
Exercises to Ch12b.3

These are exercises to Ch12b.3 with notation and equations being the same as in the main text.

Exercise 12.3.1 a) Argue that an alternative version of (1.12) is

1 − F (y1)

1 − F (y0)
= exp

(

−

∫ y1

y0

µ(y) dy

)

,

where F (y) be the distribution function of Y . b) Differentiate with respect to y1 and show
that

µ(y0) =
f(y0)

1 − F (y0)
where f(y0) =

dF (y0)

dy
.

c) In this form µ(y0) is known as the hazard rate. What is the interpretation?

Exercise 12.3.2 We are often interested in the percentiles of how long people live, i.e on
the solutions of the equation F (yε) = ε. a) Derive F (y) for the Gomperz-Makeham model. b)
Explain that you need a numerical method to determine yε (methods in Appendix C.4!); see
also Exercise 12.3.6.

Exercise 12.3.3 Use (1.11) to determine a mathematical expression for kql under the Gomperz-
Makeham mocdel.

Exercise 12.3.4 Gomperz-Makeham parameters for a European (Norway) and Asiatic (Japan)
industrialised country for the year 2004 were

Norwegian females θ0 = 0.000204 θ1 = 0.0000072 θ2 = 0.11102
Norwegian males θ0 = 0.000309 θ1 = 0.0000231 θ2 = 0.10005
Japanese males θ0 = 0.000142 θ1 = 0.0000373 θ2 = 0.09243

which have been obtained from the Human Mortality Database1 through maximum likelihood.
The parameters are annual. a) Compute pl and ql for all three sets of parameters. b) Plot ql

against l up to l = 105 and compare results through plots (joint plot is preferable). Comments?

Exercise 12.3.5 This is a continuation of the preceding exercise and make use of the same
models. a) Use Algorithm 12.1 to compute the expected life time for a Nowegian boy at birth.
Use h = 1, h = 0.1 and h = 0.01 and compare. b) Select h = 1 and compute the expected
remaining life time at y0 = 10j years for j = 1 . . . , 10 for the Norwegian, male population. c)
Redo b) for Japanses males and compare results. Any comments?

Exercise 12.3.6 One way to determine life time percentiles is to utilize that

Pr(Y > kh)
.
= kp0 (for small h)

1Websites are www.motality or www.humanmortality.de. Historical mortality for a large number
of countries can be downloaded. The Max Planck Institute (Germany) and University of Berkeley
(California) are responsible.
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a) Explain that this is true and that

yε
.
= kh where k is determined so that kp0

.
= ε.

b) How is the recursion (1.10) programmed to give you the right k? c) Use h = 0.01 and
determine yε for Japanese males when ε = 0.25, 0.50, 0.75 and 0.95.

Exercise 12.3.7 Does the Gomperz-Makeham fit? a) Download from ?? estimates p̂l de-
termined by the modell-free estimates (1.17) (or download yourself from e3.dat) and compare
them with the Gomperz-Makeham estimates (the Norwegian ones¿) in Exercise 12.3.4a) (a
joint plot of both against l is best). b) Any comments? The main discrepancy is a common
phenomenon!
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