
Michigan State University

STT 456 - Actuarial Models II
Spring 2015 semester

Homework
due Friday, 5:00 pm, February 6, 2015

Please follow the instructions below:

Please do all four (4) questions and their subparts. The Illustrative Life Table is attached
for your use.

Return this page with your signature.

Submit your work to our graduate assistant, Ed Cruz, at C505 Wells.

Write your name and section number at the spaces provided:

Name: Section:

I certify that this is my own work, and that I have not copied the work of another student.

Signature: Date:



STT 456, Homework, Spring 2015

1. (35 points) Cest-la-Vie Life Insurance Company decided to sell fully discrete whole life insurance
of 1,000 to individuals age 50, something it has not done before.

Actuaries at Cest-la-Vie have determined that:

• Mortality is expected to follow the Illustrative Life Table and premiums are calcu-
lated at interest rate i = 0.06.

• All the policyholders will have independent future lifetimes.

(a) [5 points] Suppose P is the annual premium for each policy calculated based on the
equivalence principle. Give an expression for the loss-at-issue random variable for a single
policy, and calculate P .

(b) [10 points] Suppose Cest-la-Vie sells n of these policies with each policy paying an annual
premium of πn. Determine the expected value and the variance of the loss-at-issue for
such a policy in terms of πn.

(c) [15 points] Based on the normal approximation, the premium πn is determined such that
the probability of the aggregate loss from all policies is positive is 0.05. Express πn in
terms of n only.

(d) [3 points] Now, finally, calculate π = limn→∞ πn and show that P = π, where P is the
value you calculated in part (a).

(e) [2 points] Explain in words why P = π. What is the intuition behind this equality?
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2. (15 points) A discrete whole life annuity pays 1,000 at the beginning of each year that life (65)
is alive. You are given:

• Standard mortality is based on the Illustrative Life Table.

• i = 0.06

The standard force of mortality is superscripted by “ILT”. A substandard risk has a force of
mortality given by

µs
65+t =


µILT
65 + 0.03, for t = 0

µILT
66 + 0.01, for t = 1

µILT
65+t, for t ≥ 2

(a) [5 points] Calculate the actuarial present value of this annuity for a standard life (65).

(b) [8 points] Calculate the actuarial present value of this annuity for a substandard life (65).

(c) [2 points] Explain in words why the value in (b) is smaller than that in (a).
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3. (35 points) For a fully discrete whole life insurance of 10,000 on (40), you are given:

• Mortality follows the Illustrative Life Table.

• i = 0.06

(a) [10 points] Calculate the net premium reserve at the end of year 10.

(b) [10 points] Suppose expenses, incurred at the beginning of the year, consist of 2.1 in all
years. Calculate the gross premium reserve at the end of year 10.

(c) [10 points] Suppose instead of a constant expense each year, expenses are 10.0 in the first
year and 1.5 in subsequent years. Calculate the gross premium reserve at the end of year
10.

(d) [2 points] Explain in words why the values in (a) and (b) are the same.

(e) [3 points] Explain in words why the values in (a) and (c) are different.
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4. (15 points) For a special fully discrete whole life insurance on (45), you are given:

• The death benefit is 50,000 in the first 15 years, and 25,000 thereafter.

• The net annual premium is P in the first 15 years, and reduces to 0.5P in subsequent
years.

• Mortality follows the Illustrative Life Table.

• i = 0.06

Using recursive formulas, calculate the net premium reserves in years 0, 1 and 2.
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