
EXAMINATION IN SF2980 RISK MANAGEMENT, 2018-01-15, 14:00–19:00.

Examiner : Henrik Hult, tel. 790 6911, e-mail: hult@kth.se

Allowed technical aids : Everything except computers and communication devices.
All books, notes, old exams and similar are allowed. A calculator may be necessary.

Any notation introduced must be explained and defined. Assumptions must be
clearly stated. Arguments and computations must be detailed so that they are easy
to follow.

Good luck!

- - - - - - - - - - - - - - - - - - - -

Problem 1

In Figure 1 the empirical distribution function of a sample X1, . . . , X20 of 20 inde-
pendent and identically distributed observations of a net worth, X , is given. Give
an empirical estimate of ES0.15(X) (you must provide a numerical answer). (10 p)

Problem 2

In a constant proportion portfolio insurance (CPPI) strategy the value of the port-
folio at the beginning of the kth period is Vk−1, the value at the end of the kth
period is Vk, and the intended guarantee at time k is Gk. Suppose that the interest
rate is r = 0 and let Rk be the total return on a risky asset between k − 1 and k.
The return Rk is modeled as Rk = exp{µ + σZk} where µ = 0.05, σ = 0.2 and Zk

has a N(0, 1)-distribution. The strategy proceeds as follows.
At the beginning of the kth period you must decide on the leverage α to use for the
kth period. Given the leverage α, the amount α(Vk−1 −Gk) is invested in the risky
asset (until the end of the kth period) and the remaining capital Vk−1−α(Vk−1−Gk)
is invested in a cash account (with zero interest). Here it is assumed that Vk−1 > Gk.

(a) Determine, numerically, the maximum leverage α such that P (Vk < Gk) ≤ 0.01.
(5 p)

(b) Derive an explicit formula the maximum leverage α such that

ES0.01(Vk −Gk) ≤ β(Vk−1 −Gk),

where β > 0. (5 p)
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Figure 1: This figure relates to Problem 1. It gives the empirical distribution func-
tion of 20 independent observations of a net worth.

Problem 3

The risk management group at a company is developing a new scenario generator
for simulating future outcomes of the logreturns (X1, X2) of two financial assets.
Your task is to recommend one of the three model classes mentioned below. For
each of the model classes A, B and C, you must provide arguments in favour or
against using that model class for modelling (X1, X2) (you must argue in favour of
one model class and against the other two).
In each of the model classes the model parameters will have to be estimated but you
don’t have to explain how to estimate the unknown parameters.

Model class A: a two-dimensional tν(µ,Σ)-distribution.

Model class B: a model consisting of a tν-copula and marginal distributions N(µ1, σ
2

1
)

for X1 and a location-scale tξ(µ2, σ2) for X2.

Model class C: a model consisting of a Clayton copula and marginal distributions
N(µ1, σ

2

1
) for X1 and a location-scale tξ(µ2, σ2) for X2.

To argue in favour or against each of the three model classes you have access to
the following information.

• Quantile-quantile plot (Figure 2, left) of the empirical distribution of a sample
from X1 with respect to a standard normal reference distribution.
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• Quantile-quantile plot (Figure 2, right) of the empirical distribution of a sam-
ple from X2 with respect to a standard normal reference distribution.

• Estimate of Kendall’s tau, τ(X1, X2) ≈ 0.33.

• Esimate of upper tail dependence, λU(X1, X2) ≈ 0.32,

• Estimate of lower tail dependence λL(X1, X2) ≈ 0.31.

The estimated values can be assumed to be estimated with an error of at most
±0.02. (10 p)
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Figure 2: This figure relates to Problem 3. Left: quantile-quantile plot of the em-
pirical distribution of a sample from X1 with respect to a standard normal reference
distribution. Lower: quantile-quantile plot of the empirical distribution of a sample
from X2 with respect to a standard normal reference distribution.

Problem 4

A company is involved in n different projects and Xi denotes the net-worth (one
year from now) of the ith project, i = 1, . . . , n. Each project has to contribute to
the company’s risk buffer with amount corresponding to VaRp(Xi), where the level
p is to be determined. Consequently, the company’s risk buffer will be

VaRp(X1) + · · ·+VaRp(Xn).

The management of the company has decided that the company’s risk buffer must
be equal to VaR0.01(X1 + · · · + Xn) (the 1%-Value-at-Risk of the company’s total
net worth).
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(a) Determine a formula for p under the assumption that (X1, . . . , Xn)
T follows an

elliptical distribution with location parameter (0, . . . , 0)T and dispersion matrix Σ.
(Your answer may include the cdf and quantile function of a symmetric random
variable Y1.) (6 p)

(b) Determine a numerical value for p under the assumption that X1, . . . , Xn are
independent N(0, 1) random variables and n = 60. (A table of the standard normal
cdf is given at the end of the exam). (4 p)

Problem 5

Let X1, X2, . . . be independent and identically distributed random variables, with
cumulative distribution function F (x) = 1 − (1 + x)−3, x > 0, representing daily
claim amounts of insurance claims. The insurer may be interested in purchasing a
re-insurance contract that is activated if the maximum weekly (7 day) claim amount
over one year (52 periods of 7 days each) exceeds a high level. More precisely, the
re-insurance contract is activated if

max(X1 + · · ·+X7, X8 + · · ·+X14, . . . , X358 + · · ·+X364) > 100

Determine the probability that the re-insurance contract is activated. Any assump-
tions and approximations used must be motivated. (10 p)
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Figure 3: Standard Normal distribution


