SUGGESTED SOLUTIONS TO DHW TEXTBOOK EXERCISES

Exercise 6.13

First consider the net annual premium. Denote this by P. Assuming UDD between integral
ages (not clearly specified in the problem), the APV of the benefits is

APV (benefits) = 10000(10Auo) — 899 Epug Aso)

i
= 100005(1014[40} — 899 Ly AGO)

0.06
= 10000—————=110(0.2329971) — 8(0.2348948)(0.4568085
oatros 1 ) - 8( ) )

= 15152.74

and the APV of the premiums is
APV(premiums) = P - yy.50) = 11.29624P

Therefore, we have P = 15152.74/11.29624 = 1341.396.

The following R code calculates the actuarial functions used in the calculations above:

A <- 0.0001

B <- 0.00035

c <- 1.075

surv <- function(x){

exp (-A*xx-(Bx(c"x-1)/log(c)))}
# last possible age is 165

x <- 40:165

p40k <- surv(x+1)/surv(x)
q40k <- 1-p40k

# replace p’s and g’s with select rates
q40k[1] <- 0.75%q40k[1]

q40k [2] <- 0.9%q40k[2]
p40k[1] <- 1-q40k[1]

p40k[2] <- 1-q40k[2]

kp40 <- cumprod(c(1,p40k[-length(x)]))
k <= 0:(length(x)-1)

int <- 0.06

v <= 1/(1+int)

delta <- log(l+int)

vk <= v~ (k+1)

A40 <- sum(vk*kp40*q40k)

A40c <- (int/delta)*A40

E4020 <- v~20 * kp40[21]

x <- 60:165

p60k <- surv(x+1)/surv(x)

q60k <- 1-p60k

kp60 <- cumprod(c(1l,p60k[-length(x)]))
k <= 0:(length(x)-1)
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vk <- v~ (k+1)
A60 <- sum(vk*kp60*q60k)
A60c <- (int/delta)*A60

A4020 <- A40 - E4020*%A60 + E4020
24020 <- (1-A4020)/(1-v)

num <- 10000#* (10*A40c - 8*E4020*A60c)
den <- a4020

NP <- num/den

This produces the results:

> A40

[1] 0.2329971
> A60

[1] 0.4568085
> E4020

[1] 0.2348948
> ad020

[1] 11.29624
> NP

[1] 1341.396

For the gross premium calculation, we need the APV of the expenses:

19
APV(expenses) = 0.27G + 0.03G Gyo50) T 10 2(1-03)kvkkp[4o]

k=0

where (ti[ 40]-@)- is a 20-year temporary life annuity-due evaluated at interest rate * =
(1.06/1.03) — 1. The R code for calculating this is given below.

It is easy to verify that the gross annual premium is therefore

. APV@mwm$+&OGmw%Oﬁ
0.97 Gy, 5 — 0-27
 15152.74 + 10(14.17361)
0 0.97(11.29624) — 0.27
= 1431.081
x <- 40:165

p40k <- surv(x+1)/surv(x)

q40k <- 1-p40k

# replace p’s and q’s with select rates
q40k[1] <- 0.75%q40k[1]

q40k[2] <- 0.9%q40k[2]

p40k [1] <- 1-q40k[1]
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p40k [2] <- 1-q40k[2]

kp40 <- cumprod(c(1l,p40k[-length(x)]))
k <= 0:19

kp40 <- kp40[1:20]

int <- (1.06/1.03)-1

v <- 1/(1+int)

vk <- v’k

a4020s <- sum(vk*kp40)

This produces the result:

> a4020s
[1] 14.17361
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