
Financial risk management

Problem Sheet 7

Exercise 1 (Stock portfolio loss). Consider a �xed portfolio of d stocks.

Denote St,i the price of stock i at time t and αi the number of shares of

stock i in the portfolio at time t. Following standard practice in �nance, use

logarithmic prices as risk factors, i.e. Zt,i = logSt,i, 1 ≤ i ≤ d. Risk-factor

changes Xt+1,i = logSt+1,i − logSt,i then correspond to log-returns of the

stocks in the portfolio.

Show that the loss of the portfolio for the period from t to t+ 1 is

Lt+1 = −Vt
d∑
i=1

ωt,i{exp(Xt+1,i)− 1},

and give the form of ωt,i and its interpretation.

Exercise 2 (VaR and ES for normal, exponential amd uniform distribu-

tions). Denote by α ∈ (0, 1) the con�dence level of VaRα and ESα.

1. Compute VaRα and ESα if the loss distribution FL is normal with

mean µ and variance σ2.

2. Compute VaRα and ESα if the loss distribution FL is exponential with

rate λ > 0.

3. Compute VaRα and ESα if the loss distribution FL is uniform over

[a, b].

Exercise 3. Suppose now the loss L is such that L̃ =
L− µ
σ

has a standard

t distribution with v > 1 degrees of freedom. Show that in that case we have

ESα(L̃) =
gv(t

−1
v (α))

1− α

(
v + (t−1

v (α))2

v − 1

)
where tv denotes the distribution and gv the density of the standard t.

Exercise 4 (VaR of skewed loss distribution). Consider d = 100 defaultable

corporate bonds having each a face value of EUR 1000, an annual coupon

of 5% and a time to maturity of one year. Suppose that the current price of

each bond is EUR 1000; they all trade at par. Assume that defaults on the

di�erent bonds are independent; the default probability is identical for all

bonds and is equal to 2%. Denote Li the loss on a bond of company i over
the next year and Ii the default indicator of �rm i, i.e. Ii is equal to one if

bond i defaults and zero otherwise.
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1. Write the loss Li as a function of the default indicator Ii.

2. Write the probability distribution of Li.

3. Compare the following two portfolios each of value EUR 1000. Portfolio

A in fully concentrated on one bond (100 units of bond one, say), and

portfolio B is fully diversi�ed (one unit of each of the 100 bonds).

Which of the two portfolios is intuitively the least risky? Compute

VaR0.95 for both portfolios and comment.

Exercise 5 (Square-root-of-time scaling). Denote L
(h)
t+h the loss from time

t over the next h trading days, and denote VaR
(h)
α the coresponding Value-

at-Risk with con�dence level α ∈ (0, 1). Suppose the risk-factor change

vectors Xt corresponding to log returns are independent and identically dis-

tributed with distribution N(0,Σ).

1. Show that VaR
(h)
α =

√
hVaR

(1)
α .

2. Show that ES
(h)
α =

√
hES

(1)
α .

Exercise 6. Consider daily losses on a position in a particular stock. The

current value of the portfolio equals V = 10 000.

1. Write down the linearized loss of this portfolio in terms of daily log-

returns on the stock. Assume those returns have a mean of 0 and a

standard deviation of σ = 0.2/
√

250.

2. Compare VaR and ES estimates for α = 0.90, 0.95, 0.975, 0.99, 0.995
for two di�erent models for the distribution:

• a normal distribution

• a t distribution with v = 4 degrees of freedom scaled to have

standard deviation σ.

Coment the results.
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