall with portfolio return    = w0  (assumed positive) and risk   =  w0 w

1
(Factor)

ESc(  ) =
+
:


Value at Risk on FTSE 100 [35%]

Imagine that each morning you calculate 99%/10day VaR from the available prior data. After ten days, you compare that VaR number to the realised ten-day return and check if your prediction about the worst loss was breached. The log-return is de ned r1D;t = ln(St=St 1) where St is an asset price today. You are given a dataset of FTSE 100 prices, continue in Excel.

Question 5. Calculate the 99%/10day Value at Risk for an investment in the market index on the rolling basis using the simpli ed formula below,


p


VaRt = Factor
t
10

where Factor is a percentile of the standard Normal that cuts 1% on the tail.

Standard deviation is computed over daily log-returns for observations 1  21; 2  22; : : :. There are 21 observations in each sample. You have VaR for each day t after the initial period. The note will not be re-explained: regardless of how many observations there are in a sample (10, 21,

	2
	
	(rt    )2

	100, etc.),  t
	is an average of daily di erences
	P(N  1)
	and so, timescale remains `daily'.



Each VaR value is a loss prediction for a ten-day period (we will be comparing it to a 10-day return). p    p


The formula uses additivity of variance,
t
10 =
10
t2 =  t;10D.
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Question 6. Calculate two numbers: (a) the percentage of VaR breaches and (b) the probability of breach in VaR, given a breach was observed for the previous period.

r10D;t
VaRt
means breach, given both numbers are negative:

VaR is xed at time t and compared to the return realised from t to t + 10. A breach occurs when the forward realised 10-day return r10D;t = ln(St+10=St) is below the VaRt quantity.

Plot time series of VaRt and indicate breaches. Brie y discuss: are the breaches independent? In Excel, you will have a column for VaRt series, a column of realised r10D;t series, and indicator

column f0; 1g for a breach.

{ Nbreaches=Nobs gives the percentage of breaches. Identify the eligible number of observations (for which VaR is available and can be backtested) and the number of breaches.

{ To obtain conditional probability of breach in VaR, identify consecutive breaches, eg, the se-quence 1; 1; 1 means two consecutive breaches. Then, the probability is calculated as Nconseq=Nbreaches.

Log-returns over the small scale being Normally distributed is the main assumption of Analytical VaR. Without the assumption in place, the Normal Factor is not applicable. Conclude if the assumption was reasonable for the 1D and 10D timescales of FTSE100 returns.


END OF EXAM
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