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Example 1

A client, man 25 years old, wants to make an insurance contract for 25 years.

A. In case of death he wants to secure his family with 200 000. In case he survives all 25 years
he also wants to receive 200 000. How much would this contract cost him?
Derive results of single and regular netto premium.

B. The client wants to see how much of the premium he pays for insurance to secure his family
in case of death and how much for 200 000 in case he survives.
Derive results of single and regular premium.

C. You, as an insurance company, should be able to cover most of your contracts. For that
purpose you should calculate reserves for all considered contracts. Calculate reserve in year
7.

D. Apply charges and calculate brutto premium and reserves of contracts mentioned in section
A and B.

*note: assume traditional approach with interest rate 0.025 p.a.

A. Endowment

Gender Male

Age 25

Policy period 25

Death benefit (K) 200 000

Survival benefit (D) 200 000

Interest rate (i) 0.025

Type of insurance contract Endowment

Premium: Endowment
Single 108 888,99

Regular annual 5 829,87
Regular monthly 491,46

Single premium
Using Excel function

Jfx | =Axn(25;25;0,025;200000;200000)*200000

Using Mortality tables

*

Ay *V + dys1 * V2 +oot Oyinog + V" V'

Hxn _ K * + D * /x+n
IX IX

2626,83 95039,86 * 0,53939
200000 *
98982,34 98982,34

108 888,99 = + 200000 *




Using probability

I = K * qx*V+1/qx*V2+---+ n-1 /qx VA D * nPx * V'

108 888,99 = 200000 * 0,02654 + 200000 * 096017 * 0,539391

Using Commutation numbers

Hxn - K * CX+ Cx+1 + Cx+2 +...+ Cx+n-1 " D * Dx+n
Dx DX
1416,89 27651,11
10888899 = 200000 * + 200000 * ————
53390,15 53390,15
Hxn = K * M - Misn + D * Dy+n
D)( DX

1416,89 27651,11

10888899 = 200000 * + 200000 * ———
53390,15 53390,15

Regular premium - annual
Using Excel function
§ i | =regular_Endowment({25;25;0,025;200000;200000)*200000
Using Actuarial formulas
K * Py - K ” Al i b ” nkx
dxn'l
200 000 * 0,02654  + 200 000 * 0,51791
5 829,87 =
18,68
Using probability
K *oQurV F1Qx V2 Fot na[Qee V" F D * Py s V!
K*Py = =

1+ 1Px*V+ .t napx V"1

200000 * 0,02654 + 200000 * 0,51791
18,68

5829,87 =




Using Commutation numbers

K * P — K * Mx' Mx+n * D * Dx+n
Nx' Nx+n
820 87 ] 200 000 * 1416,89  + 200 000 * 27651,11
’ 997208,20
K * P _ K * dX*V+ dx+1*V2 +...+ dx+n-1 *Vn + D * Ix+n*Vn
Ix+ Ix+1 *V + /x+2 * V2 +...+ lx+n-1 *Vn_l
c 087 - 200000 * 2626,83 + 200000 * 51263,61
' 1848768,26

Regular premium - monthly

Frequency of premium (m) monthly m= 12
Regular netto premium
K * ,P,m = me(1- (m-1)+ (Dx - Dx+n) )
2m « (Nx- Nx+n)
5 829,87
491,46 =
11,86




B. Pure endowment and Term insurance

Gender Male

Age 25

Policy period 25

Death benefit (K) 200 000

Survival benefit (D) 200 000

Interest rate (i) 0.025

Type of insurance contract Endowment / Term insurance

Premium: Endowment Pure endowment | Term insurance
Single 108 888,99 103 581,31 5307,67
Regular annual 5 828,87 5 545,70 284,17
Regular monthly 491,46 467,51 23,96

Pure endowment - single premium
Using Excel function

f | =nex(25;25;0,025)*200000

Using Mortality tables
11 = D * Ixsn * Vi
I
103581,31 = 200 000 « 9503986 * 053939
I 98982,34
Using probability
1_[xn = D * nPx * V"

103581,31 = 200000 * 0,96017 *0,53939

Using Commutation numbers

Dx+n
Dy

27651,11
53390,15

ITyn D

*

103 581,31 200 000




Pure endowment - Regular premium - annually
Using Excel function

S | =regular_Pure_Endowment(25;25,0,025)*200000

Using Actuarial formulas

K * 1Py = D * ok
axn'l
0,51791
5545,70 = 200000 * — ]
18,68
Using Commutation numbers
Dy+n
K *,Pyx = D *
Nx' Nx+n
27651,11
5545,70 = 200000 * — ]
997208,20
Using Mortality tables
K *an = D * Ix+n . Vn

Ix+ Ix+1 *V+ /x+2 * VZ +...+ Ix+n-1 * Vn-l

51263,61
5 545,70 = 200 000 *
1848768,26
Using probabilities
K*Pe = D . P V"
1+ 1Px*V+ .t napx V"1
0,51791
5 545,70 = 200 000 *
18,68




Pure endowment - Regular premium -monthly

Frequency of premium (m) monthly m= 12

Regu/ar netto premium
K * P m = me(1- (m-1)+ (Dx - Dx+n)
Zm * (Nx' Nx+n)
5 545,70
11,86

467,51 =

Term insurance - Single premium
Using Excel function:

#x | =A1xn(25;25;0,025)*200000

Using Mortality tables

Hxn — K * dx *V+ dx+1 * VZ +...dx+n-1 * Vn
x
2626,83
5307,67 = 200 000 *
98982,34
Using probabilities
I = K * GuVH1 Qe VPt noa [ G+ V"
5307,67 = 200 000 * 0,02654
Using Commutation numbers
Ci+ Cus1+ Cyszoet Cyan-1 My~ Miyin
T = K * = ——
Dy Dy
1416,89 1416,89
5307,67 = 200 000 * = — ]
53390,15 53390,15




Term insurance - Regular premium - annually
Using Excel function

2 | =regular_Term_insurance(25;25;0,025)*200000

Using Actuarial formulas

nPx = K * AL
5xn1
0,02654
284,17 = 200 000 *o——]
18,68
Using Commutation numbers
Py = K * M — Cit Cor1+ Gzt Cuana
Nx' N)(+n NX- Nx+n
1416,89 1416,89
284,17 = 200 000 ¥ =
997208,20 997208,20
Using Mortality tables
b, _ K " y *V + Ohs1 * V2 +... i1+ V"

Ix+ Ix+1 *V + /x+2 * VZ +...+ Ix+n-1 *Vn.l

2626,83
284,17 = 200 000 *
1848768,26
Using probabilities
QxVH11QuVPHt 1[G s V'
nPx = K *

1+ 1Px*V + ..+ n-1Px * Vn-l

0,02654
284,17 = 200 000 *
18,68
Term insurance - Regular premium - monthly
Frequency of premium (m) Anually m= 1
Regular netto premium
K * nPym = m-1)« (Dx- D
nlx m *(1 _ ( ) ( X X+”) )

2m = (Nx- Nx+n)

284,17
11,86

23,96 =




C. Reserves

Gender Male
Age 25
Policy period 25
Death benefit (K) 200 000
Survival benefit (D) 200 000
Interest rate (i) 0.025
Reserve year (t) 7

Type of insurance contract

Endowment / Terminsurance / Pure endowment

Premium: Reserve of regular premium
Endowment 0,22055*200 000 =44 110
Pure endowment 0,21517*200 000 =43 034
Term insurance 0,00540*200 000 =1 080
Endowment

Using Excel function

Je | =tVx_Endowment(25;25;7;0,025;1;200000;200000)* 2000000

Using Actuarial formulas

Vx =

Ax+t,n-t1

- an

Qx+t,n-t1

0,22055 = 0,64492 - 0,02915 * 14,56
Using Commutation numbers
DX Nx+t' Nx+n
Vi = 1 - *
DX+t NX' NX+I'I
53390,15 650482,57
0,22055 = 1 S —
44680,94 997208,20
Netto reserves
250 000 K¢
200 000 K¢
150 000 K¢
100 000 K¢
50 000 K¢&
0 Ké _( T T T T T T T T T T T T T T T T T T T T T T 1
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Pure endowment
Using Excel function

5 | =t\W'x_Pure_endowment(25;25;7;0,025;1)*2000000

Using Actuarial formulas

Vi = n-tExst - nPx * dx+t,n-t'|
0,21517 = 0,61886 - 0,02773 * 14,56

Using Commutation numbers

Dx+n N)(' NX+t
th = *
Dx+t Nx' Nx+n
27651,11 346725,63
0,21517 = *
44680,94 997208,20
Netto reserves
250 000 K¢
200 000 K¢
150 000 K¢
100 000 K¢
50 000 K¢
0 Ké _( T T T T T T T T T T T T T T T T T T T T T T 1

0 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25




Term insurance
Using Excel function:

I | =tWx_Term_insurance(25;25;7;0,025;1)*2000000

Using Actuarial formulas

th = A1x+t,n- t1 - an * 5x+t,n-t'|
0,0054 = 0,0261 - 0,0014 * 14,5584

Using Commutation numbers

Mx+t' Mx+n Mx' Mx+n Nx+t' Nx+n
th = - — *
Dx+t Dx+t Nx - Nx+n
1164,4039 1416,8875 650482,5696
0,0054 = - EEE— *
44680,9390 44680,9390 997208,2031
Netto reserves
1 200 000 K¢
1 000 000 K¢

800 000 K¢

600 000 K¢
400 000 K¢

200 000 K¢

OKE rrrrrrrrrrrrrrrrrvrrrrrrrrrrrrrrrrrrvrrrrrrrrrrrrrrrrrrrrr 171 T1TT1

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

D. Brutto premium and reserves

Gender Male

Age 25

Policy period 25

Death benefit (K) 200 000

Survival benefit (D) 200 000

Interest rate (i) 0.025

Reserve year (t) 7

Type of insurance contract Endowment / Term insurance / Pure endowment




Premium: Regular brutto Brutto reserve
Endowment 5 965,93 42 546,92
Pure endowment 5 680,87 41 471,95
Term insurance 402,92 -487,07

*Note: There are no Excel functions to calculate brutto premium

Endowment

Endowment brutto premium

K * Axn + OLK+ 0Lfix + éxn * (Bfix+ BK + ,Yfix + ,YK)
Bxn =
éxn * (1 _ Ban _ ,Yan) _ ann
108888,99 + 2004,00 + 18,68 * 10,20
5 965,93 =
18,68 * 0,99690 - 0,00020
Endowment brutto reserve
K fix Bxn * ..
K*\/, brutto = KRV, netto _ (o + o™+ ™) Oxstn-t
Gix,n
2005,19 * 14,56
42 546,92 = 44109,87 -
18,68

Brutto reserves assi+tvxnetto K*tVxBrutto

250 000 K¢

200 000 K¢

150 000 K¢

100 000 K¢

50 000 K¢

oKe

-50 000 K¢

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Pure endowment

Pure endowment brutto premium

D * nEx N (XK+ (xfix + éxn . (Bfix+ BK + ,Yfix + ,YK)
K * anbrutto -
éxn N (1 _ Ban _ ,Yan) _ ann
103581,31 N 2004,00 + 18,68 10,20
5680,87 =
18,68 * 0,99690 - 0,00020

Pure endowment netto reserve

(of + afx + o) * Gixst,n-t
K *tvxbrutto = K* tVxnetto _
Gxn
2005,14 * 14,56
41 471,95 = 43034,85 -
18,68

Brutto reserves @ (*tVxNetto K*tVxBrutto

250 000 K¢

200 000 K¢

150 000 K¢

100 000 K¢

50 000 K¢

o Ke

-50 000 K¢

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Term insurance

Term insurance brutto

premium
K * Alxn + OLK+ Otﬁx + éxn . (Bﬂx+ BK + yfix + yK)
Bxn =
éxn * (1 _ Ban _ ,Yan) _ ann
5307,67 + 2004,00 18,68 10,20
402,92 = *
18,68 * 0,99690 - 0,00020

Term insurance brutto reserve

brutto netto (aK + aflx + ann) * ax+t,n-t
th = th -
dx,n
487,07 1075,01 2004,08 " 14,56
18,68

Brutto reserves emmsi*tvxNetto K*tVxBrutto

3000 K¢

2 000 K¢

1000 K¢

0 K¢

-1 000 K¢

-2 000 K¢

-3 000 K¢

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
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Example 2

50 years old female wants to be insured for one million in case of death.

A. Compare single and regular premium for whole life.
B. Calculate also reserve at age 75.
C. Calculate whole life premium and reserve including charges.

A. Whole life

Gender Female

Age 50

Policy period o)

Death benefit (K) 1 000 000

Type of insurance contract Whole life

Premium: Single premium Regular premium
Whole life 453 687,44 20 254,98

Whole life - single premium
Using Excel function:

fe | =A1x(50;0,025)*1000000

Using Mortality tables
! _ « . AV + desg V2 # ...
Iy
44291,15
453 687,44 = 1000000 *
97624,80
Using probability
I, = K * GuVH1 QxV2+2 [ GV + ..
453 687,44 = 1000000 * 0,45369
Using commutation numbers
Ci+ Co1+ Ca ... My
Hx = K * =
DX DX
12886,16 12886,16
453 687,44 = 1000000 * = ———]
28403,17 28403,17

14



Whole life -Regular premium
Using Excel function:

fe | =regular_Whole_life(50;0,025)*1000000

Using Actuarial formulas

K * nPy = K * Ax
Gxn
0,45369
2025498 = 1000 000 ¥
22,39881

Using Mortality tables

Oy *V + dyeg * V2 +...

K * nPx = K *
Ix+ Ix+1 *V+ lx+2 * V2 +...+ lx+n-1 *Vn-l

44291,15
2025498 = 1000 000 *
2186679,82
Using probabilities
K*p - K . GV + 1/Gy = V° H...

1+ 1Px*V + .t p1px* Ve

0,45
2025498 = 1000 000 *
22,40
Using Commutation numbers
My Cy+ Cus1+ Coaz +...
K * Py = K ¥ = 2
Nx NX
12886,16 12886,16
2025498 = 1 000 000 * —_— =
636197,45 636197,45

15



B. Reserves of Whole life

Gender Female
Age 50
Policy period o)
Death benefit (K) 1 000 000
Survival benefit (D) 0
Reserve (t) 25
Type of insurance contract Whole life
Premium: Reserve
Whole life 0,53529*1M =535 287,41

Whole life - Reserve
Using Excel function:

F | =tWx_Whole_live(30;25;0,025;1)*1000000

Using Actuarial formulas

tVx = A1x+t - Px * CGxet
0,53529 = 0,74612 - 0,02025 * 10,40901

Using Commutation numbers

Dx Nx+t
Vi = 1 - T
Dx+t NX
28403,17 127882,26
0,53529 = 1 - T
12285,73 636197,45

Netto reserves

1200 000 K¢

1 000 000 K¢

800 000 K¢

600 000 K¢

400 000 K¢

200 000 K¢

OKE Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr.1

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54




C. Brutto Whole life

Gender Female

Age 50

Policy period Q)

Death benefit (K) 1 000 000

Reserve (t) 25

Type of insurance contract Whole life

Premium: Regular brutto premium Brutto reserve
Whole life 20443,72 534 346,79

Whole life - Regular brutto premium

Whole life brutto premium

K * AlX + U,K+ afix + éx * (Bfix+ BK + ,Yfix + ,YK)
Bxn =
éx * (1 _ Ban _ ,Yan) - ann
453687,44 + 2020,00 + 22,40 * 35,00
20 443,72 =
22,40 * 0,99690 - 0,00020

Whole life - Brutto reserve

Whole life brutto reserve

(OLK + Otﬁx + ann) * dx+t
K * tberutto = K * tVxnetto -
Gix
2024,09 * 10,41
534 346,79 = 535287,41 -
22,40

ammw K *tVxNetto
1 200 000 K& Brutto reserves

1000 000 K&

800 000 K¢

600 000 K&

400 000 K¢

200 000 K¢

0 K¢

-200 000 K¢

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
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Example 3

Young man of age 30 wants to be secured when he reaches his 60 by certain amount of money.

A. How much he has to pay every year to get two million when he turns 60.

B. How much he would have to pay to get 5 000 every year from 60 until the rest of his life.

Compare this premium with premium for 5 000 every year from his 60 until his 80.

C. He s sure that now he can pay max 2000 per year. What annuity he can expect when he
turns 60 until his death and until his 80?
D. Make the reserves of these two contracts at year 12 and 45.

A .Pure endowment

Using Actuarial formulas

nPx = D * obs
dxn]
0,42621
40 680,47 = 2 000 000 * — ]
20,95
B. Deferred annuity
Gender Male
Age (x) 30
Policy period (N) 50/w
Deferred (k) 30
Annuity (D) 5 000
Interest rate (i) 0,025

Type of insurance contract

Deferred / Whole life / Temporary annuity

Premium: Single premium Regular premium
Whole life annuity 30576,34 1 459,22
Temporary annuity 26 639,88 1271,36

Whole life annuity - Single premium

Using Excel function

fe | =dax(30;0,025;1;1;30)*5000

Using Mortality tables
ke * Vk+1 + lyskr2 * Vk"-2 *...
Ik = D *
Ix
603057,53
30576,34 = 5000 *
98615,07

18



Using probabilities

IT, = D * kr1Px * VAL + oy« VK2 £
30576,34 = 5000 * 6,12

Using Commutation numbers

Dytk+1 + Dxtks2 ... Ny+k+1
Hx = D * = —_—
Dx DX
2766364,06 287503,27
30576,34 = 5000 * = —
47014,01 47014,01

Whole life - Regular premium
Using Excel function

Je | =regular_Whole_life_annuity(30;0,025;30;1)*5000

Regular premium

D k+1/dx
nPx =
i
30576,34
1459,22 =
20,95

Temporary annuity - Single premium
Using Excel function

§ i | =Diaxn(30;50;0,025;1;1;30)*5000

Using Mortality tables
lxtke1 * vk 4 Ixtk2 * VK2 4+ lytn* V"
Hxn = D *
Ix
525418,84
26 639,88 = 5000 *
98615,07

19



Using probabilities

Ty = D * K 1Dx * V'L oD V2 ot s x VT
26 639,88 = 5000 * 5,33

Using Commutation numbers

Dx+k+1 + DX+k+2 +...+ Dx+n Nx+k+1 - Nx+n+1
ITin = D * =
Dx DX
250489,59 250489,59
26 639,88 = 5000 * =
47014,01 47014,01

Temporary annuity - Regular premium
Using Excel function

Je | =regular Temporary annuity{30;50;0,025;30;1)*5000
| gular_ porary_ ty

Regular premium

D « gjaxm
nPx =
Oxk1
26639,88
1271,36 =
20,95
C. Fixed premium annuity
Whole life
P-a, = D'k| ay
D _ P * .a..xk
k| a‘x
_ 2000- 20,95 — 685295
6,11

Temporary annuity
P- axk = D'k| axn



_ P'axk
a

k| ~*xn

D

_2000-20,95

= 786558
5,32

Excel function for &,

Je | =Daxn(30;30;0,025;0;1;0)
Excel function for | a,

S | =dax(30;0,025;1;1;30)
Excel function for  a,,

Jfx | =Daxn(30;30;0,025;0;1;0)

21



D. Reserves

Gender Male
Age (x) 30
Policy period (N) 50/w
Deferred (k) 30
Annuity (D) 5000
Interest rate (i) 0,025

Type of insurance contract

Deferred / Whole life / Temporary annuity

Premium:

Reserve t =12

Reserve t =45

Whole life annuity

4,16*5 000 = 20 800

7,93*5 000 = 39 650

Temporary annuity

3,63* 5000 = 18 150

3,98*5 000 = 19 900

Whole life annuity

Netto reserves

80 000 K¢
70 000 K¢

60 000 K¢

50 000 K¢

40 000 K¢

30 000 K¢

20 000 K¢

10 000 K¢

OKE LI L L L L L L L L L . O O O D O O O O O I I O

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75

Using Excel function:

Fe | =tVx_Whole life_annuity({30;45;0,025;1;30)*5000
_ _lite_ ty

Using actuarial symbols:

K=12, Vi for k>t

tVx = k-t| Ax+t

kPx

0,29

Ox+t k-t

14,30

22




K=45, Vi, k<t

tVx = Ox+t
7,93 = 7,93

Temporary annuity

Netto reserves

70 000 K¢

60 000 K¢

50 000 K¢
40 000 K¢

30 000 K¢

20 000 K¢

10 000 K¢

0 K& - T
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Using Excel function:

Je | =tVx_Temporary_annuity(30;50;12;0,025;1;30)*5000
Using actuarial symbols:

K=12, Vi fork >t

«Vx = k-t| Ax+t,n-t - k| nPx * Ox+t, k-t
3,63 = 7,26 - 0,25 * 14,30
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K=45, Vifork<t

th = ax+t,n-t
3,98 = 3,98
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Example 4 - Universal Traditional approach
30 years old man has very special demands about his insurance contract. When he turns 40, he wants

to be insured for 10 000 in case of death. When he turns 50, he wants to increase death benefit up to

20 000 and until his 55 he wants to receive 5 000 every year. In his 60 he wants to get annuity 20 000

and then until his 70 to be insured for 10 000 in case of death but doesn’t want to pay premium.

The charges for this contract assume following:

alfa fix 2000

alfa from premium (%) E 2,0000% E

alfaz K (%) 2,0000%

alfaz D (%) . 2,0000%

fix fromKorD from P
"""" Beta 2000  2,00000%  2,00000%
Gamma 30,00 3,00000% 3,00000%
Delta 35,00 3,50000%

Calculate netto and brutto premium and reserve in policy year 5 and 25 of this contract.

Gender Male
Age (x) 30
Policy period (N) 40
Deferred (k) 10
Reserve (t) 5/25

From age 40 to 50: 10 000
Death benefit (K) From age 50 to 60: 20 000
Fromage 60to 70: 10000  without paying premium
. From age 50to 55: 5000
A D
nnuity (D) In age 60: 20 000
Interest rate (i) 0,025

Type of insurance contract

Deferred / Term insurance / Temporary annuity

Premium: Netto Brutto
Premium 1222,46 2 035,55
Reserve year 5 6 593,45 5 079,80
Reserve year 25 16 921,97 16 538,53
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Reserves e tVXNetto == tVxBrutto

35 000 K¢

30 000 K¢

25 000 K¢

20000 k& // \
15 000 K¢

// N
10 000 K¢

5000 K¢ //

OKC / T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

(P 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
-5 000 K¢

The input information of this policy can be seen on picture below.

Time |t} Age [x] In fiorgz Premium transfer Death bensfit Eurvival bensfit

B S " I S
_____ I S R S
_____ : .= N 1
_____ T B FE
_____ s s Ty a
_____ s T T T Ty e

T 1
s T w :::::::::E:::::::::::::::::::::::::::::
_____ B omoA
_____ RN, SNSRI 0 0 T
_____ " S S S -1
_____ S B S - R
_____ B ey oA e wewm
_____ T B IR S -1
_____ ™ S R S -1 B
_____ T S (R S -1
_____ R B (A S -1 B
_____ R S R S -1 - B
_____ I N - S - R
wm s o T S wen -
o m T T : S TR Wwom s0m
- T D . T S woo0 som
= e d 1 wom som
- SR R mom som
B 4 wom som
T S ! I S Wwom som |
- P ! I S woo -~
- . S ! D S wom -
I S I S mom -~
o m T C I S woo0 -~
- T T Yo wem o0l
o m T e T N weo -~
_®m e - TR wen _
- S T wem -~
- T S d- weo -~
T S 4 wem n
m e T 4 wem _
R T S 4 wom ]
_m e T I wen -
L wm T e = qy weo -~
s o q_ wen _
- - B q -~
Ik [




Example 5 - Flexible product

Deal flexible contract for 35 years old male for 30 years.

A. What is the capital value at the end of policy if the premium is 2 000 per year, death benefit

is 100 000 and initial deposit of 1 0007?

B. What is the minimal premium to keep zero reserve at the end of policy?
C. What is the premium for similar contract to endowment where the death benefit is 100 000
and survival benefit is 50 000?

A. Capital value at the end of policy

Policy characteristics Model point:
Claims: Year 2015
Death SA+CV Age at valuation date 35
Tech. Int. rate 2,5% Sex Male
Policy charges: SA 100 000
1st year 80,0% Premium (annual) 2 000
2+years 20,0% CV at val. date 1 000
Profit share 85,0% Policy year at val. date 1
Surrender fee 5,0% Policy period 30
Year Age Policy Year | Pshare | CV EoY
2044 64 30 67 821
B. Minimizing premium1
x
Uéelova funkee: ISOS45 @
Hiedat: " pax " Min * Hodnota: 0
Proménné modelu;
Premium__annual @
Policy characteristics Modelpoint:
Claims: Year 2015
Death SA+CV Age at valuation date 35
Tech. Int. rate 2,5% Sex Male
Policy charges: SA 100 000
1st year 80,0% Premium (annual) 538
2+years 20,0% CV at val. date 1000
Profit share 85,0% Policy year at val. date 1
Surrender fee 5,0% Policy period 30

1 *Note: This Solution requires to install solver.
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C. Endowment

Policy charcteristics Modelpoint:
Claims: Year 2015
Death SA Age at valuation date 35
Tech. Int. rate 2,5% Sex Male
Policy charges: SA 100 000
1st year 80,0% Premium (annual) 1616
2+years 20,0% CV at val. date 1 000
Profit share 85,0% Policy year at val. date 1
Surrender fee 5,0% Policy period 30
Year Age | Policy Year | Pshare | CV EoY
2044 64 30 50 000
x|

Uéelovd funkee:

Hledat: ¢ pax

|50545

= Min

Froménné modelu;

g Hodnota:

50000

Premium__annual
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Example 6 - Cash-Flow model

One big company wants to insure 1 000 its employees. In case of death, 100 000 will be paid and if
insured person survives 10 years the contract will be canceled and the person will obtain at least
20 000. All employees are all men in age 35.

A. Compare traditional and flexible approach and decide which of the two types of contract is
more profitable.
B. Make calculation of Liability Adequacy Test (LAT) for both approaches.

A. Profitability test

Flexible approach
Calculation of flexible product premium with SA = 100 000 and at the end CV =20 000. By using
solver the minimal premium is 2 495.

Policy characteristics Modelpoint:
Claims: Year 2015
Death SA Age at valuation date 35

Tech. Int. Rate 2,5% Sex M

Policy charges: SA 100 000
1st year  80,0% Premium (annual) 2 495
2+years  20,0% CV at val. date 0

Profit share 85,0% Policy year at val. date 1

Surrender fee 5,0% Policy period 10

From Cash-Flow model the profitable criteria is Pcrit 1.

. PVPL
Pcritl=————
PV Premium
Liability model
PV CF -29 388 850
PV PL -29 636 250
PV Premium 115 266 345
Net PL -24 830 982
Total Earnings -24 830 982
Pcrit 1 -25,7%
Pcrit 2 -118,8%




Traditional approach

The premium of traditional approach of endowment contract below needs to be firstly calculated.

Regular brutto premium 2 146,58
The profit criteria can be seen in output of Cash-flow model.

Liability model

PV CF -14 196 104
PV PL 5 468 347
PV Premium 99 171 010
Net PL 4 106 974
Total Earnings 4 907 146
Pcrit 1 5,5%
Pcrit 2 25,5%

Time (t) Age (x) E In force E Premium transfer Death benefit Survival benefiti
"""""""" 1 3% 1 1 100000 i
2 36! 1! 1 100 000 §

3 37 1 1 100 000

4 38 1 1 100 000 §

5 39 1] 1 100 000

6 40! 1 1 100 000

7 a1 1] 1 100 000 i

8 42 1 1 100 000

9 43 1! 1 100 000

10 a4 1] 1 100 000 20000 |

Traditional approach seems to be more profitable for insurance company based on Pricl and also for

insured person because of lower premium. The reason why traditional approach gives better results

is based on assumptions of no surrenders payoffs. If client cancels flexible policy, he receives his

capital value adjusted by surrender fee. In traditional approach we assume no payout when the

policy is canceled.
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B. Liability Adequacy Test

Traditional approach

Flexible approach

BE 29 388 850

RM 8 976 977

FV 38 365 827
Calculate LAT

LAT 38 365 827

BE 14 196 104

RM 10 882 614

FV 25 078 718
Calculate LAT

LAT 5 074 425

After pressing “Calculate LAT” Liability adequacy test will be automatically calculated.
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Actuarial formulas and MS Excel functions

Nomenclature
X Age
N Policy period
i Interest rate
D Death benefit
K Survival benefit
t Time of reserve
k Deferred time

Mortality tables and Commutation tables

Probability of death qx
Excel function: gx (x)

Probability of survive px
Excel function: px (x)

Py =1_qx

Number of living I,
Excel function: Ix (x)

Ix = Pya 'Ix—l :(l_qx—l)'lx—l

Number of death d
Excel function: dx (x)

dx = Ix _Ix+l

Probability of surviving n years npx
Excel function: npx (x,n)
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n px = HLO px+i

Probability of death in n years nqx
Excel function: ngx (x,n)

Probability of death in certain age x+n »/qx
Excel function: n_gx (x,n)

N qx — Ix+n
X
Discounted number of living at age x
Excel function: DDx (x,i)
D, =1 -v*
Discounted number of death at age x
Excel function: Cx (x,i)
C — d Vx+1

Commutation numbers of first order
Excel function: Mx (x,i)

_ 21 _ O—X
Nx - Dx - i=0 Dx+i
Excel function: Nx (x,i)
_ [2] _ w—X
M X Cx - i=0 Cx+i

Commutation numbers of second order
Excel function: Sx (x,i)

_ [3] _ —X
Sx - Dx - i=0 Nx+i
Excel function: Rx (x,i)

_~ 8 =X
Rx _Cx - i=0 I\/|><+i



Actuarial functions

Pure endowment
Excel function: nEx (x,n,i)

I, -V
_ 'x+n
nEx_ I
X
E :Dx+n
n &=x D
X
n
nEx:npx'V

Whole life
Excel function: Alx (x,i)

Temp insurance
Excel function: Alxn (x,n,i)

n-1 i+l
B Z:izodx+i v

Alxn
l,
-n_lcx+i M - M
Alxn — i=0 — X X+n
Dx Dx

1 n-1 i+l
A = Zi:O i|qx+i "V

Endowment
Excel function: Axn (x,n,l,D,K)

A, =A% +D/K- E,

n-1
. dX+| .VI+>:L . n
A _ 2% V7 +D/K eV

xn
X X
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n-1
z,- Cx-*—i —
Axn:L+D/K~DX*“:MX MX+n+D/K.%
D D

X X

X X

Axn = Z:: i|qx+i 'V”l +D/ K'n Py V"

Whole life annuity

Excel function: Dax (x,i,in_arearrs,frequency,deferred)

@ k+i
_ Zi:1|x+k+i "V

x |

K a

X
_ « K+i
Wax = ZH ki Py "V

Ziil Dx+k+i N

_ _ X+k+1
k| ax - -

D, D

X

a, =d, -1

5 @ K+i
K| ax = Zi:O k+i px v

[0}

Dx+k+i N

N~ i=0 _ X+k
k| ax - -

D, D

Temp annuity

Excel function: Daxn (x,N,i,in_arearrs,frequency,deferred)

n k+i
_ Zi:1|x+k+i v

X

K a

n k+i
K| a'xn = Zi:l K+i px v

n
_ Zi:l Dx+k+i _ Nx+k+n+l
k|axn - D - D
X X
a,, =4, -1
k|axn k :uaxn



”—1| RVLSE
j=0  X+k+i

X

e n-1 k-+i
K| axn = Zi:O k+i px v

k|axn =

n-1
i = i=0 Dx+k+i _ Nx+k+n
K| - -

xn D D

X X

Reserves

Endowment reserve
Excel function: tVx_ Endowment (x,n,t)

th = Ax+t,n—t - I:)zn ' a‘x+t,n—t

V :1_ Dx 'Nx+t

X+t X X+n

X+n

Whole life reserve
Excel function: tVx_ Whole_live (x,t)

Temp insurance reserve
Excel function: tVx_ Temp_insurance (x,n,t)

V, = Aboent —P, -4

X+t,n—t

Mx+t_Mx+n _Mx_Mx+n N

V — X+t

tx D D N

X+t X+t X

Pure endowment reserves
Excel function: tVx_Pure_endowment (x,n,t)

th:n—t Ex+t - I:>zn : a‘x+t,n—t
V. = x+n.Nx_Nx+t
XD, N,-N

X+t X X+

Deferred life anuity reserves

Excel function:
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For t<k

th k| ax+t Tk Pa

X X4t k-t

_ Nx+k Nx — Nx+t
tYx =
Dx+t Nx - Nx+k
For t>=k
th = ax+t
_ Nx+t
th -
D
X+t
Regular netto premium
Pure endowment regular
Excel function: regular_Pure_endowment (x,n,i)
P — n EX
Xn .o
axn
— Dx+n
Xn
N X N X+n
n
_ Ix+n -V
xn n-1 i
Zi:OIX” v
n
n pX V

Whole life regular
Excel function: regular_Whole_life (x,n,i)

@
M X ZiZOCXJrI
P, = =
Nx X
» -
I:de+| 'VHl
S Y
j=0 X+
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P — Z:io il Ox v

X Ziwzoi p-V'

Temp insurance regular
Excel function: regular_netto_Temp_insurance (x,n,i)

Al
5

P

xn

xn

P — M _Mx+n _ Zin:_olcx+i
- "N, -N

" N,-N

X X+n X X+n

o _ z:dm Vi

xn ") i
Zi:O xi "V
n-1 i+1
P _ Zizo i|qx "V
x n-1 i
Zi:O i Py V

Endowment regular
Excel function: regular_netto_Endowment (x,n,i,K,D)

o _ Ao _ Aw+DIK.E,
4

xn

B M, -M,,, +D/K-D,.,
5 Nx_Nx+n

> d, VDKL,

i=0 X+

P

xn T n—ll i
Zi=0 xii Y

Z:::qu 'VHl + D/Kn Py V"

PX” n-1 i
Zi:o i Px V!




Tutorial of MS Excel application

H - =
pomO | VLOZENE

PRIPRAVEN

Input information:
Fill input information to yellow cells. See in part 1.

Output results:
Results are automatically calculated in green part 2.

Different ways of calculation:

ROZLOZENT STRANKY VZORCE DATA REVIZE ZORRAZENT VWVOIAR Jan Fojtik =
Calibri Slu o)A A — - Erzalamovattet Obecny - - ] B Vot - > '%Y H
) - ' Fogstrant - [F- © b
B I U~ H-~ Q. A' Eslnuﬂtazamvnatna stied v =« % 000 48 8 Podminéné Formatovat  Styly e B Sefadita Najita
- formétovani - jako tabulku - buriky ~ =) Formét - £~ filtrovat - vybrat ~
schrinka Pismo [ Zarounani I Cislo I Styly Bufiky Upravy ~
F8 - f v
B C D E F G w X ¥ z AB AC AD AE AX AY A7 [«
1
5 Contract Whole life |
3 108888,9865
4 AL, gmy 045369
5 -
sinele /453 687,44]
6 remium
7
8 SR S
9 iscont factor (v)
10 Omega (o)
1 Whole life L
1 t x d, C. o119 v Using Mortality tables
1 1 50 198,75 5642  0,0020359 0,9756 n p R de-vtdes-vieo
1 2 51 229,76 63,63  0,0023535 0,9518
1 3 52| 255,56 6904 00026178 0,9286
1 4 53] 268,54 70,78  0,0027507 0,9060
453 687,44 =
1 5 54 299,95 7713 0,0030725 0,8839
1 6 55 335,20 84,10  0,0034336 0,8623 Using probability
1 7 56 375,28 91,85  0,0038441 0,8413
2 8 571 41344 9873  0,0042350 0,8207
2 9 58 247,07 104,15 0,0045795 0,8007
2 10 59 479,61 109,01 0,0049128 0,7812
453687,44 = 1000000 * 0,45369
2 11 60 528,61 117,22 0,0054148 0,7621
2 12 61 588,36 127,28  0,0060267 0,7436 Using commutation numbers
2 13 62, 647,85 13673 0,0066361 0,7254 o _ « R Cr+Cout #Caz ¥ _ M.y |
i 14 63 709, 46,16  0,0072710 0,7077 D, D,
2 15 64, 785,70 157,84 0,0080481 0,6905
2 16 65 841,96 16501 00086244 0,6736 12886,16 12886,16
453 687,44 = 1000000 * =
2 17 66 930,46 17791 00095310 0,6572 28403,17 2840317 |
3 18 67| 101226 188,83 0,0103689 0,6412
3 19 58 1101,64 20049  0,0112845 06255
3 20 69 1230,38 218,46 0,0126031 0,6103
3 21 70 1321,44 22890  0,0135359 0,5954
3 22 71 1410,48 23837  0,0144480 0,5809
3 23 72 1535,55 253,18 0,0157291 0,5667
3 28 73 1613.37 259,52 0,0165263 0,5529 -
s TRADITIONAL v

See part 3, different approaches to obtain same result based on input information.

Detailed application of formulas:
Different approaches from part 3 are described in part 4 in detail.
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