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Explain your reasoning for why you have answered a certain value.

Exercise 1 You have the following sample of values:

3; 3; 5; 5; 6; 7; 8; 8; 8; 12:

You make two estimates of the cumulative hazard rate function H(x). Ĥ1(x) is
the Nelson-Aalen estimate assuming that all the data points re�ect uncensored
values. Ĥ2(x) is the Nelson-Aalen estimate assuming that all data points of 5

and 8 are actually points of right censoring. Find
���Ĥ1(10)� Ĥ2(10)���.

Response: 1

Exercise 2 Losses from a Mutual Insurance Company are denoted by a random
variable X that follows a Pareto distribution with � = 3 and � = 1; 000. The
Mutual Insurance Company requires policyholders to have a franchise deductible
of 500. Find the expected cost per loss under this policy.

Exercise 3 Losses in 2016 from falling cows follow an exponential distribution
with mean � = 340. Falling Cow Insurance Company requires policyholders to
have an ordinary deductible of 200. Losses in 2017 are uniformly 30% higher
than in 2016.
a) Show that losses in 2017 follows an exponential distribution and �nd its mean.
b) Deduce the expected cost per loss E(Y L) in 2017.

Exercise 4 Dental claims for 2008 are distributed exponentially. During 2008,
the company did not impose a deductible or upper limit. The variance of the
claims was 40; 000. Dental claims for 2009 increase uniformly for by 20%. For
2009, the company also imposes an ordinary deductible of 50 and an upper limit
so that the most the company will pay on any claim is 250. Calculate the expected
claim amount per loss event E(Y L).
Hint: for a policy subject to an ordinary deductible d and a policy limit u�,
Y L = (X ^ u)� (X ^ d), with u = u� + d.

Exercise 5 For a portfolio of policies, you are given:
(i) There is no deductible and the policy limit varies by policy.
(ii) A sample of ten claims is:
350 350 500 500 500+ 1000 1000+ 1000+ 1200 1500
where the symbol + indicates that the loss exceeds the policy limit.

Determine Ŝ(1250) the Kaplan-Meier product-limit estimate of S(1250).

Exercise 6 Given the following grouped data.

Claim size Number of claims
(0; 35] 18
(35; 95] 230
(95; 145] 320
(145; 300] 120
(300; 500] 312
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Assume a uniform distribution of claim sizes within each interval. Find the
density function corresponding to this data set.
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A.2.3 Two-parameter distributions

A.2.3.1 Pareto (Pareto Type II, Lomax)–α, θ

f(x) =
αθα

(x+ θ)α+1
F (x) = 1−

µ
θ

x+ θ

¶α
E[Xk] =

θkΓ(k + 1)Γ(α− k)

Γ(α)
, −1 < k < α

E[Xk] =
θkk!

(α− 1) · · · (α− k)
, if k is an integer

VaRp(X) = θ[(1− p)−1/α − 1]

TVaRp(X) = VaRp(X) +
θ(1− p)−1/α

α− 1 , α > 1

E[X ∧ x] =
θ

α− 1

"
1−

µ
θ

x+ θ

¶α−1#
, α 6= 1

E[X ∧ x] = −θ ln
µ

θ

x+ θ

¶
, α = 1

E[(X ∧ x)k] =
θkΓ(k + 1)Γ(α− k)

Γ(α)
β[k + 1, α− k;x/(x+ θ)] + xk

µ
θ

x+ θ

¶α
, all k

mode = 0

A.2.3.2 Inverse Pareto–τ , θ

f(x) =
τθxτ−1

(x+ θ)τ+1
F (x) =

µ
x

x+ θ

¶τ
E[Xk] =

θkΓ(τ + k)Γ(1− k)

Γ(τ)
, −τ < k < 1

E[Xk] =
θk(−k)!

(τ − 1) · · · (τ + k)
, if k is a negative integer

VaRp(X) = θ[p−1/τ − 1]−1

E[(X ∧ x)k] = θkτ

Z x/(x+θ)

0

yτ+k−1(1− y)−kdy + xk
∙
1−

µ
x

x+ θ

¶τ¸
, k > −τ

mode = θ
τ − 1
2

, τ > 1, else 0

A.2.3.3 Loglogistic (Fisk)–γ, θ

f(x) =
γ(x/θ)γ

x[1 + (x/θ)γ ]2
F (x) = u, u =

(x/θ)γ

1 + (x/θ)γ

E[Xk] = θkΓ(1 + k/γ)Γ(1− k/γ), −γ < k < γ

VaRp(X) = θ(p−1 − 1)−1/γ
E[(X ∧ x)k] = θkΓ(1 + k/γ)Γ(1− k/γ)β(1 + k/γ, 1− k/γ;u) + xk(1− u), k > −γ

mode = θ

µ
γ − 1
γ + 1

¶1/γ
, γ > 1, else 0
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A.3.3 One-parameter distributions

A.3.3.1 Exponential–θ

f(x) =
e−x/θ

θ
F (x) = 1− e−x/θ

M(t) = (1− θt)−1 E[Xk] = θkΓ(k + 1), k > −1
E[Xk] = θkk!, if k is an integer

VaRp(X) = −θ ln(1− p)

TVaRp(X) = −θ ln(1− p) + θ

E[X ∧ x] = θ(1− e−x/θ)
E[(X ∧ x)k] = θkΓ(k + 1)Γ(k + 1;x/θ) + xke−x/θ, k > −1

= θkk!Γ(k + 1;x/θ) + xke−x/θ, k an integer

mode = 0

A.3.3.2 Inverse exponential–θ

f(x) =
θe−θ/x

x2
F (x) = e−θ/x

E[Xk] = θkΓ(1− k), k < 1

VaRp(X) = θ(− ln p)−1
E[(X ∧ x)k] = θkG(1− k; θ/x) + xk(1− e−θ/x), all k

mode = θ/2

A.5 Other distributions
A.5.1.1 Lognormal–μ,σ (μ can be negative)

f(x) =
1

xσ
√
2π
exp(−z2/2) = φ(z)/(σx), z =

lnx− μ

σ
F (x) = Φ(z)

E[Xk] = exp(kμ+ k2σ2/2)

E[(X ∧ x)k] = exp(kμ+ k2σ2/2)Φ

µ
lnx− μ− kσ2

σ

¶
+ xk[1− F (x)]

mode = exp(μ− σ2)
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