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* Problems of financial viability of classical
“ay As You Go ( PAYG) social security
nension schemes

 Most of them using a Defined Benefit (DB)
structure

e |mportant risk factors :
- Ageing
- Volatility of the financial markets
- 0% Interest rates
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e Parameltric reforms ( retirement age, early
retirement , indexation,...)

e Move from DB schemes to DC schemes
( Notional Accounts , NDC )

 [ntroduction of Automatic Balance
Mechanisms as an answer to risk
exposure ( DB and DC ) to avoid any form of
“* Pension Populism”
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...But Pension reform Is not just a matter
of financial stability

Mission of the social security : social
sustainability

Fairness between generations and between
categories of workers

How to develop Social Security Pension
Schemes in PAYG with fair risk sharing between
contributors and retirees ?

Institute

I.x@x.\ and Faculty

3 of Actuaries

6



e,
¥ Institute
i@& and Faculty

VLT | of Actuaries

2. Automatic Adjustment and Risk
Sharing

18 May 2016




Incomes :

A(t) =number of contributors at time
W(t) = mean wage
m(t) = contribution rate

IN(t) = A(t). T(t).W(1)
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Qutcomes :

B(t) = number of retirees at time
P(t) = mean pension
d(t)=replacement rate

OUT(t) = B(t).P(t)= B(1)5 (t).W(t)
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Actuarial equilibrium :

IN(t) =OUT(t)

A(1). T(t).W(t) = B(t).P(t)

_B() P(1)
() S A(t) "W(t)

=dependence rat Institute
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B(t) P(t) _ P(t) _
() = A W) ()W(t) D(t)o(t)
Risk factor

Automatic Adjustment :
How to maintain automatically this equilibrium
In case of change of D(t) (! Increase!)
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B(t) P(t P(t
) =0 PO - pigy P2 oy
A(t) W(t) W(t)
Risk factor
Constant Constant
In pure DC In pure DB
Adjustment of o Adjustment of 1
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() = D(t).VF\)/—((tt))

In((t)) = In(D(1)) +In(P(t))— In(W(t))

dn(t) _ dP(t)_ dw(t) , dD(t)_ & (t), dD(t
mt) P W()" D) o) D)

Spread of dynamic evolution Ageing
between pension and wage Effect

Institute
and Faculty
of Actuaries

13



m(t)

dn(t) _ dP()_ dw(t)  dD(

P(t)

W(t)

D(1)

CASE 1: DB / Defined Benefit

dP(t) _ dw(t)

P(t)

W(t)

dr(t) _ dD(t)

m(t)

D(1)

Full indexation of pensions
on wages

Full impact of the Ageing
effect on the active generation
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dn(t) _ dP()_ dw(t)  dD(
mt) P() W) D(1)

CASE 2 : DC / Defined Contribution

M =0 Full stability of the cost

m(t)

dP(t) — dW(t)_ dD(t) Full impact of the Ageing
P('[) W(t) D(t) effect on the retirees
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dn(t) _ dP(t)_dw(t) _ dD(y
mt) P W()  D(t)

Fair risk sharing between generations :

dr(t) _ dD(t) Ageing impact on the
m(t) =(d-a(y). D(t) contribution rate
dP(t) — dW(t)—G(t). dD(t) Ageing impact on the
P(t) W (t) D(t) benefits
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dn(t) _ db(t) . dD(t)

mt)  3(t) D)

DB_ DC Risk Sharing
ds(t)= 0 dd(t) _ _dD() || da(t) _ _a(t),9PW
dri(t) _ dD(t) o(t)  D(t) o(t) D(1)

mt) D(b) dri(t) = 0 dr(t) _ _ 1-a (.92 dD(t)
m(t) D(t)
a(t)=0 a(t) =1
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dn(t) _ dP(t)_ dw(t) _ dD(y

my PO W) D(t)

EXAMPLE : MUSGRAVE rule

Goal:

To keep constant the replacement rate but net of contributions

o(t)

_P®
~W(t)

_ P(t)

- W(t).(L- (1))
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_ P _ 3
CW().1-T(t)  1-Tu(t)

vusgrave | AP(t) _ dW(t) d(ET(t))_ dW(t) () o (t,
Condion | P(t)  W(t) 1-m(t)  W(t) 21-1t(t) m(t)

Equilibrium dT[(t) — dP(t)_ dW(t%_l_ dD(t)

Condition m(t) P(t) W()" D()
am®) - (4 - ey, 920 a() =) | ;o e,
() (1-m(t)). D(t) of Actuaries
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dn(t) _ db(t) . dD(t)
mt)  o(t)  D(t)

Musqrave Solution :
dn(t) _ dD(t) KD
AT ) = T KD
ad(t) _ .. dD(b) K
50 by o0 = T kDM
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Constant risk sharing between generations :

a(t)=a (with O<a <1)

dT[('[) - (1 d D(t) Solution :
m(t) D(t) n(t) = AD(t)*™®
ao(t) _ _, db() 3(t) =AD(t) "
o(t) D(t)
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Summary

Musgrave Constant
proportion

Replacement

3(t) =3, A.D(t)™ D(t)™
Rate (t) = 1+ K D( ) o(t) = (t) o(t) = 1,.D(t)
Contribution _ K.D(t) _ _
t) =0,.D(t = = I t) =
- MY =0DM) MY =75y T =ADE) m(t) =T,
%%Eg Institute
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Example

Mean reverting dependence ratio

D,=40% D=66% B=5% [ dt)=2  m(t)="?

5(0) = 50% o = 50% ~
7

1(0) = 20% i
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Numerical illustration
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Numerical illustration
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Geometric Brownian Motion for the replacement rate

dD(t) = y(t).D(t) dt+o (t).D(t) dw(t)

with :  w(.) =standard Brownian motion
v(.) and o (.) =deterministic function

Adjustment :

dintt(t) = (1-a (t))dIn D(t)
dInd(t) =—-a(t)dIn D(t)
a(.) = adapted process
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Geometric Brownian Motion for the replacement rate
dD(t) = y.D(t)dt+o .D(t) dw(t)

Adjustment :

dInTi(t) = (1-a ) dIn D(t)
dIn&(t) = —-a dInD(t)

Solution : contribution and replacement = log normal

m(t) = 1(0).exp((l-a ).(¢- 0% /2)# o .w(t)
5(t) = 8(0).expla .(§—02 /2)to .w(t))
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* Risk analysis / stochastic demography
( D = stochastic process )

* Optimal choice for the risk sharing parameter
( ? Optimal process a(t) ? )

* NDC with risk sharing
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Questions

The views expressed in this [publication/presentation] are those of invited contributors and not necessarily those of the
IFOA. The IFOA do not endorse any of the views stated, nor any claims or representations made in this
[publication/presentation] and accept no responsibility or liability to any person for loss or damage suffered as a
consequence of their placing reliance upon any view, claim or representation made in this [publication/presentation].

The information and expressions of opinion contained in this publication are not intended to be a comprehensive study,
nor to provide actuarial advice or advice of any nature and should not be treated as a substitute for specific advice
concerning individual situations. On no account may any part of this [publication/presentation] be reproduced without the
written permission of the IFoA [or authors, in the case of non-IFOA research].
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