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Question 1 [25 marks]

a) Table 1 below shows mean excess returns (returns in excess of the risk-free rate), standard devi-
ations, Sharpe ratios, and CAPM alphas for value strategies. The table is from the paper “Value
and Momentum Everywhere” by Asness, Moskowitz and Pedersen (2013), discussed in the lec-
tures. The results are reported as annualised numbers.

Table 1

Value Portfolios

P1 P2 P3 P3—PI

Mean  95%  10.6% 13.2%  3.7%
(t-stat)  (3.31)  (4.33) (5.19) (1.83)
Stdev  17.9% 154% 159%  12.8%
Sharpe 053  0.69  0.83 0.29
Alpha  —17% 08% 3.6%  5.3%
(t-stat) (—1.59) (1.02) (3.17)  (2.66)

Describe the construction of a value strategy and interpret the results reported in the table.
[8 marks]

b) Table 2 shows the results of momentum strategies, from the same paper.

Table 2

Momentum Portfolios

P1 P2 P3 P3—PI

Mean 8.8% 9.7% 14.2% 5.4%
(t-stat)  (2.96) (4.14) (4.82)  (2.08)
Stdev 18.6%  14.8% 18.5% 16.4%
Sharpe  0.47 0.66  0.77 0.33
Alpha —23% 02%  3.7% 6.0%
(t-stat) (—1.68) (0.29) (2.34)  (2.30)

Describe the construction of a momentum strategy and interpret the results reported in the table.
[8 marks]
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c) Table 3, taken from the same paper, shows the effect of combining value and momentum strate-
gies with equal weights.

Table 3

50/50 Combination

P3 — P1
Mean 4.6%
(t-stat) (3.98)
Stdev 7.2%
Sharpe 0.63
Alpha 5.7%
(t-stat) (5.05)

Discuss these results, making sure to draw relevant comparisons to the results in Tables 1 and 2.
[9 marks]

Turn Over
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Question 2 [25 marks]

The following information applies to parts 2a to 2c only. Assume that asset returns in an economy de-
pend on the realisation of two zero-mean risk factors, denoted by I; and I5. Three well-diversified port-
folios, denoted by A, B and C, are available whose returns are given by the following expressions:

Ry = 0.06 + 2I; + 41,
Rp =0.04 — I + 31,
Re = 0.08 + 311 + 315

a) Use assets A, B, and C to construct factor-replicating portfolios for Factor 1, Factor 2 and for the
risk-free asset in this economy. Show your calculations. [9 marks]

b) Write the APT pricing equation in this economy. [4 marks]

c) A fourth asset, denoted by D, is introduced in this economy. Its returns are given by
Rp = 0.09 + 41, + 21,

Are there any arbitrage opportunities in the economy? Explain. If such arbitrage opportuni-

ties exist, specify exactly how you would implement the arbitrage, assuming that only assets

A, B, C and D can be traded (i.e., you cannot trade the portfolios you constructed in part 2(a)
directly). [7 marks]

d) Assume that the CAPM holds, in which case, the return on any asset i can be written as:
R, = ry+ Bi(Rm - T'f) +¢&;

where 7 is the risk-free rate, R;, is the return on the market portfolio, and ¢; is the idiosyncratic
return, with E [¢;] = 0. Assume that the risk-free rate is constant, and that the idiosyncratic re-
turn is uncorrelated with both the market return and the idiosyncratic return of any other asset.
There are N risky assets in the economy. Denote by 1, and o2, the expected excess return and
the variance of the excess return of the market portfolio.

If P is an efficient frontier portfolio with CAPM beta equal to Sp, explain why P has the least
idiosyncratic risk among all portfolios with CAPM beta equal to Sp (Hint: you may find it useful
to write expressions for the expected return and variance of a portfolio in this economy).

[5 marks]
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Question 3 [25 marks]

You want to use the Black-Litterman model to decide on your investment allocation across US equity
sectors, for which the current market capitalisation (in US$ trillion) is shown in Table 4 below.

Table 4
Sector Market Cap
Communication Services 3.79
Consumer Discretionary 6.18
Consumer Staples 4.16
Energy 3.79
Financials 7.42
Health Care 7.41
Industrials 4.81
Information Technology 11.27
Materials 2.10
Real Estate 1.31
Utilities 1.54
Total 53.78

You also have historical data for the returns of the sector indices.

a) Denote the (known) variance-covariance matrix of sector excess returns as X, and the risk-aversion
parameter of a representative agent (i.e. you) as A\. Show how you can derive the market-implied
expected excess returns (denoted by the vector II) for these sectors. Determine your equilibrium
sector weights if you agree with these expected excess returns. [5 marks]

b) Suppose excess returns for all sectors have the same variance and are uncorrelated (this state-
ment is only true for part 3(b) and does not apply to the other parts of this question). That is, X
has the same diagonal terms, and all the off-diagonal terms are zero. Is the expected excess re-
turn of the Energy sector higher or lower than that of the Financials sector? Explain.  [5 marks]

c) Now, suppose you have uncertainty regarding the market-implied estimate of these sector ex-
pected excess returns, so that your beliefs for expected excess returns (denoted by the vector 1)
are captured by the following specification:

=TI+ ep

where the vector €); is normally distributed with mean 0 and variance-covariance matrix 7.
How does the introduction of these prior beliefs affect your optimal portfolio weights in these
sector indices and the risk-free asset? Show your calculation and explain the intuition. Suppose 7
is increased, how would your investment in the risk-free asset change? Explain. [5 marks]

Turn Over
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d)

e)

You have developed two views regarding the future expected excess returns of these sectors. They
are:

« the Energy sector will outperform the Real Estate sector by 1.2% over the next investment
period; and

« the Information Technology sector will underperform the market-value-weighted average of
Industrials, Utilities and Consumer Staples by 0.8%.

Specify these views in terms of the view matrices P and @ discussed in the lectures.  [5 marks]

You recognise that there is uncertainty regarding whether your views will prove correct, so that if
Pp=Q+ey,

you believe that €y is normally distributed with mean 0 and variance-covariance matrix ). Care-
fully explain how to combine these views with your prior beliefs about i to update your esti-
mates for expected returns and variance of the returns of these eleven sectors, providing explicit
expressions for them. Describe qualitatively how you would expect the resulting optimal weights
for each sector to differ from those from part 3(c). [5 marks]
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Question 4 [25 marks]

XYZ, a pension fund, has a liability of $100 million due in 5 years. The fund’s only asset is $70 million
held in cash. Two bonds, A and B, are currently trading in the market. Bond A is a 3-year, 7.5% coupon
bond with a face value of $100; coupons are paid annually. Bond B is a perpetuity with an initial cash
flow of $5 in one year’s time, with cash flows growing thereafter at 2% per year. Throughout this ques-
tion, assume the term structure of interest rates is flat at 10%.

(a) Calculate Bond A’s Macaulay Duration. [6 marks]

(b) The Macaulay Duration of a growing perpetuity with initial cash flow C; (at time 1), cash flow
growth rate g, and discount rate r is given by:

I+r
Dprge = ——
r—g
Using this expression, calculate the Modified Duration of Bond B. [3 marks]

(c) To manage its interest rate risk exposure, XYZ proposes creating a portfolio of bonds A and B
such that the following two conditions are met:

« The current values of the bond portfolio and the company’s liability are the same.

« The change in the value of the bond portfolio in response to a small, parallel shift in the
term structure matches the change in the value of the company’s liability.

How many units of Bond A and B must the company purchase today? [10 marks]

(d) Explain why the immunisation strategy in (c) is not static and outline some of the practical limi-
tations faced by the bond portfolio manager in implementing such a strategy. [6 marks]

End of Paper
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