
Exercise 1
Consider a mutual pension arrangement where premium is paid until retirement age for the
oldest member of the couple, but only as long as both are alive. If one of the partners dies
early (i.e prior to the retirement age), all premia are stopped. The pension is s1 annually if
both are retired and alive and a smaller sum s2 if one of them is dead or hasn’t yet reached
retirement. a) Calculate the equivalence premium and b) the value of the contract after k

tiem periods. Introduce on your own the parameters needed and make detailed assumptions
on payment clauses such as in advance or in arrears.

Exercise 2
A couple with one child seeks an arrangement where the death of one of them (the financially
stronger of age l0 in the beginning) releases a pension for the surviving spouse and the child.
The spouse is covered by a sum s each period until she is has reached the age l̃e (she is is l̃0
presently) and the child receives sb until age lbe being lb0 when the deal is agreed. Premium
π is paid at the start of each period for K periods. If the policy holder is alive at that point,
all capital accumulated is taken over by the insurance company. The spouse or the child may
die prematurely. If that happens, the contract is stopped and the value of it at that time
is received by the policy holder. The child is of the same sex as the spouse. a) Calculate
the equivalence premium and b) the value of it if rebought at time k. Introduce additional
assumptions yourself.

Exercise 3
One possible model for future mortality in an industrial country like Norway is

qkl = ωk
l · ql, where log(ωl) = −b0

eh
l

(1+ehl)2
, hx = a0 + a1l + a2l

2.

Here ql defines the mortalities at work today. Possible values of the parameters are

b0 = 0.0632, a0 = −1.3897, a1 = −0.0172, a2 = 0.0007,

which feeds on the history of Norway during the last half of the twentieth century. The
time scale is annual. a) Plot ωl against l and explain for which age groups the reduction in
mortalities are largest. Suppose ql is decribed by a Gomperz-Makeham model of the form

ql = 1 − exp(−θ0 − θ1e
θ2l)

der

θ0 = 0.000309, θ1 = 0.0000219, θ2 = 0.100047

b) Plot log(ql) against l for k = 0, 16, 50 and compare the models. c) Compute the average
length of life under the three models. d) Compute for the three model in b) the premium of
an ordinery pension insurance contract when entered at the age of 40 and when the retirement
age is 67 and r = 0.03. e) Plot the value of the contract against k for the three models in b).
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Exercise 4
We shall in this exercise examine the following model for the price of zero-coupon bonds
maturing at time T when the initial rate of interest is r:

P (r, T ) = eA(T )−B(T )r

where

B(T ) =
1 − e−aqT

aq

and A(T ) = (B(T ) − T )

(

ξ −
σ2

q

2a2
q

)

−
σ2

qB(T )2

4aq

;

a) Plot P (r, T ) against T for T = 0, 1, . . . , 20 when r = 2% and r = 8% for the following two
sets of parameters:

ξ = 4%, σq = 0.015, a = 0.35 and ξ = 4%, σq = 0.01, a = 0.7

b) Compute the corresponding interest rate curves and plot against k. c) When used as dis-
counts, comment on how they vary with time.

Exercise 5
Suppose liabilties {Xk} are of the form

Xk = exp(|k − k0|), k = 0, 1, 2, . . . , 40.

Compute the present value of them for all four discounts scheme of the preceding exercise when
k0 = 10 and k0 = 20. b) Comment on the differences between the evaluations and try to link
them to the parameters of the model for the interest rate curve.
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