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Problem Set 9

Due on May 4

1. a) Let Yi ∼ Sd(ψi), i = 1, . . . , n, be independent spherically distributed random vectors and
α1, . . . , αn ∈ R. Show that Z =

∑n
i=1 αiYi is again spherically distributed.

b) Assume that the daily losses of an investment during the next t days are given by
(X1, . . . , Xt) ∼ Mt(0,Σ, F̂W ) for a non-negative random variable W and a t × t matrix
Σ = σ2P , where σ > 0 is a constant and P a correlation matrix with Pij = ρ for all i 6= j.
Show that there exists a function f : N→ R such that

VaRα(X1 + · · ·+Xt) = f(t)VaRα(X1)

for all α ∈ (0, 1). Can you compute f explicitly?

c) Let X ∼ Ed(µ,Σ, ψ) and Y ∼ Ed(ν,Σ, ϕ) be two independent elliptical random vectors. Is
Z = X+Y again elliptically distributed? If yes, derive m ∈ Rd, M ∈ Rd×d and ξ : R+ → R
such that Z ∼ Ed(m,M, ξ). If no, give a counterexample.

2. a) Does there exist a two-dimensional random vector with a t2(ν, µ,Σ)-distribution such that
Σ is invertible and the components are independent of each other?

b) Does there exist a two-dimensional random vector with a t2(ν, µ,Σ)-distribution such that
the components are independent of each other?

c) Does there exist a two-dimensional random vector such that both components have a
standard one-dimensional t-distribution and are independent of each other?

d) Does there exist a t2(ν, µ,Σ)-distribution that is spherical?

3. Give a two-dimensional elliptical distribution that is not a normal or a t-distribution.


