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Social security — why and what?

Risks around us (sickness, death, unemployment, old-
age, efc.)

Development entails transformation of society
weakening traditional family support

ageing population due to lower birth rates and mortality rates

Human ageing: longer life after reproduction

Cf. “We (biological organisms) are survival machines — robot vehicles
blindly programmed to preserve the selfish molecules known as
genes.” [Richard Dawkins, “The Selfish Gene”]

Social security is a societal measure to respond to these
risks
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Proof.

The dynamics of P 1s given by
AP=iP+N-D (1).
On the other hand,
AWP/Y) =AP/Y — AY/Y - P/Y (2).
Substituting (1) into (2), we have
AP/Y)=(N-D)yY+ (i—g) P/Y.
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Country Year Normal retirement age Life expectancy at NRA
(NRA) (years) (years)
Males Females Males Females
Germany 2010 65 65 16.5 20.2
2030 67 (by2029) 67 (by 2029) 16.8 20.5
United Kingdom 2010 65 60 16.5 24.0
2020 65 65 (by 2020) 17.3 20.8
Hungary 2010 62 62 14.7 19.3
2020 65 (by2018) 65 (by 2020) 13.6 18.0
Poland 2010 65 60 14.1 22.5

Bulgaria 2010 63 60 14.0 20.4



SWEEDH M (1)

et
|—a
——

SRR A [E D&

F &

oS D A 4 38

> AT 7 B ONZTBUR I,
DIHT3 5T,

A\ o
By
i

3 ’

£~

(

FaE, BUFOR
R DA

GLIES =AY AN

L
|—
.

AIHED> 5

1L

AT,

“E%mﬁ%%ﬁkﬁ@\ﬁﬁ
D
X

| C
%‘\
%)
.k




- DRI EE A E O TS

. B Eé®%%$i = i

£ L PREKFEEDFE YR DI (2)

UL B, il EE DOfE
B L C AT RO
NI TEY .,
ST VR B 7
BfR DO HIZ5E4E

6

(\(

fC&DGCML—IﬁAﬁ EIZEET
@Qﬁgki+f7<ﬁifhﬁ>?>%>§ZF?§§%L
., (HAEDOANFZ Y TFO

%5’%75 TAIES)

Birs
FFrTREMETL. +f7<ﬁifhﬁ>fﬁ/\ﬁﬂ§?
%)

S T
SA@%@

i o Ny R
£

FHAL

D
EE D, — @ADmﬁM@%ﬁb
@%Hﬁﬁ%%%#é# ZBA9 % AR

J
o

. FOEFECT, BREH S o R TCAEINT-BENAEERT A
%&@@4@%*@6h1b6@1@ﬁm#(xﬁ;
T DB o TeTE L. HERO L9 TR RBORTE O
HREME . FEEIC OV TR O 1



Appendix:

Topics In
Actuarial Mathematics



2.6 Stochastic process approach (*)

One of the drawbacks of the random variable approach is its inherent static feature. There is vet
another approach which explicitly traces the transition of survival status along time. Define

| i >t
AW(t) = H(T, — 1) = | [13 Eﬁ % 23 '

An intuitive meaning of this binary random variable is the indicator of survival; that is, it observes
the survival status of a life for every moment and returns the value 1 if alive, and 0 if dead.

Suppose T, takes a realised value T, = s, if we see the time development of A'*!(¢) for a fixed s, we
get a sample life path

Ac(t) = AN(E) |1, —s= H(s — t).

The distribution of A'®)(#) is determined by the following relations

Pr (4-1'1‘*"3*(1.) _ 1) —Pr(T,2t) =Pr(A(z+1t)=1|Alx)=1) =Pr(T Z a4+t |T =z

The above basic quantity that characterises the stochaistic process A'™)(t) is called the transition
probability and denoted by

Plz|z+t)=Pr(Alz+t)=1|Ax)=1).



Remark. Mathematically, {A'*(t)

state. We can, 1f we wish, reconstruct an equivalent theory by using only the properties of this
Markov process. For instance, T, 1s constructed from this process by

is a 2-state Markov process with state 0 as the absorbing

fE[ll'.:w: |

T, = ulmz{t | A (t) = 1},

Alive Dead

| s(?)

Ix=3s




Recursive formula of life annuity

Remaining payment

Alive dx_|_1

Dead O

1scounted by v

~_ ",



Alternatively, note that

Ty = f et i, dt = f e Pt | x) f e PP, 2 )t = f P Pr(AL) = 1)dt.
0 0 0 0

(x)

This relation implies that if we define the stochastic process {.!“Lt

oy AE)(t) = H(T, —t
}te[ﬂ.«x-}} (t) =H{I; ~t),

and put the function Z(t) E[‘L ] = Pr(A ': ) = = 1), then

a, = PV[Z(t)].
The above two interpretations can be summarised by

Ty = f =P Pr(T, 2 t)dt = f e~ Pr(Al®) = 1)dt = f T Pr(t ST, <t )
il I I

or, put simply as

PV(Pr(T, 2 1)) = Ela]



Definition of the operators and their properties:

Note that A = A, lim A™ —=a, lim (A" 1= fd:n — oL

T— O

The Tavlor series expansion. Newton's interpolation formula:

. . ( &Eml)“‘h
e =1+A)" =14+ — :
T

Numerical differentiation (using Newton's formula):

d=log(l+ A).

The Euler-Maclaurin summation formulas:

The Woolhouse summation formula:

1 1 1

@ A=A -t
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