
Exercise 12.5.1 Consider the Danish disability model in Section 12.5 (in ch12b) and let the
two intensities be Gomperz-Makeham; i.e. suppose that

µ0(y) = θ0 + θ1 exp(θ2y) and µi|a(y) = γ0 + γ1 exp(γ2y).

Derive mathematical expressions for the transition probabiltities kpl0
(0|0), kpl0

(1|0), kpl0
(0|1)

and kpl0
(1|1).

Exercise 12.5.2 Suppose the Gomperz-Makeham parameters of the preceding exercise are

θ0 = 0.000204, θ1 = 0.0000068, θ2 = 0.11102 and γ = 2θ0, γ1 = 2θ1, γ2 = θ2,

where θ0, θ1 and θ2 come from the Norwegian mortality model for women in Execerise 12.3.4.
a). Comment on how the propensity of becoming disable relate to the mortality intensity. b)
Compute kpl0

(0|0), kpl0
(1|0) for l0 = 30 and plot against k up to k = 50.

Exercise 12.5.3 Insurance arrangements that involve both spouses (or both partners) in
a couple can be defined through the four states

(0, 0) (1, 0) (0, 1) (1, 1),
Both alive He is dead She is dead Both dead

where the middle states signify that the other partner is alive. Let kpl and kp̃l be the surivival
probabilitites for men and women respectively. Assuming that both spouses die independently
of each other calculate the transition probabiltities

kp(0, 0|0, 0), kp(1, 0|0, 0), kp(0, 1|0, 0) and kp(1, 1|0, 0)

where the original age l0 and l̃0 of the individuals have been suppressed in the mathematical
notation.

Exercise 12.5.4 a) In the model of the preceding exercise write down mathematical ex-
pressions when both survival models are Gomperz-Makeham with parameters θ0, θ1, θ2 for
males and θ̃0, θ̃1, θ̃2 for females. b) Insert the parameters for Norwegian men and women from
exercise 13.3.4 and plot the probailitites against k up to k = 70 when l0 = 40 and l̃0 = 35.

Exercise 12.5.5 Consider the disability model defined in Section 12.5.2, but now assume
that there is a possibility for rehabilitation. Precisely let µa|i(y) = 0.1µi|a(y) so that rehabil-
itation is much less common than becoming diabled. a Use Algorithm 12.3 with M = 100 to
compute the one-step transition probabilities pl(0|0, pl(1|0,pl(0|1,pl(1|1 for l = 30, . . . , 110. b
Plot pl(0|0 and pl(1|0 against l (preferably jointly) and also pl(0|1 and pl(1|1 (again preferably
jointly) and compare the two pairs of plots.
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