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EXECUTIVE SUMMARY

Defined benefit pension schemes are pension schiemg@sich pension benefits payable
at retirement are determined using a pre-definechdita contained in the schemes’ trust
deed and rules. The pension benefit formula is llysaamultiple of a pension accrual

factor, years of service and final salary as deffiog the scheme rules.

The responsibility of the liability of these schesrsolely lies with the sponsor who is
required to set aside funds usually by way of ragabntributions into a designated fund
to meet the anticipated future benefit paymentss therefore critical that the sponsor
adopts an appropriate actuarial funding method th#it result to the remittance of

sufficient contributions in a manner not detrimémwanormal business operations.

Four main actuarial methods of funding pension sw® have been developed to
calculate an appropriate pattern of contributionsmteet the expected future benefit

payments. These methods are:

1. The Attained Age Method (AAM)
2. The Entry Age Method (EAM)

3. The Projected Unit Method (PUM)
4. The Current Unit Method (CUM)

The only difference in these funding methods is tineng of contributions but the

overall long term cost of the scheme is the same.

The choice of any of the methods to form basisuofling a scheme takes into account
the following major factors: stability, securityexibility and realism.

This project examines and analyses the four fundieghods, applies them to a model

pension scheme and evaluates the results thusiettto the extent to which they satisfy
the factors of stability, security, flexibility amdalism.

Vi



The project concludes by pointing out that the caaif actuarial funding methods should
ideally maintain a balance amongst the need fdilgta security, flexibility and realism.
Therefore, one factor should not be used as the delerminant (while ignoring the
others) in determining the funding method to bepaeld but rather carry out a trade-off
amongst all the factors and adopt a method thabst suited in the circumstances.

The choice of a funding method should also maingdialance of both the members’ and
sponsor’s interests. While the members may neeficieumt security, the sponsor may
prefer considerable flexibility even when the sck&mfunding level is below the

statutory minimum.
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CHAPTER 1

INTRODUCTION
1.1Background

Defined benefit pension schemes are pension schiemgsich pension benefits payable
at retirement are determined using a pre-definechdita contained in the schemes’ trust
deed and rules. The pension benefit formula is llysaamultiple of a pension accrual

factor, years of service and final salary as deffiog the scheme rules.

These schemes are called funded schemes when thleyens opt to set aside funds
systematically during the employees’ working lifeglwthe funds expected to accumulate
to meet the expected pension benefit at retiremBms is normally done by way of

remittance of regular contributions to the scheme.

Four main actuarial methods of funding pension sw® have been developed to
calculate an appropriate pattern of contributionsmteet the expected future benefit
payments. These methods are:

1. The Attained Age Method (AAM)

2. The Entry Age Method (EAM)

3. The Projected Unit Method (PUM)

4. The Current Unit Method (CUM)

Under the different funding methods, the timing amintributions is different but the
contributions are sufficient to meet the overatigeterm cost of the scheme.

1.2 Problem statement

The difference in the four funding methods is tliming of contributions but the
fundamental long-term amount is the same. The gmincontributions ultimately affects
the investment returns achieved and the levelmd$utaccumulated at a point of time.



The choice of a funding method is governed by dtleing factors:

i. Security: this is the ability of a funding method to ensthat the scheme has
sufficient assets to meet the scheme liabilities.

ii. Stability: this is the ability of a funding method to maintaielatively the same
contribution pattern from time to time.

iii. Realism:his is achieved when a funding method relies @umptions that are likely
to be met in practice.

iv. Flexibility: this is achieved when a funding method allows timpleyers room to

make best use of their finances.

The effect of the difference in timing of contrimuts has an impact on the extent to
which the above factors that affect the choice @fraling method are satisfied. Each of
the funding methods satisfies each of the factdferdntly, with some satisfying some

factors more than others. Therefore, funding methamtbpted by different schemes may

differ depending on the factors under consideratiotine factors intended to be achieved.

Therefore, there is need to analyse each of theirigrmethods and evaluate the extent to
which each of them satisfy the factors above acdmenend suitable funding methods

for different forms of funded defined benefit parsschemes.

This is the basis of this study.

1.3 Objectives

1.3.1 Overall objective

The overall objective of the study will be to arsdythe four funding methods and
evaluate the extent to which each of them satiefy qualities of security, stability,
realism and flexibility, and recommend suitablediny methods for different forms of

funded defined benefit pension schemes.



1.3.2 Specific objectives

The specific objectives of the study necessary tf@ achievement of the overall

objective are:

i. To determine the standard contribution rate fohezdhe funding methods;

il. To determine the actuarial liability for each oéttunding methods;

iii. To determine the behaviour of the standard cortiohurate and actuarial liability
when valuation parameters are varied particulagby; a

iv. To compare the standard contribution rates andcaaatdiabilities obtained from the
funding methods and establish the relationship eetwthe funding methods; and

v. To evaluate the results obtained for the extewhah they satisfy the qualities of

security, stability, realism and flexibility.

1.4 Justification of the study

This study is significant in that its findings aretommendations will enable prudent and
objective choice of funding methods for defined dfénpension schemes taking into
account the factors under consideration or theofaghtended to be achieved or the form

of the scheme.



CHAPTER 2
LITERATURE REVIEW

O’'Regan and Weeder (1988}iscusses actuarial methods of funding pensioerses
and follows on from the report of the Working Padlythe Pensions Standards Joint

Committee on Terminology of Pension Funding Methpualslished in 1984.

The paper analyses the basic structure of the fnaniing methods, their behaviour and
suitability under various conditions. The four méainding methods examined are:

i. The Current Unit Method

ii. The Projected Unit Method

iii. The Attained Age Method

iv. The Entry Age Method

The paper emphasizes that the cost of a pensi@mgclts not determined by the amount
paid in by way of contribution rate but by the miéite experience of the scheme.
However, the ultimate experience and thereforeultienate cost cannot be predicted
with precision and the contribution rates estalelislare only estimates. The long term

contribution rate is not a cast iron figure butestimate of the long term cost.

The paper also notes that not all the funding naghar strategies will give a sensible
estimate of the contribution rate applicable tosalheme variants. One funding method
will be most suited to a scheme of a certain tygntthe other. For example the rise in
average age and past service caused by the intrmduaf one or a few dominant
members into a small scheme will cause the standamiribution rate to rise
significantly from year to year under the CurrentitMethod but will result to a small
effect under the Projected Unit Method and the iA&éd Age Method. Therefore, in such
case, the Projected Unit and Attained Age methadslikely to result to a relatively
stable contribution rate and thus more suited tharthan Current Unit Method.

It is therefore up to the actuary’s judgement tecteand recommend a funding strategy

that will produce suitable results neither too ldecause of the danger of the scheme’s



solvency, nor too high, because of the diversiorthef company assets which could

possibly be put into better use elsewhere.

The paper holds that there are a variety of reawnsluing pension funds among them

the need to establish an appropriate long-termribuion rate. In establishing the

funding strategy suitable for determining a long¥tecontribution rate, actuaries will

consider a funding strategy that achieves theviotg objectives:

i. The strategy should result to a fund that will b#fisient at any time to cover accrued
benefits; and

ii. The strategy should result to the long-term contrdm rate being fairly stable.

The paper summarizes the rationale and signifibzetures of the funding methods as

follows:

a. Current Unit Method

Under the current unit method the contribution tteuld pay for benefits accruing

in the coming year, based on earnings at the enbabfyear together with earnings

inflation on previously accrued benefits.

The rationale of this method is that at any time @glscumulated fund is sufficient to

purchase past service benefits based on curremngar

The significant features are:

e The standard fund built up is generally the smatdéshe four methods, given the
same assumptions.

e A stable long-term contribution rate can be aclhdefar a large scheme with a
reasonable prospect of age and past service sgabibwever, this is unlikely for
small schemes where there is less prospect ofraypast service stability.

e The method cannot be used to value benefits whielsizbject to revaluation.



b. Projected Unit Method

C.

Under the projected unit method the contributide should be sufficient to purchase

benefits based on projected final earnings, whithaecrue over the next year.

The rationale of this method is to build up a fisufficient to purchase past service

benefits based on projected final earnings.

The significant features are:

* The standard fund built up is generally much larp@n under the current unit
method, and is the same as under the attained eti®

* The method is far less sensitive to changes inageenge than the current unit
method and therefore displays much greater stabilit

* The fund built up is intended to be sufficient targhase benefits on winding-up,
based on earnings at projected date of exit, afffnats ability to do this will, of
course, be subject to experience.

Attained Age Method

The rationale of the attained age method is tobéskaa contribution rate that will

remain stable throughout the working lifetime ofe ticurrent membership and

assumes that there will be no new entrants in éutGonsequently, the contribution
rate allows for gradual ageing of the membership. aAly point of time, the
accumulated fund should be at least equal to theea the accrued final earnings.

The significant features are:

* The contribution rate is higher than that requit@anaintain the funding level at
100% at earlier years. Other things being equal fuinding level rises gradually
from the date the contribution rate is establisti&dce the membership has aged
considerably the contribution rate becomes inadequle surplus is then drawn
on to supplement the contribution rate, and theélifugplevel will drop to 100%.

* The contribution rate will only remain stable itrear the age structure remains
stable or the valuation assumptions are met ie¥ethre no new entrants and the
periodic surplus is run off over the outstandinghkuag life of the membership.

 The method is particularly suitable for schemescWhare uncertain of new

members, or for very small schemes which are ptombanges in average age.



d. The Entry Age Method

The rationale of the entry age method is that thartution rate should be set at a

level sufficient to purchase benefits for a newamt

The significant features are:

The method is neutral as regards its attitude tioréunew entrants and if the new
entrants enter at the assumed ages there will id@genstrain nor release and the
contribution rate will be adequate.

The entry age method is the only one of the fouthows where new entrants can
create a capital strain or release and this oaghen new entrants occur at ages
other than those assumed.

In most cases, any realistic entry age assumptitbibevless than the average age
of the members and as a result the standard fuder ahe entry age method is the
largest of the four methods.

On the closure to new entrants of a scheme fundedthes method, the
contribution rate should remain stable (if, of g®rthe assumptions are borne out
in practice).

The determination of the new entrant age assumpgogenerally difficult
because the new entrant and withdrawal experielsceaunipredictable and
dependent on the financial fortune of the emplogarwell as the economy in

general.

The paper also analyses the sensitivity of therdmriton rates determined under the

different funding methods to variations in membeaygirofile which include age and

past service; and actuarial assumptions which declunterest rate, control period,

earning increases, mortality, early retirement amithdrawals. The significant

findings and conclusions made in this respect ohelu

The contribution rates determined under the curramt, projected unit and
attained age methods generally increase with age.

The entry age method produces a constant contributite dependent on the
assumed entry age.

The level and stability of contribution rates detered under the projected unit

and current unit methods increase with controlqukri



e The contribution rates determined under the fourdimg methods generally
increase with increase in escalation rate of egemiand decrease in valuation

interest rate, mortality and other forms of witheleh The converse is true.

Pugh (2006) outlines the regulatory framework within which apational defined
benefit pension plans are financed and addresseshallenges facing the funding of

such plans.

The paper addresses the types of funding and &dtwasting methods that could be

considered as best practice.

The paper outlines the challenges faced by regwylatuthorities in establishing
appropriate minimum funding requirements and maxmtunding limitations and
whether regulators should establish a precisefsattaarial assumptions (economic and
demographic) to be used in actuarial costing or dat a single actuarial funding
method. The paper further highlights challengesiteel to the sharing of funding
shortfalls and funding excesses (surpluses) betpkensponsors and plan members.

The paper holds that it is difficulty for regulasaio justify mandating a single actuarial
funding method. This is because employers in dffeindustries or at different stages of
their development will have correspondingly differéunding objectives. Therefore all
the actuarial funding methods namely: the Projedtedst Method, the Current Unit
Method, the Attained Age Method and the Entry Agetivbd are sound and systematic

and the use of either of the methods should natecaancern to a regulator.

The paper classifies the actuarial funding methotistwo categories namely:

a. Accrued benefits funding methods:
These methods focus on maintaining a certain levdlinding. They are security
driven in that they attempt to establish and ma#asound relationship between the
fund assets and accrued liabilities. The fundirguirement is then the contribution

required to achieve the funding objective.
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This category comprise of two methods namely:
i. The Current Unit Method
ii. The Projected Unit Method

The Current Unit Method (CUM) calculates accruebilities of active employees
without providing allowance for the effect of futursalary increases while the

Projected Unit Method (PUM) provides for futureasalincreases.

The objective of the CUM is to maintain a fund ddgoahe present value of accrued
benefits based on current earnings while the PUllased on projected earnings at

retirement.

b. Prospective Funding Methods:
These methods define a certain level of contrimstiorhey are contribution driven
and their primary objective is stability of conuiibns. These contributions then

define the targeted level of the fund at any pwiritme.

This category comprise of:
i. The Entry Age Method
ii. The Attained Age Method

The objective of the Attained Age Method (AAM) s éstablish a stable contribution

rate that will fund benefits accruing after valoatidate based on future salaries.

The objective of the Entry Age Method (EAM) is tetablish a stable contribution
rate assuming all members joined the scheme assunmeed entry age and allowing

for future salary increases.

This paper also notes that the funding method doésffect the true overall cost. The

ultimate cost of any pension plan to the sponsgiven by:



Total benefits paid to plan beneficiaries — mendmartributions —
investment income earned by the plan + expensesrattin the

operation of the plan and the fund

It can readily be seen that there are no actuealgulations or actuarial estimates in the
above formula. Nevertheless, because certain a@fdanding methods require higher
employer contributions in the early years, whichll wiopefully result in greater
investment income, the eventual employer cost directly affected by the funding
method. This is a timing issue and indeed actuduadling valuations are all about
‘timing’ i.e. setting aside assets in an organiZadhion to discharge the eventual

obligation.

The paper notes that the Projected Unit Method (Pidvarguably the most important
actuarial funding method which has been widely aglbjin many countries in absence of
any particular legislative constraints. The justifion of PUM’s dominance is due to the

following:

I. Itis viewed as the most transparent method amioa@ther methods. This is because
the goal of PUM is to maintain the pension funcetsat such a level that with future
investment income but without any future contribos, the fund will be able to pay
all accrued benefits until the last plan beneficidies and recognizes future salary
increases. Its definition of accrued liabilitiesclear and readily comparable with the
accumulating fund assets. Therefore it is easyléntify and understand favourable
and unfavourable experience.

ii. It is the most preferred by major accounting bodies the pension expensing
requirements that are imposed on plan sponsors

The paper does not recommend setting of specifi@aal assumptions but urges the use

of reasonable and appropriate assumptions thaindependently realistic and perhaps

with a margin of conservatism.

10



The paper notes that minimum funding requiremengskeecoming common so as to
protect the plan members’ benefits and ensure isganir payment of such benefits.
However, in times of economic downturn, this magdeo funding constraints on the part
of the sponsor. Several jurisdictions have relatteir minimum funding requirements
and provided for longer amortization period to addrshortfalls and ensure flexibility on

the part of the sponsor.

Maximum funding constraints have also been impgsaticularly by tax authorities to
prevent either the deliberate or accidental bupdtiexcessive assets within the pension
fund.

The Actuarial Education (ActEd) Company (2011)consists of study notes and
material for Pensions and Other Benefits prephyeithe Actuarial Education (ActEd)
Company for use by students sitting for the reléyaofessional examination; Specialist
Technical 4 (ST4).

Chapter 19; Funding Methods, discusses the usetadigal models for decision making
purposes in pensions and other benefits and ircpkat, the use of these models for

setting contributions.

The chapter defines the main actuarial funding watmamely:
i. The Attained Age Method

ii. The Entry Age Method

iii. The Projected Unit Method

iv. The Current Unit Method

The funding methods are classified into two maitegaries:
i. Prospective methods, which target a stable coritabuate.
ii. Accrued benefits methods, which fund for a targeel of cover of benefits accrued

to date i.e. target the Actuarial Liability.

11



The chapter goes further in deriving the algebeajressions for the standard
contribution rates and the actuarial liability #or individual active member whose only
benefit will be a retirement benefit based on fieatnings and uniform accrual; as well

as establishing simple relationships between thdifig methods.

The stated algebraic expressions for the standartlibution rate and the actuarial
liability are:

i. Expressions for the standard contribution rate

(R-x)xS (l+ eJR_X -
X X a,

A 1+i
SCRuu =
SxaRj‘
(R—E)XSx(l+ejR_E <al
A 1+i R
SC%AM =
SxaFTE‘
1xS (1+e)" " .
A * 1+i *
SCR’UM = Sxa
1
R-x
1><S><Afl+ €) X(l-lk'j xa, + CUALxe
|
SCRyw =

S><aﬂ

ii. Expressions for the actuarial liability

P+F)xS_(1+e)""__.
ALAAM:( A) x(1+ij xaR—SCRAAMxSxaRfX‘

P+F)xS
AI_EAM =( A)X X

1+e R-x ‘
[1+ij xa, ~SCR,y XSxafo‘
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PxS_(1+e)"" |
s =355 <o

R-x
I
Where:
P = past service at the date of valuation
F = future service i.e. (R-x)
R = assumed retirement age
E = assumed entry age
S = salary earning at the date of valuation
A = rate of pension accrual
e =assumed annual earnings (or salary growth)

i = discount rate
a, = value of annuity payable from age R

Ay

= annuity to determine present value of future iegs

The chapter notes the following:

Individual standard contribution rates generallgré@ase with age under the attained
age, projected unit and current unit methods.

The standard contribution rate under the entryraghod is constant and is
dependent on the assumed entry age.

The actuarial liabilities under the attained agéhoe and projected unit method are
equal.

The current unit standard contribution rate is Mewy at younger ages and very high
at older ages.

Given that valuation assumptions remain constaabjlgy of contributions is
achieved by maintaining stable membership profile.

The ultimate choice of funding models is depenaensecurity, stability, flexibility

and realism.
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Aitken (1996) focuses on the mathematics of pension plans agskpts an introduction
on the calculation of funding costs and actuaigilities in pension plans. The book
covers a background to pensions, different actuar@sting methods, quantifying

experience gains and losses, retirement optionsvadet pension concepts.

The book describes in detail the actuarial costiigthods namely: the Current Unit
Method, the Projected Unit Method, the Entry Agetie and the Attained Age
Method.

Scott (1999) presents an introduction to life assurance mathesjaderivation,
application and concepts thereof. The book covbees following topics: Life tables,
Assurances, Annuities, Premiums, Reserves, Prefting, Joint Life functions,
Contingencies, pension funds among others.

In particular, Chapter 19 deals exclusively witm$len Funds. This chapter makes an
introduction to pension funds by stating that thare two broad types of pension plans

namely:

i. Defined benefit plans

il. Defined contribution plans

In defined benefit plans, pension benefits areasgtin the rules of the scheme. The
sponsor is responsible for ensuring that the schisnseifficiently funded to meet the

promised benefits as and when they arise.
On the other hand, in defined contribution plaremtebutions of both the sponsor and

the members are fixed and the pension benefittiaémeent is determined by the level of

accumulated contributions and investment incomaezshr

14



The chapter introduces valuation principles of medi benefit schemes taking into
account service tables, salary scale functionsodimelr modes of decrement. The chapter
examines the determination of the mean presentevafufuture benefits and future

contributions as well as the corresponding reserves

The reserve for each member calculated prospegtisgjiven by:

Reserve = Mean present value of future benefitearpresent
value of future contributions

The contribution rate for each member expressedpescentage of earnings is given by:

Contribution rate = Mean present value of futurenbgts divide by Mean present
value of future e@gs

Finally, the chapter discusses the valuation ofsfganbenefits for the three main forms

of defined benefit pension plans namely:

i. Fixed pension schemes
ii. Average salary schemes

iii. Final salary schemes

Blake (2006) provides an insight into the theory and practitdimance as relates to

pension matters. The book discusses the variowsstgp investment assets, corporate
pension finance, the financial aspects of definmatrdoution pension plans, the financial
aspects of defined benefit pension plans, the oblpension funds and pension fund
management, pension fund performance measurenmsnimanagement in pension funds

among others.
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CHAPTER 3
MODEL DERIVATION

3.1 Introduction

There are four main actuarial funding methods ngmel
i. Attained Age Method

ii. Entry Age Method

iii. Projected Unit Method

iv. Current Unit Method

In this chapter, we derive the actuarial liabilgd the standard contribution rate under
each of the methods for funded final salary definedefit pension schemes.

Final salary defined benefit pension schemes ansipe schemes in which the pension

benefits payable to retirees depend on the finargat the time of retirement. For

example, a scheme may specify annual pensio&/géx final salary per year of service

The Actuarial Liability is the value of benefitsread to date as defined by the specific
funding method.

The Standard Contribution Rate is the ideal contiim rate to cover the cost of future
benefit accrual as defined by the specific fundimeghod.

The general form of the models derived conformhose in The Actuarial Education

(Acted) Company (2011) study notes and materialHensions and Other Benefits but
have been modified for actuarial assumptions amefite structure defined herein.
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3.2 Valuation assumptions and notations

In deriving the models, financial/economic and dgraphic assumptions are required to

project the benefits and earnings of members o$theme.

For the purpose of this study, the assumptions usddriving the models are:
i. The following are known or can be objectively detmed:

[ = valuation rate of interest per annum.

R = normal retirement age.

PAF = pension accrual rate.

S =salary at valuation date.

X = age of member at valuation date.

S, = salary scale function at age

j = salary growth per annum.

l, = number of persons who attain agecording to some mortality table.
ag = value of annuity payable from age R.

by = value of annuity to determine present vafiture earnings.

P = past service

F = Future service i.eR{X

ii. There are no other decrements other than mortality.

iii. There is no averaging of final salary.
iv. Contributions are paid continuously and salary ghoi& continuous.

v. Accrual of pension benefits is uniform.

In this chapter and subsequent chapters, the foltpabbreviations have been used:

SCR Standard Contribution Rate

AL Actuarial Liability

AAM Attained Age Method

EAM Entry Age Method

PUM Projected Unit Method

CuM Current Unit Method

PVFPB Present value of future benefits accrual for atfent active members
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based on projected firehéngs.

PVTPE Present value of total projected earnings focaltent active members
throughout their expectetlife membership.

PVTPB Present value of total benefits based ojeptred final earnings for
current active members.

PVPSB Present value of past service benefits basguojected final earnings for
current active members

PVPSBH Present value of past service benefits based wartiearnings for

current active members

3.3 Attained Age Method

The Attained Age Method targets a stable level ohtdbution; the Standard

Contribution Rate.

The targeted stable level of contribution can logusted as appropriate when the
experience does no follow the model or its pararsete

The Actuarial Liability is determined as the diffece between the discounted value of
the total expected benefits for the members anddikeounted value of the future
expected contributions.

3.3.1 Attained Age Standard Contribution Rate SCR,,,, )

Under the Attained Age Method, the standard coutitim rate, expressed as a percentage

of earnings is determined as:

The present value of all benefits which will acctagresent members after the valuation
date (by reference to service after the valuatete @nd projected final earnings)

divided by
The present value of total projected earningsafbomembers throughout their expected

future membership.
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Mathematically, for a scheme wibhactive members, this is expressed as:

PVFPB (3.1)
SCR,,, =
Raw PVTPE
1 Sk

R-x)xS x = xy(F¥) xg

i H(REx)xS g R (3.2)
S Rri Vi l"';t& dt

| 0 lxi X;

This is approximated by:

S

x(R-x)xS XL%XV(R_X‘)XaR_
sop o3 PAF S, (3.3)
R\AM _Z R-1-x; Hy )q+t+}/
S z 2 2 Txtt
S

Assuming that salary growth,is the only salary scale function, expressiontdg&@omes:

u ST x(R=x)XS X L+ )T x v xa
SCRum :Z PA Rx | (3.4)
| S v ) dt
0 %
1 1+J (R-x)
—— X(R—-Xx)xS x X a,
:zN:PAF (R=X)*3 (1+ij "
T ST
1+i X
1 R_XI)
X(R—Xx)X
N PAF ( )(I) S ( j R (3_5)

-3

Sa %R,
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Whera' is at the ratej” =Q
1+ |

3.3.2 Attained Age Actuarial Liability ( ALAAM)

Under the Attained Age Method, the Actuarial Lilils expressed as:

The present value of total benefits based on preged&inal earnings for members in

service

minus

The value of the SCR multiplied by the present gabfl total projected earnings for all

members throughout their expected future membership

This is equivalent to:

The present value of all benefits accrued at theat@n date based on the projected final

earnings for the members in service.

Mathematically, for a scheme wibhactive members, this is expressed as:

AL,,, = PVTPB- SCRx PVTPE

N g Sk (w RO st Sw
ALy = ><(P+F)i><SX x V! X>xaR—scaAstjvtl‘ M dt

—~ PAF S, xS
But,
F =R-X And;
1 x(R-x)xS x V(R‘X')xaR
N PAF Syﬁ
SCRuw =2

(3.6)

(3.7)



Substituting these equations in expression 3.7 @bod simplifying, we obtain:

AL :ZN: 1 xngxixv(R‘xi)xa (3.8)
AAM PAE

R
S

And assuming that salary growt]y,is the only salary scale function, expression 3.8

becomes:

N 1 1+J (R=%) 3.9
ALAAM:ZPAFXRXS‘X(HJ " 7

3.4 Entry Age Method

Just like the Attained Age Method, the Entry Agethel also targets a stable level of

contribution; the Standard Contribution Rate.

Unlike in the AAM, under this method, when caldirlg the SCR, we need to use an
entry age assumption, which forms the referencatpoi determining the members’
expected period of membership in the scheme. Thabees’ full expected period of

membership will be based on the single assumeg agé.

The assumed entry age may be chosen as one ottirial assumptions or may be

determined from inspection of the actual entry affesembers.
The Actuarial Liability is determined as the diffece between the discounted value of

the total expected benefits for the members anddikeounted value of the future

expected contributions.
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3.4.1 Entry Age Standard Contribution Rate(S¢Rav)

Under the Entry Age Method, the standard contrdoutate, expressed as a percentage of

earnings is determined as:

The present value of all future benefits for mersljeming the scheme at the assumed
entry age by reference to projected final earnings

divided by
The present value of total projected earningsafomembers throughout their expected

future membership.

Mathematically, for a scheme witlh active members and assumed entry ggethis is

expressed as:

PVFPB_

(3.10)
b = PVTPE,
1 x(R- xo)xSxS x y(F%) % g
N PAF S, "
SCRuw =2,
i R-Xo | §
S [ vt et
L, S
This is approximated by:
- (R-x))
—~ x(R- X /2 xyR%) g
PAF *(R=%)*3 S, A
SCRAy :Z (3.11)
| § 3"y o S
I t=0 |XO Sxo

Assuming that salary growthj, is the only salary scale function, expression 3.11

becomes:
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INGEY)
o <RSP e
SCRum =Y, e l (3.12)
i s J' ( Jj x o* dt
5 1+ l
This simplifies to:
<\ (R%o)
+
pr RS x(T] e,
SCRuy =Y. — ! (3.13)
— [ Sla %:R-Xg| e i
Where a is at the ratej = ——

1+

3.4.2 Entry Age Actuarial Liability ( Aleav)

Under the Entry Age Method, the Actuarial Liabilisyexpressed as:
The present value of total benefits based on preged&nal earnings for members in
service
minus
The value of the SCR multiplied by the present gabfl total projected earnings for all

members throughout their expected future membership

Mathematically, for a scheme wibhactive members, this is expressed as:

AL.,, = PVTPB-SCR,, x PVTPE
(3.14)
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x SR (R-%) s t|>ﬁ+t§
X (P+F) xS xExv™ xa, ~SCRy, x§ jvl——s dt

Xi 0 X X

N
Leam z
i

(3.15)

And assuming that salary growth,is the only salary scale function, expression 3.15

becomes:

N <\ (R-x) t |
Algpy :Z L X(P+F), xS x 1+ J xag =SCRuy XS 1+ J At (3.16)
— PAF 1+i 1+i Ix‘

This simplifies to:

1+
1+i

(R-x) -,
j XaR _SC%AM XS,a )g:R—ixi‘ (317)

N
Leam z
i

Fox(PeF) xS x(

Wherea' is at the ratej’ =Q
1+
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3.5 Projected Unit Method

The Projected Unit Method targets a standard lefefunding with the standard
contribution rate being set to maintain this tarfyetm year to year. The target fund is

determined taking into account future expectedtidhary/earnings growth.

The resultant standard contribution rate can beustell as appropriate when the

experience does not follow the model or its paramedlues.

The Actuarial Liability is determined as the disnted value of benefits that have
accrued over the past period of membership takmg account any future expected

inflationary growth of the on-going benefits upr&tirement age.

3.5.1 Projected Unit Standard Contribution Rate (SCR’UM)

Under the Projected Unit Method, the standard dmmion rate, expressed as a

percentage of earnings is determined as:

The present value of all benefits that will accihue¢he year following the valuation date
by reference to service in that year and projefited earnings

divided by
The present value of all members’ earnings in yeat.

Mathematically, for a scheme wibhactive members this is expressed as:

PVFPB() 3.18
SCI:%UM e ———— ( )
PVTPEQ)
P,:AL\F *S szxV(R_m 8
N
SCRy :Z a — (3.19)
! h l i+t S G+t
Sjvt 2 TR dt
| 0 IXi Sxi
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This is approximated by:

S
1 XS X R_% XV(R_Xi)xaR
N PAF S,
SCR, = z I . (3.20)
i % X+,
V &
3 I

%

Assuming that salary growth, is the only salary scale function, expression 3.19

becomes:

-\ (R%)
ixax 1+7J X a,
Y, PAF 1+i "

This simplifies to:

N PAE L1+ (3.21)
SCRyy =, =

i SI a xi:L\
Wherea' is at the ratei’ =%
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3.5.2 Projected Unit Actuarial Liability ( ALPum)

Under the Projected Unit Method, the Actuarial liligépis given as:

The present value of all benefits accrued at tHeatimn date based on projected final

earnings for members in service.

Mathematically, for a scheme wibhactive members, this is expressed as:

AL, = PVPSB (3.22)

X Sk _ (3.23)
ALPUM = Z PiF . Pl XSI xS_va(R *) xaR

X

Assuming that salary growth, j, is the only salagale function, expression 3.23

becomes:

N 1 1+ (R-x)
AL, :ZPAFXRXS' X(1+ijj X ap (3.24)
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3.6 Current Unit Method

Just like the Projected Unit Method, the CurrenttWfethod targets a standard level of
funding with the standard contribution rate beiegt® maintain this target from year to

year.

However, the CUM differs with the PUM in that therdet fund is determined without
making allowance for inflationary/earnings growtktween the date the target fund

should be held and the date payment starts iieemegnt date.

The resultant standard contribution rate can beustell as appropriate when the

experience does not follow the model or its paramedlues.

The Actuarial Liability is determined as the disnted value of benefits that have
accrued over the past period of membership basetloent earnings for members in

service.

3.6.1 Current Unit Standard Contribution Rate ( SCI:%UM)

Under the Current Unit Method, the standard coutridm rate, expressed as a percentage

of earnings is determined as:

The sum of:

a. The present value of all benefits that will acchughe year following the valuation
date by reference to service in that year and ptejeearnings at the end of that year
and,

b. The present value of all benefits accrued at #daation date in respect of members
in service multiplied by the projected percentageréase in earnings over the next
year

Divided by:
The present value of all members’ earnings in yeat.
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Mathematically, for a scheme wibhactive members, this is expressed as:

PVFPR (1) + AA
SCR,, = B@) Leum, (3.25)
PVTPEQ)
S S
! XS % Su x v Xap + Alcym x[ X _]J
_ & PAF S, S, (3.26)
SCRyy =
! i Lst sw
0 Sy
This is approximated by:
S S
L xS x 1% x y(R) Xag + Algyy X 542 -1
_u PAF S, S, (3.27)
SC%UM - Z

i syt xk

%

Assuming that salary growth, is the only salary scale function, expression 3.26
becomes:

N Pi_\FxS'x(l"'j)xV(R_Xi)xa- + Alcyy X(1+j—1)
SCR.u :Z - v ]
| X: +t
——dt
!(1+|j

X‘-

(3.28)

XSG x @1+ j) x v Xag + Algyy *

N
SCRyy, :Z PAF (3.29)

Sa'x1

Wherea' is at the ratej’ =Q
1+
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3.6.2 Current Unit Actuarial Liability ( AI‘CUM)

Under the Current Unit Method, the Actuarial Lidlyiis given as:

The present value of all benefits accrued at theatimn date based on current earnings

for members in service.

Mathematically, for a scheme wibhactive members, this is expressed as:

AL.,, = PVPSB (3.30)
N
Al =Y — - xP xS XV x g, (3.31)

~ PAF

General Remarks:

The models for the Standard Contribution Rate (S@RJ Actuarial Liability (AL)
derived in this chapter are applicable to fundethlfisalary defined benefit pension
schemes taking into account the assumptions ligteder Section 3.2. However, the
models can be modified for other forms of definetdfit pension schemes namely; the
fixed pension schemes and the average salary sshéyenodifying the calculation of

pension benefits based on the underlying formutakeassumptions.

It is important to note that the general formshaf models for the Standard Contribution
Rate (SCR) and the Actuarial Liability (AL) undéwetdifferent forms of defined benefit
pension schemes are the same; the differencehg icalculation of underlying benefits.
The next chapter analyses and discusses resudtimetitoy applying the models to a final

salary model pension scheme.
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CHAPTER 4
MODEL APPLICATION AND ANALYSIS

4.1 Introduction

For the purposes of demonstrating the applicatfdhefour models discussed and analysing
the results thereof, we shall consider a model neefi benefit pension scheme with
membership profile illustrated i@ppendix | and which calculates annual pension benefit on

retirement using the formula:

%C x Final Annual Salary Years of Service

The data for the model scheme consists of 30 meswhadomly generated.

We will assume that the scheme provides the penbmmefit as the only benefit.
However, in the real world, schemes will have \@renefits which if incorporated in
our current study will lead to complex and time sloming calculations and yet give rise

to the same findings and conclusions.

We will study and compare the four methods assurthiegvaluation assumptions used

remain the same. The essential assumptions used are

» Valuation rate of interest, 1 10%

e Salary growthj : 5%

* Normal Retirement Age : 60 years

* Mortality : A1949-52 ultimateAppendix I)

» Contributions and pension benefits are paid cootisly

» Earnings growth is continuous
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4.2 Determination of Standard Contribution Rates (£RS)

The standard contribution rates for the model sehaimder each of the four methods,
are obtained using the following formulae:

\(Rx)
x(R—xi)xSﬁx(l-”j X ag

N, PAF 1+i (4.1)
SCRuw :Z =
i Sla )g:R—xi‘
-\ (R%g)
+ -
N X(R_XO)XSX L J) X g,
_ PAF 1+1 (4.2)
SCRau —Z e
i Sa grx
1 1+ | (R-x)
X§ x ; X ag (4.3)
L PAF (1+|) "
SCRywm =Z =
i Sa g
y xS X (L+ ) x VT xag + ALy X | (4.9)
SCRum =Z PAE =
i Sa x1
Where:
i =010, =005, i 2% =0.047619047 R=60, x,=20 PAF=40
_ 100RA (., — o -
ag = > VH%RI—%@i , A1949-52 ultimate and ;:ﬁ= Y %%%@i*,
t=0 R t=0 %

A1949-52 ultimate
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The other variableS , x, and P are obtained from data of the model scheme.

Applying the above formulae on the data of the nh@adaeme we obtain the following

results:
Funding Method SCR expressed as percentage of eangis
AAM 12.39%
EAM 6.62%
PUM 11.71%
CUM 16.74%

Source: Model Pension Scheme (Appendix I11)

4.3 Comparison of actual SCRs with simple averageCIRs

The values obtained iBection 4.2above are the actual standard contribution rdtédseo

model scheme under each of the funding methods.

However, it is easy to obtain a simple averagehef sum of the individual standard
contribution rates of the members and establish liosy compare with the actual

standard contribution rates obtained.

The simple average SCRs are given by the formula:

N

Y SCR
SCR== — (4.5)

Where;

SCRis the SCR of the" member andN is the total membership which in this case is

30.

The results are tabulated below:
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Funding Method SCR expressed as percentage of earnings
Actual Simple Average
AAM 12.39% 12.89%
EAM 6.62% 6.62%
PUM 11.71% 9.71%
CuM 16.74% 11.74%

Source: Model Pension Scheme (Appendix 111-A)

Remarks
Except for the EAM, we observe that the actual S@Rsnot straight averages of the
individual SCRs of members but are weighted by nemsikearnings.

The actual SCR,,, is equal to the simple avera@CR.,,, because the assumed entry
age X, is applied uniformly to all members and consequegives the sam&CR,,,, for

all members.

The graph of actual SCRs and simple average SCétoisn below:

ACTUAL SCR VS. SIMPLE AVERAGE SCR

18.00%
16.00%
14.00% -
12.00% -+
10.00% -+ _| OACTUAL SCR

8.00% -+ B SIMPLE AVERAGE SCR

6.00% -+

4.00% -

2.00% -+

0.00% T T

SCR SCRm SCRuw SCRum

Figure 4.1 Actual Standard Contribution Rates verss Simple Average

Contribution rates
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4.4 Variation of SCRs with Age

4.4.1 Individual members’ SCRs

The graph below shows variation of individual SGRth age under each of the funding

methods based on data of the model pension scheme.

VARIATION OF SCRs WITH AGE

50.00%
45.00%
40.00% -+
35.00%
30.00%
25.00%
20.00% -
15.00%
10.00%

5.00%

oo00% +~—V—"7"7 r—7v——77 77771 T T T T T T T T T T T T T T T

— AASCR
—EASCR
PUSCR

L CUSCR

SCR

Figure 4.2 Variation of Standard Contribution Rateswith Age

Source: Model Pension Scheme (Appendix 111-A)

Remarks

From the graphs it is observed that the SCRs fdividual members under the AAM,

PUM and CUM are increasing with age.

Of course, the SCRs for individual members underBAM are the same and constant

for all members due to use of common assumed agy

The observation implies that at successive agesfalfowing ratio holds for individual
members’ SCRs determined using the AAM, PUM and Ctd&thods:
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SCRx+D) _,

SCRX) (4.6)
This can be shown mathematically as follows:
For the AAM;
1 14 )&
7><(R—1—x)x82>< _J X ag
SCR,, (x+1) _ PAF 1+i) - 4.7)
sC RAAM (X) Sz ax+l'R—l—x\
1 1+ —
X(R=X)XS x X a,
PAF (R=x)5, (1+i)J R
Sla*fox‘
R-x-1_ &y _1+i
= X —X -
R-x g 1+
X+LR-1-¥|
>1 0f P>
For the PUM;
1 1+ i (R-1-x) e 1 1+ | (R-X) e
7><Szx 71 Xag 7><Sl>< 71 X ag
SCR,u (x+1) _ PAF 1+i) -~ PAF 1+i) @8
SCRym (¥) Sa.; Sa, '
_ a  1+i
* _ l+ M
aX+m J
>1 if 1>

Similar results can be shown for the CUM.
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4.4.2 Overall scheme SCRs

If we re-order the membership data of the mode¢sehon basis of age and re-classify it
into five sets of six members each, and consideh sat to represent a separate scheme

denoted as A, B, C, D and E, we obtain the foll@iasults:

Scheme Average age SGRwv SCRpum SCRcum

A 23.17 7.44% 3.62% 0.73%
B 34.67 10.31% 6.12% 2.50%
C 44.00 13.32% 9.61% 7.90%
D 50.83 15.61% 12.66% 15.83%
E 57.17 17.66% 17.00% 33.34%

Source: Model Pension Scheme (Appendix 111-B)

Below is the graphical representation of the result

SCHEME SCRs VS AVERAGE SCHEME AGE

40.00%
35.00% -
30.00%
25.00% ——AASCR
20.00% ——PUSCR
15.00% — CUSCR
10.00%

5.00%

0.00%

SCR

23.17 34.67 44.00 50.83 57.17
AVERAGE AGE

Figure 4.3 Scheme Standard Contribution Rates versuAverage Scheme Age

Remarks
From the results obtained, it is observed thatdtleeme SCRs determined using the
AAM, PUM and CUM is higher for schemes with highererage age than those with

lower average age.
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The results are consistent with the behaviour difvidual members’ SRCs vis-a-vis age.

In general, the individual SCRs and overall sche®@Rs increase with individual
member’s age and average scheme age respectively.

4.5 Comparison of SCRs of the different funding métods

The graphs of individual members’ SCRs vis-a-vie tig AAM, EAM, PUM and CUM
is plotted below:

VARIATION OF SCRs WITH AGE

50.00% -
45.00%
40.00% -+
35.00%
30.00% -
25.00%
20.00% +
15.00%
10.00% -
5.00%
000% +~—7 7 1 7 T 1 T T T T T T T T T T T T T T T T T T T 1

— AASCR
—EASCR
PUSCR

o~ — CUSCR

SCR

D SRR S I S L O R R ST AR
AGE

Figure 4.4 Variation of Standard Contribution Rateswith Age

Source: Model Pension Scheme (Appendix Il1-A)

From the graphs, the following relationships aresested:

4.5.1 SCRam VS. SCRawm

The SCRav and the SCRBav Start at the same level, and then the ®ER increases
progressively with age while the SE& remains constant throughout.
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From the previous results 4f3.1 it was shown that except for the EAM, SCRs of AAM
PUM and CUM increase with age.

It is not always true that the SG& and the SCRyw will start at the same level. This is
because the SGIRy depends on the choice of the assumed entry agenwhithis case
happened to be the age of the youngest scheme mearzk when the assumed entry
age equals the exact age of a member, then the @ member under AAM and
EAM is the same. This is evident from the SCR foaeufori" individual member) as

shown below:

=

\(Rx)
Lxroes(21
SCRuy, = ! 4.9)

S a’FR‘Xi\

(%)
RETGSESEEE Gt ) BEH
PAF 1+i (4.10)

SCRy, =

T % R-Xg|

And if x, =X then itis clear thaBCR,,y, = SCRy, (4.11)

In addition, the following results hold:
Ifx, <%, thenSCR,,, >SCR,, (4.12)
and

(4.13)
Ifx, > X, thenSCR,,y, < SCR,y,

Comparable results hold for overall schef@®S when the assumed entry agés

compared with the average age of scheme BEmbi.e.

If X, = x then SCR,,, JSCR.,, (4.16)
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X 4.1
IfX, <X, thenSCR,,, > SCR,y, (4.15)

And

IfX, > X, then SCRy,, < SCRy, (4.16)

45.2 SCR\AM VS. SCRUM

From the graph it is observed that the Q&R is higher than the SGRRv at all ages until

at or near retirement age where the two meet.

This relationship can be proved mathematically bietmining the ratio of the formulae
of the two SCRs at agefor a member. This is as follows:

.\ (R-x) N\ (R-x)
1 X(R=Xx)xS x 1+_J xa_R 1 x Sx 1+_J xa_R
SCR,, _ PAF 1+i) - PAF 1+i)
SC - 5
RDUM axR—x\ Sax:u
(R=x)xa. (4.17)

4 >1 For (R-x)> 1

XR-X
And

(R-x)xa -

4 =1 For(R-x) =1 (4.18)

From the simplified formula above it is observedttthe SCRay equals SCRyv at one

year before retirement i.e. whéR-x) = 1
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4.5.3 SCRam Vs. SCRuywm

From the graph it is observed titlae SCRyy starts off at a very low level but ends up at

a very high level when compared to the S@R

At younger ages, this observation is consistenh witrmal expectation since S,
considers future earnings growth till retirementlel$CR-ym considers earnings growth

in the next year and therefore S&jg should be lower than SGRy.

However, the reverse effect in older ages is aiteith to the element of the SEk
arising from the revaluation of the Aly. At younger ages, the Abm is small due to
few or no past service years and the fact thaatoeued benefits are discounted over a
longer period. However, the Abm increases rapidly with age due to increase in past
service years and discounting accrued benefits avenorter period as retirement age
approaches. Therefore, at younger ages, the:G¢Romponent arising from revaluation

of the ALcuwm is very low while at older ages it is very high.

Consequently, at lower ages characterized by femoqrast service years, the impact of
the revaluation of the Adym on the SCRuw is not significant and hence SEk <
SCRaam. However, at older ages characterized by many gagice years, the impact of
the revaluation of the Adym on the SCRBuwm is very significant such that SGR, >

SCRaawm.

This result can also be proved mathematically bglifig the ratio of the two SCRs at age

x for a member. This is as follows:

(R-x) .\ (R-X)
1 1 N\ . 1 1+ ] —
-~ XS x X1+ |)xa, + A X - - 2
SCRu _ PAF (1‘“)} @+ ) xag + Aleyy J+ PAFX(R X)xsx(l+i j Xag
SCRuwm a - S
x| XR-X|

(4.19)
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Substituting Akym with:

1 1 (R-x) o
Aleom = 5ap <P X3 (ﬁ} X8g

And simplifying we obtain the simplified fouta as:

(4.20)

SCRyu =|: 1 + P }x a*erx\
SCRu LA+)™T (R=x)A+ )" ] (R-x)au

From the formula we note that the ratio insemawith agex and past service yed?s

At one year before retirement the ratio sinmdifto:

SCRum _ |14 PL (4.21)
SCR«AM 1+ J

We can test check the formula by applying it toemher of the model scheme aged
59 with 32 past service years. From the table la¢téhan appendix 1, the member’s
SCReum= 46.90%and SCRauw= 18.58%. This gives a ratio of 2.52.

Applying the simplified formula above we get:

=252

SCRy,, :{1+ 32x 0.05} _ 265
SCR,, 105 105

This is equal to the result obtained by directhiding the computed SCRs.

From the simplified formula above, we can dedues ghmember remaining with one

year to retirement and no past servigg=  wi)l have the SCRBum equal to the

SCRaav as would be expected.
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From the graph it is also noted that SGRR does not progressively increase with age
alone but also depends on the level of past serVice graph will progressively increase
with age provided past service is also increasmtigerwise the graph becomes irregular.

This is illustrated below:

CUSCR/AASCR RATIO VS AGE & PAST SERVICE
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Figure 4.5 Variation of CUSCR/AASCR Ratio with Ageand Past Service

Source: Model Pension Scheme (Appendix V)

Remarks
From the graph above it is observed that the griaqgneases smoothly provided

subsequent ages and past service years are higimepteceding values.

However, the graph takes irregular shape if thessgbent past service years
corresponding to the high age values are lower tharpreceding values corresponding
to low age values. This scenario is likely wheneolthembers join an existing scheme

with younger members.

43



4.5.4 SCRym VS. SCRuwm

The graph shows that the SgJg starts off at a very low level and end up at gy\egh
level compared to the SGRu.

We recall that the SCRwv is the sum of two elements namely: the accrualfdit
calculating benefits accrued over the next yead, the revaluation bit for calculating the
level of increase of past service accrued bendfits to increase in earnings in the next

year.

The formula for the accrual bit is given by:

1 1\ e
xS x| —— x(1+j)xa
PAF (1+J A+ 1) xag

The formula for the revaluation bit is given by:

1
PAF

(R)
XxXP xS x| — X X |
(1+i} 4]

When we compare the SGER, with the accrual bit of SCiRw we note that the SGRRm
will always be higher due to the link with projedtearnings till retirement. However,

this is only true at younger ages and the reveappdéns at older ages.

At younger ages, the revaluation bit is small dusrhall ALcym occasioned by few past
service years, non-consideration of future earnigigsvth and discounting over longer
period. Therefore, the revaluation bit does notehaignificant effect on the value of

SCRcum. Consequently the SGRwv is lower than the SGRm at younger ages.

At older ages, the revaluation bit gets largeraswed benefits increase and significantly
increases the value of SEi. Near retirement age, the revaluation bit is by tfa
dominant part of the total SEBu and results to SCRw that is much higher than the
SCRouwm.
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This result can be explained by calculating therat the two SCRs. Applying the same

procedures used in the preceding sections, thdifiedpratio is obtained as:

SCRywm {1+ Ja+ P)} (4.22)
SCRyy @+
Remarks

From the ratio, it can be deduced that at youngels,a:gﬂ<l and at older ages

UM

SCRuM >1 providedP is increasing with age.
SCRyy

At one year to retirement and no past service ydlaesformula simplifies to:

SCRyu — 1+ ] -1 (4.23)
SCRuwm 1+ ]

This means that an employee joining a scheme ayesebefore retirement will have the
same SCR under the CUM and PUM.

4.5.5 SCRam VS. SCRym and SCReym

From the graph it is observed that the $&R remains constant throughout all ages

while the SCRym and SCRuywm start off low and increase progressively with age.

These results are obvious from explanations giverthe preceding sections i.e. the
SCRe:amv is based on a single assumed entry age while tiRp@f&and SCRym are based

on age of individual members.
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General Remark

The differences noted in the standard contributiates determined using the four
actuarial funding methods affect the timing of tdmatributions also referred as the ‘pace

of funding’.

However, the standard contributions rates, regasdie the underlying method, will
ultimately result to the same required fund valt¢ha future date of expected pension

payment.

4.6 Determination of actuarial liability

The actuarial liabilities for the model scheme, em@&ach of the four methods, are

obtained using the following formulae:

*

\ (Rex) N
) X8z minus ZSCRXS'Xax:R—M (4.24)

.(R—)q) N
Noog 1 . * 4.25
Algu =¥ oy x(R R x( T xa minus 3SCRxs xa (429
N 1 1+J (R_Xi)
ALy, :ZPAFXRXSX(lﬂj Xag (4.26)
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N 1 1 (R_Xi)
Al .,y = Z SAF xP xS x( j X ag (4.27)

Where:
i=010, j=005 i :'1;—1_:0.047619047, R=60, x,=20 PAF=40
J
_ 100-R-1 t+}/ IR,-+t+}/ " R t+y |x|+t+}/ *
_ ; 5 ] . — _ 5 4
ag ; v —IR @i , A1949-52 ultimate and & - tZolv —lx @i,

A1949-52 ultimate

From the formulae above, we notice that the formdta the actuarial liability under the
Attained Age Method (4.24) and the Projected Uniethbd (4.26) are similar.

Consequently, we conclude that;

AL, = AL (28
AAM PUM

Applying the above formulae on the data of the rh@adbeme we obtain the following

results:

FUNDING STANDARD CONTRIBUTION ACTUARIAL LIABILITY

METHOD RATE (%) (KSHS)

AAM 12.39% 44,790,405.68

PUM 11.71% 44,790,405.68

EAM 6.62% 54,968,737.04

CUM 16.74% 34,402,387.03

Source: Model Pension Scheme (Appendix 1V)
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Remarks

From the above results we notice an inverse relship between the standard
contribution rates computed for the different furglimethods and the corresponding
actuarial liability i.e. when the standard conttibao rate is high, the actuarial liability is

low and vice versa.

It is also important to note that the actuariabilities determined under the AAM and
PUM are equal although the standard contributidesrare differing (even if by a small
margin). The SCRw (12.39%) is greater than SG (11.71%) and the status quo is
expected to remain for all average ages and wikdpgal at average age of one year to
retirement age. Considering that the $GiRis the amount required year by year to keep
the fund equal to the Adym then paying the SCRu > SCRoym will result to a surplus
against the AL definition.

4.7 Variation of Actuarial Liability with Age

The graph below shows the behaviour of the actubaiaility for each of the funding

methods at different ages and past service.

COMPARISON OF ACTUARIAL LIABILITY WITH AGE AND PAST
SERVICE
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Figure 4.6 Comparison of Actuarial Liability with A ge and Past Service
Source: Model Pension Scheme (Appendix 1V)
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Remarks

From the graph, we note that the actuarial liabilitreases with age and past service.

This is consistent with what is expected sincedlldeare expected to have been in service
for longer periods than the young.

4.8 Comparison of Actuarial Liability across Funding Methods

From the table and the graph above, we observe that

I. The Actuarial Liability for AAM and PUM are equal
ii. The EAM gives the highest Actuarial Liability
iii. The CUM gives the lowest Actuarial Liability

This observation can be arranged in descending asdllows:
ALgam > ALaav = ALpum> AL cum (4.29)

This result is attributed to the inverse relatiopdbetween the standard contribution rates

and the corresponding actuarial liabilities. i.e.

i.  When the prevailing standard contribution rateois,Imore funds should be set aside
now to meet future benefit payments since the atiro®ntributions may not be
enough.

ii. When the prevailing standard contribution rateighhthe funds to be set aside now
to build the required fund are relatively lesstaes high contribution rate will provide

more funds for future benefits outgo.

Also, from the individual definitions of the actiariabilities we note that:
i. The definition for the actuarial liability underelPAAM and PUM is the same and
hence the equality i.e. the present value of alkefies accrued at valuation date based

on projected final earnings for the members inisetv
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ii. The EAM provides a constant standard contributete for all members based on an
assumed entry age. Where the entry age assumedsistHan the average age of
scheme members, the resulting SCR will be lowen that expected under the AAM
and PUM. In this circumstance, the EAM will giveethighest Actuarial Liability i.e.
more funds will be required to be set aside nowesithe low contribution rate may
not provide enough funds for the expected fututgmu

iii. The actuarial liability under the CUM does not takéo account escalation of

members’ future earnings and hence the lowest Aieduaability.

4.9 Assessment of Funding Methods

4.9.1 Assessment for Stability

Stability is the ability of a funding method to mtiin relatively the same contribution

pattern from time to time.

The behaviour of a standard contribution rate waeplied to a scheme will depend on
the long term actuarial assumptions (demographit farancial/economic assumptions)
and the profile of the membership in terms of &g and salary distribution; and in

some cases past service distribution.

Assuming that the long-term actuarial assumptioemain constant, below is an

assessment of the funding methods for stabilityusty, flexibility and realism.
i Stablhty of SCRpum

The formula of the SCR\ is given by:

<\ (R-%)
Y

+1
SCRywm =z

i Sa i
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From the formula, we note that the SR will remain stable from year to year if the

membership profile is stable in terms of age, seksalary distribution.
This therefore implies that for an ongoing scheiree $CRyy will remain stable from
year to year if new entrants replace members wéneledie or retire such that the overall

membership profile remains unchanged.

However, if there are no new entrants, the §6&Hs likely to increase from year to year

due to the expected increase in the average agembers.

ii. Stability of SCRcum

The formula of the SCRw is given by:

N oa XS XA )XV xag + Algy, X |

SCRywm =z PAF Sa .z
i \ %1

From the formula, we construe that the SGIR of a scheme will remain stable from
year to year provided that the age, sex, salary @ast service distribution of the

membership remains stable.

The past service stability requirement is due t® ieed for the incorporation of the

component for revaluation of actuarial liability eindetermining the SCR.

This implies that for an ongoing scheme, new mesilp@n in a manner such that the

age, sex, salary and past service distributiorctf@ membership remains constant.
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iii. Stability of SCRaam

The formula of the SCRw is given by:

O\ (R%)
L X(R=X)xS x 1+_J xaT
_< PAF 1+ i
SCRuawm —Z

i Sa xrx|

From the formula, we deduce that the SR of a scheme will remain stable from year

to year if the age, sex and salary distributiothefmembership remains stable.

The SCRaw Will also remain stable from year to year for aseld scheme (i.e. scheme

closed to new entrants) if the calculation is perfed once at the date of closure.

iv. Stability of SCReam

The formula of the SCR is given by:

A\(Rx)
N PiFX(R_Xo)XSﬁX(]i:-J) X8
SCRu =Y |
AM : Sa .= ‘
! | %R

From the formula, we infer that the SE4R will remain stable from year to year if and

only if the entry age assumptions remain unchanged.

General remark
In the real world, SCRs rarely remain stable beeaastual experience, especially

financial and economic experience, rarely if evatofvs the assumed parameters and

actuarial assumptions.
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4.8.2 Assessment for Security

The security of a funding method is defined asab#ity of a funding method to ensure

that there will be sufficient assets to meet tHeegre’s liabilities.

All other things being equal and assuming monewdtially put into the fund, the
funding method that provides the largest targetdfactuarial liability will provide the

greatest security.

From the results of the model scheme analysedmens noted that for a given set of
parameter (with i > j);

i. The Actuarial Liability for the Entry Age Method Wexceed that for the Attained
Age Method, provided that the assumed entry a¢mier than the weighted average
age of the membership;

ii. The Actuarial Liability for the Attained Age Methad equal to that of the Projected
Unit Method;

iii. The Actuarial Liability for the Projected Unit Meattl will exceed that for the Current
Unit Method.

Based on these results we can arrange the Actuaghllities arising from the four

funding methods in descending order (i.e. fromdatdo smallest) as follows:

ALEeam > ALaav = ALpum> AL cum

Therefore, based on these results, we can conthadehe Entry Age Method provides

the greatest security and the Current Unit Methmdides the least security.
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4.8.3 Assessment for Flexibility

A funding method is said to be flexible if it allswhe employer to make the best use of

his finances (i.e. maximise returns).

This is achieved when the funding method allowsilidity in employer contributions.
Flexibility in employer contributions is desirabbecause it is likely to motivate the

employer to continue with sponsorship of the scheme

If flexibility results in the employer being able achieve a better overall return on his
money, then the long term cost to the employerro¥iding the scheme benefits will be
lower. This might ensure that the sponsorship efstheme continues or might result in

benefits being improved.

Flexibility is best achieved by using a method tfaagets a good level of security whilst
not running a large risk of breaching any statutogximum level. Having a good level
of security is important because if an employerdsde temporarily reduce contributions
he or she is paying to the scheme, this shoulddssilple without reducing the funding

level below a satisfactory level.

Therefore, funding methods that ensure the greatestrity provide the greatest
flexibility and vice versa. In this regard, usingealistic set of parameters, the Current
Unit Method is unlikely to enable flexibility du® the low level of security and hence

high contribution requirement.

On the other end, the Entry Age Method providesgiteatest security and therefore the
greatest expected flexibility. However, the methas the greatest risk of surplus funds
which may surpass statutory maxima and this may feanforced actions. If legislation
exists to stop schemes from holding excessive ag&etrelation to liabilities), the
employer may be forced to dispose of the surplmsigurather than returning the extra
money in the scheme to allow reduced contributionfuture. In this case, the use of
Projected Unit Method and the Attained Age Methedess likely to result in breach of
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statutory minima or maxima. The flexibility may teére be greater than under either of

the other two methods.

An employer could also aim to build up assets wekxcess of the Actuarial Liability
implied by the different funding methods and couige the extra reserve to fund

contribution flexibility later.

In practice, except in cases that are tightly ragpd or where scheme rules are very
specific, the choice of parameters can make anyhefmethods very flexible. The
apparent willingness of the sponsor and trusteesrnaignificant deficits in their funding
plans for extended periods of time means that ploasors are less constrained than the
funding method may sound. Thus, although a funghilag is being targeted, there may
be a great deal of flexibility about how and whie target fund will be met.

4.8.4 Assessment for Realism
A funding method is realistic if its underlying assgptions are likely to be met in

practice, otherwise it is unrealistic.

All the funding methods are unrealistic to a greatelesser extent because some of the
implicit assumptions are not borne out in praceseept where the approach used for
setting assumptions deliberately counteracts manketments.

In particular, the interest rates used to unded@oount rates and the values of the assets

relative to the liabilities vary significantly.

In assessing the extent to which a funding metlsoealistic, we consider the extent to

which the underlying assumptions conform to actxglerience.

For example the Projected Unit Method would noegavrealistic assessment of ongoing
cost for a closed scheme. This is because theot@sicrual increases with age (if i > j).
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The SCRywm calculates an average contribution rate applicabléhe cost of accrual of
the members’ benefits over the year following thésation date. In a closed scheme the
age of the membership will rise from year to yead adence the SCR will rise at each
successive valuation. Therefore, at any valuatiate,dthe calculated contribution rate
using the PUM method will understate the cost efirfel accrual since it is only valid in
the following year which will apparently be the epest year. In this case of a closed

scheme, the Attained Age Method will be more re¢ialisnd therefore preferred.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

5.0 Discussion

The overall objective of the study was to analyse four main actuarial methods of
funding pension schemes namely: Attained Age Mei#g&M), Projected Unit Method
(PUM), Entry Age Method (EAM), Current Unit Methd@€UM); and evaluating the
extent to which each of them satisfied the qualiteé security, stability, realism and
flexibility and recommend suitable funding methofis different forms of funded

defined benefit pension schemes.

The analysis involved:

i. Determining the standard contribution rate for eaictihe funding methods.

ii. Determining the actuarial liability for each of theading methods.

iii. Establishing the behaviour of the standard contidburates and actuarial liabilities
when valuation parameters (particularly age) areeda

iv. Comparing the standard contribution rates and aeluabilities across the funding
methods and establishing the relationship amohgsh t

v. Evaluating the results obtained for the extent toctv they satisfied the qualities of

security, stability, flexibility and realism.

It is worth noting that the difference in the fownding methods is the timing of the
contributions but the fundamental long-term coshessame.

Based on the results obtained from the analysih@®Model Pension Scheme data as
detailed inSection 4, the following conclusions and recommendationsehasen made:
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5.1 Conclusions

1. Except for the EAM, actual SCRs are not straighmpse averages of individual

members’ SCRs but are weighted by members’ earnings

2. Individual SCRs and overall scheme SCRs increaseindividual members’ age
and average scheme age respectively.

3. SCReam Is constant throughout all ages and how it congatith SCRs of other
funding methods is dependent on the assumed eggry a
SCRaam Is always higher than SGRy at all ages until one year to retirement age.
SCRe-uwm starts very low (at younger ages) compared to SfzRnd SCRyw but
ends up very high (at older ages).

At younger ages we have:
SCRum > SCRum > SCRum

At older ages we have:
SCReum > SCRwwm > SCRum

4. An inverse relationship exists between the SCRspeed for the different funding
methods and the corresponding actuarial liabiliteswhen the SCR is high, the
actuarial liability is low and vice versa. This g#/rise to what is called the “High/
Low” rule which states that if a method has a hrghetuarial Liability than another,
then in the long-term the SCR must be lower i.eemvlarge funds are held now,

smaller contributions will be received in future.

5. The Actuarial Liability increases with age and psetvice i.e. the cost of accrual
increases with age and past service. This imphatsthe actuarial liability

attributable to older members is greater thandttaibutable to younger members.

6. The Actuarial Liability for AAM equals that of PUM.
The EAM gives the highest Actuarial Liability whitee CUM gives the lowest
Actuarial Liability.
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These results when arranged in descending ordexsdimlows:

ALeam > ALaav = ALpum > Alcum

. Stability of a funding method refers to the abilifythe funding method to maintain
the same contribution pattern from year to years Tdependent on the underlying
long term actuarial assumptions (demographic, tr@nd economic assumptions)
remaining consistent with actual experience and bezship profile (i.e. age, sex,
salary and past service) remaining unchanged.

Because experience, especially financial and ecanexperience rarely follows the

parameters set, the SCRs will rarely be stable.

However, a scheme that aims to achieve relativelgyashould adopt objective and
realistic methods of determining and setting assiomg that are likely to follow

actual experience.

. Security of a funding method refers to the abitifya funding method to ensure that

there will be sufficient assets to meet the schsriabilities.

The funding method that provides the largest acubability will provide the

greatest security and vice versa.

All things being constant, EAM will provide the gitest security and CUM the least
security provided that the assumed entry age isidiaan the weighted average age
of the membership.

. Flexibility of a funding method is achieved whese flanding method gives the

employer room to make the best use of his finaacésultimately enable him

maximise returns.

59



A funding method that is flexible will allow the groyer to vary contributions
(usually by reducing) at some point in time withta#ding to undesirable effects of

under-funding to the extent of even going belowgéestatutory minima (if any).

Flexibility is best achieved by using a method tlaagets a good level of security

whilst not running a large risk of breaching thestatutory maximum level (if any).

The EAM provides the greatest security and henpe&bed flexibility; but faces the
risk of accumulation of excess surplus funds thay iireach some set statutory

maxima (if any) which may lead to enforced actiohdisposal.

The CUM provides the least security and theref@®the least flexibility due to the
low target fund and any reduction in the contribos is likely to breach the set

statutory minimum which exists in most cases.

The PUM and the AAM provide moderate security aadde moderate flexibility

and are less likely to breach the set statutoryimaor minima.

An employer could also enhance flexibility of thenfling methods by building up
assets well in excess of the actuarial liabilitpli®d by the funding methods and

could use the extra reserve to fund contributiexibility later.

10.Realism of a funding method is achieved when thaedging assumptions of the

funding method are likely to be met in practice.
All funding methods are unrealistic to some extatause some of the implicit

assumptions are rarely borne in practise exceptemie approach used for setting

assumptions deliberately take into account markeditions.
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5.2 Recommendations

1. Ongoing schemes that intend to ensure stabilitgasftributions in the long term
should ensure that a balance is maintained betwatrants and exits such that the
overall membership profile (i.e. age, sex, salamy past service distribution) remains

relatively constant from year to year.

Closed schemes that intend to ensure stabilitpofributions in the long term should
determine the Standard Contribution Rate usingAtttained Age Method and this

rate should be calculated once at the time of céosu

2. The level of security of a funding method adoptedunding a scheme is determined
by the extent in which the resultant accumulatdies®e assets match the accrued

scheme liabilities.

The accumulated assets at a point of time are s match the accrued liabilities
commonly referred as the actuarial liability. THere, the actuarial liability

determined based on any of the four funding methmdsides guidance to the
amount of funds to be set aside to fully meet s&héenefits accrued in respect of

service up to that point of time.

Therefore, schemes that intend to enjoy a gre&i lefvsecurity (in terms of funding
level) should adopt the funding method that essalel the largest actuarial liability at

a given point of time.

In terms of the level of security, the funding noetk are ranked as follows in

descending order:
i. Entry Age Method

ii. Attained Age Method and Projected Unit Method
iii. Current Unit Method
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That is:

ALeam > AL aam = AL pum > Al cuwm

. The extent of flexibility in a scheme particulanyterms of payment of contributions
is determined by the level of security. A schemthwi high level of security has high

flexibility and vice versa.

Therefore, where the sponsor expects to have sdexgbifity in payment of
contributions in future, the scheme should adogurading method that ensures
considerable security through considerable build aipassets at present. This
basically means adoption of a funding method tistaldishes the largest actuarial
liability.

Alternatively, the sponsor may choose to build sscassets over and above those
implied by the actuarial liabilities determined i various funding methods so as to
provide cushion in future years when there maydveefd reduction in contributions

say, due to financial difficulties. However, theepent build up of excess assets

should not breach statutory maximum limits.

Therefore, in terms of ensuring flexibility intoetHuture, the ranking of the funding

methods in descending order is:

i. Entry Age Method
ii. Attained Age Method and Projected Unit Method
iii. Current Unit Method

. Realism in funding methods is achieved through uke of actuarial assumptions
which comprise financial, economic and demograpksumptions, that will likely be

met and be reflective of the actual experience.

Since future occurrences are shrouded in unceytaittis difficult to establish
actuarial assumptions that will exactly match theual experience. However, the use
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of statistical and analytical tools can to a gredent provided an objective way of
determining and setting reliable estimates of wayiactuarial parameters that can be

relied on and which are not likely to significantigviate from the actual experience.

Therefore, schemes should adopt objective techsiqufe establishing actuarial
assumptions by taking into account prevailing meadanditions and demographic

experience.

In conclusion, the choice of actuarial funding noeth should ideally maintain a balance
amongst the need for stability, security, flexiyiland realism. Therefore, one factor
should not be used as the sole determinant (winlering the others) in determining the
funding method to be adopted but rather carry auad@e-off amongst all the factors and
adopt a method that is most suited in the circuntets.

The choice of a funding method should also maingdialance of both the members’ and
sponsor’s interests. While the members may neeficiemt security, the sponsor may
prefer considerable flexibility even when the sck&mfunding level is below the
statutory minimum. It is for this reason that inngaountries, the sponsors are allowed a

reasonable period of time (e.g. 6 years, for Kenyagettle actuarial deficits.
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APPENDIX I: MEMBERSHIP DATA OF MODEL
PENSION SCHEME

CURRENT

CURRENT ANNUALISED| PAST SERVICE
COUNT AGE MONTHLY SALARY SALARY YEARS
1 20 15,000 180,000 0
2 20 20,000 240,000 1
3 23 20,000 240,000 2
4 24 25,000 300,000 1
5 26 45,000 540,000 3
6 26 25,000 300,000 3
7 31 30,000 360,000 5
8 33 30,000 360,000 7
9 35 55,000 660,000 7
10 35 65,000 780,000 7
11 35 35,000 420,000 4
12 39 55,000 660,000 5
13 40 70,000 840,000 3
14 42 15,000 180,000 9
15 42 45,000 540,000 12
16 44 90,000 1,080,000 11
17 47 95,000 1,140,000 14
18 49 80,000 960,000 16
19 49 65,000 780,000 13
20 50 70,000 840,000 23
21 50 35,000 420,000 24
22 50 65,000 780,000 19
23 52 75,000 900,000 20
24 54 50,000 600,000 10
25 55 105,000 1,260,000 15
26 55 100,000 1,200,000 25
27 57 135,000 1,620,000 25
28 58 95,000 1,140,000 27
29 59 55,000 660,000 9
30 59 120,000 1,440,000 32
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APPENDIX 1l: A1949-52 ULTIMATE

Ati=10%
|| D, =vi,| D, =v N=YD a=N

Age X qX pX X X v X ><+}£ ><+}£ x+}/2 Dx
10 0.00111 0.99889 100,000 38,554.3 36,739.71 398,143.65 10.3268
11 0.00111 0.99889 99,889 35,010.5 33,362.66 361,403.95 10.3227
12 0.00111 0.99889 99,778 31,792.4 30,296.03 328,041.28 10.3182
13 0.00111]  0.99889 99,667 28,870.1 27,511.27 297,745.26 10.3133
14 0.00111]  0.99889 99,557 26,216.4 24,982.48 270,233.99 10.3078
15 0.00111]  0.99889 99,446 23,806.6 22,686.14 245,251.50 10.3018
16 0.00111]  0.99889 99,336 21,618.4 20,600.87 222,565.36 10.2952
17 0.00111]  0.99889 99,226 19,631.3 18,707.28 201,964.49 10.2879
18 0.00111 0.99889 99,115 17,826.8 16,987.74 183,257.22 10.2799
19 0.00111 0.99889 99,005 16,188.2 15,426.26 166,269.48 10.2710
20 0.00111 0.99889 98,896 14,700.2 14,008.30 150,843.22 10.2613
21 0.00111 0.99889 98,786 13,349.0 12,720.68 136,834.92 10.2506
22 0.00111 0.99889 98,676 12,122.0 11,551.42 124,114.23 10.2388
23 0.00112]  0.99888 98,567 11,007.7 10,489.58 112,562.81 10.2258
24 0.00112]  0.99888 98,456 9,995.8 9,525.31 102,073.23 10.2116
25 0.00112]  0.99888 98,346 9,076.9 8,649.67 92,547.92 10.1959
26 0.00113]  0.99887 98,236 8,242.5 7,854.49 83,898.25 10.1787
27 0.00113 0.99887 98,125 7,484.7 7,132.38 76,043.76 10.1599
28 0.00114 0.99886 98,014 6,796.6 6,476.62 68,911.39 10.1391
29 0.00115 0.99885 97,902 6,171.7 5,881.09 62,434.77 10.1163
30 0.00116 0.99884 97,790 5,604.2 5,340.27 56,553.67 10.0913
31 0.00118 0.99882 97,676 5,088.8 4,849.11 51,213.40 10.0639
32 0.00120]  0.99880 97,561 4,620.7 4,403.04 46,364.28 10.0340
33 0.00123]  0.99877 97,444 4,195.6 3,997.90 41,961.24 10.0012
34 0.00127]  0.99873 97,324 3,809.5 3,629.91 37,963.34 9.9654
35 0.00132]  0.99868 97,200 3,458.8 3,295.65 34,333.43 0.9264
36 0.00139 0.99861 97,072 3,140.2 2,991.98 31,037.78 9.8840
37 0.00147 0.99853 96,937 2,850.8 2,716.10 28,045.80 9.8380
38 0.00158 0.99842 96,795 2,587.8 2,465.41 25,329.70 9.7882
39 0.00171 0.99829 96,642 2,348.8 2,237.60 22,864.29 9.7344
40 0.00188 0.99812 96,476 2,131.6 2,030.53 20,626.70 9.6764
41 0.00208]  0.99792 96,295 1,934.2 1,842.28 18,596.17 0.6143
42 0.00231]  0.99769 96,095 1,754.7 1,671.12 16,753.89 9.5479
43 0.00259]  0.99741 95,873 1,591.5 1,515.48 15,082.76 9.4770
44 0.00292]  0.99708 95,624 1,443.1 1,373.92 13,567.28 9.4016
45 0.00330 0.99670 95,345 1,308.1 1,245.13 12,193.37 9.3217
46 0.00372 0.99628 95,031 1,185.2 1,127.96 10,948.24 9.2373
47 0.00420 0.99580 94,677 1,073.5 1,021.36 9,820.28 9.1482
48 0.00474 0.99526 94,279 971.8 924.36 8,798.91 9.0544
49 0.00534 0.99466 93,833 879.2 836.09 7,874.55 8.9560
50 0.00599]  0.99401 93,331 795.0 755.78 7,038.46 8.8529
51 0.00671]  0.99329 92,772 718.4 682.71 6,282.68 8.7449
52 0.00750]  0.99250 92,150 648.7 616.24 5,599.97 8.6320
53 0.00837]  0.99163 91,459 585.3 555.77 4,983.74 8.5142
54 0.00931 0.99069 90,693 527.7 500.78 4,427.97 8.3914
55 0.01035 0.98965 89,849 475.2 450.78 3,927.19 8.2635
56 0.01148 0.98852 88,919 427.6 405.33 3,476.40 8.1307
57 0.01272 0.98728 87,898 384.2 364.02 3,071.08 7.9927
58 0.01408 0.98592 86,780 344.9 326.50 2,707.05 7.8497
59 0.01557]  0.98443 85,558 309.1 292.42 2,380.55 7.7017
60 0.01720]  0.98280 84,226 276.6 261.48 2,088.14 7.5487
61 0.01899]  0.98101 82,777 247.1 233.41 1,826.66 7.3909
62 0.02096]  0.97904 81,205 220.4 207.95 1,593.25 7.2284
63 0.02312 0.97688 79,503 196.2 184.88 1,385.29 7.0615
64 0.02549 0.97451 77,665 174.2 163.99 1,200.41 6.8902
65 0.02810 0.97190 75,686 154.3 145.09 1,036.42 6.7150
66 0.03095 0.96905 73,559 136.4 128.01 891.32 6.5361
67 0.03409 0.96591 71,282 120.1 112.59 763.31 6.3537
68 0.03753]  0.96247 68,852 105.5 98.69 650.72 6.1685
69 0.04130]  0.95870 66,268 92.3 86.19 552.02 5.9806
70 0.04543]  0.95457 63,531 80.4 74.96 465.84 5.7907
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APPENDIX II: A1949-52 ULTIMATE

Ati=10%
X X+ N =_N

Agex | 0, P, I, Vi, | D=Vl N=YD, ., a=Ng
71 0.04995 0.95005 60,645 69.8 64.90 390.88 5.5992
72 0.05489 0.94511 57,616 60.3 55.91 325.98 5.4065
73 0.06028 0.93972 54,453 51.8 47.90 270.07 5.2133
74 0.06616 0.93384 51,171 44.3 40.80 222.16 5.0201
75 0.07257 0.92743 47,785 37.6 34.52 181.36 4.8273
76 0.07953 0.92047 44,318 31.7 29.00 146.84 4.6357
77 0.08709 0.91291 40,793 26.5 24.17 117.84 4.4458
78 0.09528 0.90472 37,240 22.0 19.98 93.67 4.2580
79 0.10414 0.89586 33,692 18.1 16.35 73.69 4.0731
80 0.11369 0.88631 30,183 14.7 13.25 57.34 3.8915
81 0.12397 0.87603 26,752 11.9 10.62 44.09 3.7136
82 0.13500 0.86500 23,435 9.5 8.41 33.47 3.5400
83 0.14681 0.85319 20,272 7.4 6.57 25.07 3.3711
84 0.15942 0.84058 17,296 5.8 5.06 18.50 3.2073
85 0.17282 0.82718 14,538 4.4 3.84 13.44 3.0489
86 0.18704 0.81296 12,026 3.3 2.86 9.60 2.8961
87 0.20205 0.79795 9,776 2.4 2.10 6.73 2.7491
88 0.21785 0.78215 7,801 1.8 1.51 4.63 2.6082
89 0.23440 0.76560 6,102 1.3 1.06 3.12 2.4732
90 0.25168 0.74832 4,671 0.9 0.73 2.06 2.3441
91 0.26963 0.73037 3,496 0.6 0.49 1.33 2.2206
92 0.28819 0.71181 2,553 0.4 0.32 0.83 2.1020
93 0.30730 0.69270 1,817 0.3 0.21 0.51 1.9873
94 0.32688 0.67312 1,259 0.2 0.13 0.30 1.8743
95 0.34683 0.65317 847 0.1 0.08 0.17 1.7595
96 0.36706 0.63294 553 0.1 0.05 0.10 1.6359
97 0.38747 0.61253 350 0.0 0.03 0.05 1.4902
98 0.40795 0.59205 215 0.0 0.01 0.02 1.2956
99 0.42840 0.57160 127 0.0 0.01 0.01 0.9970
100 1.00000 0.00000 73 0.0 0.00 0.00 0.4767
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APPENDIX II: A1949-52 ULTIMATE

. _i-j _010-005

Ati = - =0.04762= 47626
1+ 1+ 005
A o _ ,(/

Age X a, P, I D, =V, | Duy =V 7oy | N —ZDX% a="b,
10 0.00111] _ 0.99889 100,000 62,800.9 61,322.99 1,046,682.50 19.8513
11 0.00111] _ 0.99889 99,889 59,879.8 58,470.61 1,185,359.50 19.7956
12 0.00111] _ 0.99889 99,778 57,094.6 55,750.90 1,126,888.89 19.7372
13 0.00111] _ 0.99889 99,667 54,438.9 53,157.70 1,071,137.99 19.6760
14 0.00111] _ 0.99889 99,557 51,906.7 50,685.12 1,017,980.29 19.6117
15 0.00111] _ 0.99889 99,446 49,4923 48,327.55 967,295.17 10.5444
16 0.00111] _ 0.99889 99,336 47,190.2 46,079.63 918,967.63 10.4737
17 0.00111] _ 0.99889 99,226 44,9952 43,936.28 872,887.99 19.3996
18 0.00111] _ 0.99889 99,115 42,9023 41,892.63 828,95L.71 19.3219
19 0.00111] _ 0.99889 99,005 40,906.7 39,944.03 787,059.09 19.2403
20 0.00111] _ 0.99889 98,896 39,004.0 38,086.07 747,115.06 10.1548
21 0.00111] _0.99889 98,786 37,189.7 36,314.53 709,028.99 19.0652
22 0.00111] _ 0.99889 98,676 35,459.9 34,625.39 672,714.46 18.9711
23 0.00112] _0.99888 98,567 33,8105 33,014.66 638,089.07 18.8725
24 0.00112] _0.99888 98,456 32,2375 31,478.70 605,074.41 18.7693
25 0.00112] _0.99888 98,346 30,737.7 30,014.19 573,595.71 18.6610
26 0.00113] _0.99887 98,236 29,307.7 28,617.68 543,581.52 18.5474
27 0.00113] _0.99887 98,125 27,943.9 27,286.01 514,963.84 18.4285
28 0.00114] _0.99886 98,014 26,643.6 26,016.17 487,677.83 18.3038
29 0.00115] _0.99885 97,902 25,4035 24,805.19 461,661.66 18.1731
30 0.00116] _ 0.99884 97,790 24,220.9 23,650.33 436,856.47 18.0363
31 0.00118] _0.99882 97,676 23,003.2 22,548.90 413,206.14 17.8930
32 0.00120] __0.99880 97,561 22,017.5 21,498.34 390,657.24 17.7431
33 0.00123] _0.99877 97,444 20,9914 20,496.21 369,158.90 17.5862
34 0.00127] __0.99873 97,324 20,012.6 19,540.11 348,662.70 17.4221
35 0.00132] _0.99868 97,200 19,078.7 18,627.77 329,122.59 17.2508
36 0.00139] _ 0.99861 97,072 18,187.5 17,756.96 310,494.82 17.0719
37 0.00147] _0.99853 96,937 17,336.6 16,925.58 292,737.87 16.8855
38 0.00158] _ 0.99842 96,795 16,524.3 16,131.60 275,812.28 16.6913
39 0.00171] _ 0.99829 96,642 15,748.3 15,373.02 259,680.68 16.4895
40 0.00188] _ 0.99812 96,476 15,006.7 14,647.91 244,307.66 16.2799
41 0.00208] _0.99792 96,295 14,297.7 13,954.41 229,659.76 16.0627
42 0.00231] _0.99769 96,095 13,619.4 13,290.88 215,705.35 15.8381
43 0.00259] _ 0.99741 95,873 12,970.3 12,655.67 202,414.47 15.6060
44 0.00292] _0.99708 95,624 12,348.7 12,047.13 189,758.80 15.3667
45 0.00330] _0.99670 95,345 11,752.9 11,463.78 177,711.67 15.1206
46 0.00372] _ 0.99628 95,031 11,1817 10,904.29 166,247.89 14.8679
47 0.00420] _0.99580 94,677 10,633.7 10,367.43 155,343.60 14.6086
48 0.00474] 0.99526 94,279 10,107.7 9,851.95 144,976.18 14.3431
49 0.00534] _0.99466 93,833 9,602.6 9,356.74 135,124.23 14.0717
50 0.00599] _0.99401 93,331 9,117.1 8,880.85 125,767.48 13.7946
51 0.00671] _0.99329 92,772 8,650.6 8,423.35 116,886.63 13.5120
52 0.00750] __0.99250 92,150 8,202.0 7,983.36 108,463.28 13.2240
53 0.00837] __0.99163 91,459 7,7704 7,560.02 100,479.93 12.9310
54 0.00931] __0.99069 90,693 7,355.2 7,152.60 92,919.01 12.6333
55 0.01035] _0.98965 89,849 6,955.5 6,760.39 85,767.30 12.3309
56 0.01148] _0.98852 88,019 6,570.6 6,382.68 79,006.91 12.0243
57 0.01272] _0.98728 87,898 6,199.9 6,018.86 72,624.23 11,7137
58 0.01408] _0.98592 86,780 5,842.8 5,668.31 66,605.37 11.3995
59 0.01557] _0.98443 85,558 5,498.7 5,330.48 60,037.06 11.0820
60 0.01720] __0.98280 84,226 5,167.1 5,004.85 55,606.58 10.7617
61 0.01899] _ 0.98101 82,777 4,847.4 4,690.95 50,60L.73 10.4390
62 0.02096] 097904 81,205 4,539.2 4,388.32 45,910.78 10.1144
63 0.02312] _0.97688 79,503 4,242.0 4,096.58 41,522.46 9.7884
64 0.02549] _ 0.97451 77,665 3,955.6 3,815.38 37,425.88 9.4615
65 0.02810] _0.97190 75,686 3,6795 3,544.43 33,610.50 9.1344
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APPENDIX II: A1949-52 ULTIMATE

. _i-j _010-005

Ati'=— =0.04762= 4762%
1+ 1+ 005
¥ —

Age X qx px I X Ix+}~/2 N Z Dx+}é
66 0.03095]  0.96905 73,559 3,283.50 30,066.07
67 0.03409]  0.96591 71,282 3,032.40 26,782.58
68 0.03753]  0.96247 68,852 2,790.99 23,750.18
69 0.04130] _ 0.95870 66,268 2,559.22 20,959.18
70 0.04543]  0.95457 63,531 2,337.06 18,399.96
71 0.04995]  0.95005 60,645 2,124.56 16,062.90
72 0.05489]  0.94511 57,616 1,921.81 13,938.34
73 0.06028]  0.93972 54,453 1,728.96 12,016.53
74 0.06616]  0.93384 51,171 1,546.18 10,287.57
75 0.07257| _ 0.92743 47,785 1,373.69 8,741.39
76 0.07953]  0.92047 44,318 1,211.70 7,367.70
77 0.08709]  0.91291 40,793 1,060.45 6,156.00
78 0.09528]  0.90472 37,240 920.13 5,095.56
79 0.10414]  0.89586 33,692 790.92 4,175.43
80 0.11369]  0.88631 30,183 672.94 3,384.50
81 0.12397]  0.87603 26,752 566.22 2,711.56
82 0.13500] _ 0.86500 23,435 470.70 2,145.33
83 0.14681]  0.85319 20,272 386.19 1,674.64
84 0.15942| _ 0.84058 17,296 312.37 1,288.45
85 0.17282] 0.82718 14,538 248.81 976.08
86 0.18704] _ 0.81296 12,026 104.93 727.26
87 0.20205] _ 0.79795 9,776 150.01 532.33
88 0.21785]  0.78215 7,801 113.26 382.32
89 0.23440] _ 0.76560 6,102 83.77 269.06
90 0.25168]  0.74832 4,671 60.62 185.28
o1 0.26963]  0.73037 3,496 42.86 124.66
92 0.28819] 0.71181 2,553 29.56 81.80
93 0.30730] _ 0.69270 1,817 19.86 52.24
94 0.32688] 0.67312 1,259 12.98 32.38
95 0.34683] _ 0.65317 847 8.24 19.40
96 0.36706] _ 0.63294 553 5.07 11.16
97 0.38747] _ 0.61253 350 3.03 6.00
98 0.40795] _ 0.59205 215 1.75 3.06
99 0.42840] _ 0.57160 127 0.98 1.31
100 1.00000]  0.00000 73 0.34 0.34




APPENDIX lll: STANDARD CONTRIBUTION
RATES

A. STANDARD CONTRIBUTION RATES OF OVERALL SCHEME

MEMBERSHIP

CURRENT, CURRENT] PAST]

MONTHLY| ANNUALISED| SERVICE sc sC
COUNT AGE SALARY| SALARY] YEARS SC R\AM %AM RUM SC Rum
1 20 15,000.00 180,000.00 0 6.62% 6.62% 3.01% 0.45%
2 20 20,000.00 240,000.00 1 6.62% 6.62% 3.01% 0.47%
3 23 20,000.00 240,000.00 2 7.25% 6.62% 3.46% 0.65%
4 24 25,000.00 300,000.00 1 7.47% 6.62% 3.62% 0.69%
5 26 45,000.00 540,000.00 3 7.92% 6.62% 3.97% 0.91%
6 26 25,000.00 300,000.00 3 7.92% 6.62% 3.97% 0.91%
7 31 30,000.00 360,000.00 5 9.17% 6.62% 5.02% 1.58%
8 33 30,000.00 360,000.00 7 9.71% 6.62% 5.50% 2.06%
9 35 55,000.00 660,000.00 7 10.29% 6.62% 6.04% 2.50%
10 35 65,000.00 780,000.00 7 10.29% 6.62% 6.04% 2.50%
11 35 35,000.00 420,000.00 4 10.29% 6.62% 6.04% 2.23%
12 39 55,000.00 660,000.00 5 11.51% 6.62% 7.28% 3.40%
13 40 70,000.00 840,000.00 3 11.84% 6.62% 7.63% 3.45%
14 42 15,000.00 180,000.00 9 12.51% 6.62% 8.37% 5.22%
15 42 45,000.00 540,000.00 12 12.51% 6.62% 8.37% 5.74%
16 44 90,000.00 | 1,080,000.00 11 13.20% 6.62% 9.19% 6.74%
17 47 95,000.00 | 1,140,000.00 14 14.29% 6.62% 10.57% 9.81%
18 49 80,000.00 960,000.00 16 15.03% 6.62% 11.61% 12.56%
19 49 65,000.00 780,000.00 13 15.03% 6.62% 11.61% 11.54%
20 50 70,000.00 840,000.00 23 15.40% 6.62% 12.17% 16.43%
21 50 35,000.00 420,000.00 24 15.40% 6.62% 12.17% 16.81%
22 50 65,000.00 780,000.00 19 15.40% 6.62% 12.17% 14.94%
23 52 75,000.00 900,000.00 20 16.15% 6.62% 13.36% 18.54%
24 54 50,000.00 600,000.00 10 16.88% 6.62% 14.68% 16.98%
25 55 105,000.00 | 1,260,000.00 15 17.24% 6.62% 15.39% 21.70%
26 55 100,000.00 | 1,200,000.00 25 17.24% 6.62% 15.39% 27.73%
27 57 135,000.00 | 1,620,000.00 25 17.94% 6.62% 16.91% 33.59%
28 58 95,000.00 | 1,140,000.00 27 18.27% 6.62% 17.72% 38.58%
29 59 55,000.00 660,000.00 9 18.58% 6.62% 18.58% 26.55%
30 59 120,000.00 | 1,440,000.00 32 18.58% 6.62% 18.58% 46.90%
SIMPLE
AVERAGE 41.97 12.89% 6.62% 9.71% 11.74%
WEIGHTED
AVERAGE
(ACTUAL) 41.97 12.39% 6.62% 11.71% 16.74%
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APPENDIX lll: STANDARD CONTRIBUTION
RATES

B. STANDARD CONTRIBUTION RATES OF SEGMENTED SCHEME
MEMBERSHIP (GROUPS OF 5)

CURRENT CURRENT PAST

SUB- MONTHLY| ANNUALISED| SERVICE sc

SCHEME [COUNT AGE SALARY]| SALARY YEARS SC RAAM SC I%AM R’UM SC%UM
1 20 15,000.00 180,000.00 0 6.62% 6.62% 3.01% 0.45%
2 20 20,000.00 240,000.00 1 6.62% 6.62% 3.01% 0.47%
3 23 20,000.00 240,000.00 2 7.25% 6.62% 3.46% 0.65%
4 24 25,000.00 300,000.00 1 7.47% 6.62% 3.62% 0.69%
5 26 45,000.00 540,000.00 3 7.92% 6.62% 3.97% 0.91%
6 26 25,000.00 300,000.00 3 7.92% 6.62% 3.97% 0.91%
SIMPLE
AVERAGE 23.17 7.30% 6.62% 3.51% 0.68%
WEIGHTED
AVERAGE 23.17 7.44% 6.62% 3.62% 0.73%
7 31 30,000.00 360,000.00 5 9.17% 6.62% 5.02% 1.58%
8 33 30,000.00 360,000.00 7 9.71% 6.62% 5.50% 2.06%
9 35 55,000.00 660,000.00 7 10.29% 6.62% 6.04% 2.50%
10 35 65,000.00 780,000.00 7 10.29% 6.62% 6.04% 2.50%
11 35 35,000.00 420,000.00 4 10.29% 6.62% 6.04% 2.23%
12 39 55,000.00 660,000.00 5 11.51% 6.62% 7.28% 3.40%
SIMPLE
AVERAGE 34.67 10.21% 6.62% 5.99% 2.38%
WEIGHTED
AVERAGE 34.67 10.31% 6.62% 6.12% 2.50%
13 40 70,000.00 840,000.00 3 11.84% 6.62% 7.63% 3.45%
14 42 15,000.00 180,000.00 9 12.51% 6.62% 8.37% 5.22%
15 42 45,000.00 540,000.00 12 12.51% 6.62% 8.37% 5.74%
16 44 90,000.00 [ 1,080,000.00 11 13.20% 6.62% 9.19% 6.74%
17 47 95,000.00 | 1,140,000.00 14 14.29% 6.62% 10.57% 9.81%
18 49 80,000.00 960,000.00 16 15.03% 6.62% 11.61% 12.56%
SIMPLE
AVERAGE 44.00 13.23% 6.62% 9.29% 7.25%
WEIGHTED
AVERAGE 44.00 13.32% 6.62% 9.61% 7.90%
19 49 65,000.00 780,000.00 13 15.03% 6.62% 11.61% 11.54%
20 50 70,000.00 840,000.00 23 15.40% 6.62% 12.17% 16.43%
21 50 35,000.00 420,000.00 24 15.40% 6.62% 12.17% 16.81%
22 50 65,000.00 780,000.00 19 15.40% 6.62% 12.17% 14.94%
23 52 75,000.00 900,000.00 20 16.15% 6.62% 13.36% 18.54%
24 54 50,000.00 600,000.00 10 16.88% 6.62% 14.68% 16.98%
SIMPLE
AVERAGE 50.83 15.71% 6.62% 12.69% 15.87%
WEIGHTED
AVERAGE 50.83 15.61% 6.62% 12.66% 15.83%
25 55 105,000.00 | 1,260,000.00 15 17.24% 6.62% 15.39% 21.70%
26 55 100,000.00 | 1,200,000.00 25 17.24% 6.62% 15.39% 27.73%
27 57 135,000.00 | 1,620,000.00 25 17.94% 6.62% 16.91% 33.59%
28 58 95,000.00 | 1,140,000.00 27 18.27% 6.62% 17.72% 38.58%
29 59 55,000.00 660,000.00 9 18.58% 6.62% 18.58% 26.55%
30 59 120,000.00 | 1,440,000.00 32 18.58% 6.62% 18.58% 46.90%
SIMPLE
AVERAGE 57.17 17.98% 6.62% 17.10% 32.51%
WEIGHTED
AVERAGE 57.17 17.66% 6.62% 17.00% 33.34%
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APPENDIX IV: ACTUARIAL LIABILITIES

CURRENT|  CURRENT| _ PAST
MONTHLY| ANNUALISED| SERVICE

COUNT |AGE SALARY SALARY| YEARS AL paw ALy Alpyy Alcum
1 20 15,000.00 | _ 180,000.00 0 : : : :

2 20 20,000.00 | 240,000.00 1 7.045.13 7.045.13 704513 1,000.73
3 23 20,000.00 | 240,000.00 2 16,200.53 42,073.68 16,200.53 2,663.94
2 24 25,000.00 | __300,000.00 1 10,607.49 53,827.14 10,607.49 1,831.46
5 26 45,000.00 | 540,000.00 3 62,865.62 179,873.84 62,865.62 11,966.77
5 26 25,000.00 | __300,000.00 3 34,925.34 99,929.91 34,925.34 6,648.21
7 31 30,000.00 | 360,000.00 5 88,142.95 230,168.97 88,142.95 21,414.01
8 33 30,000.00 | 360,000.00 7 135,432.35 301,675.37 | 135,432.35 36,275.33
9 35 55,000.00 | 660,000.00 7 272,502.58 619,073.59 | 272,502.58 80,470.77
10 35 65,000.00 | 780,000.00 7 322,048.50 731,632.43 | 322,048.50 95,101.81
11 35 35,000.00 | 420,000.00 2 99,091.85 319,637.04 99,091.85 29,262.10
2 39 55,000.00 | 660,000.00 5 234,453.18 652,723.20 | 234,453.18 84,155.18
3 20 70,000.00 | 840,000.00 3 187,562.54 738,431.83 | 187,562.54 70,690.35
4 22 15,000.00 | _ 180,000.00 9 132,332.75 256,861.39 | 132,332.75 54,986.99
15 22 45,000.00 | 540,000.00 7 529,331.02 902,916.94 | 529,331.02 219,947.97
16 24 90,000.00 | 1,080,000.00 11| 1,065,063.62 | 1,837,193.48 | 1,065,063.62 487,917.92
17 27 95,000.00 | 1,140,000.00 14| 1,645137.32 | 2,464,615.45 | 1,645,137.32 872,451.45
18 29 80,000.00 | _ 960,000.00 16| 1,737,669.81 | 2,405,820.09 | 1,737,669.81 | 1,015,979.55
19 29 65,000.00 | 780,000.00 13| 1,147,13359 | 1,690,005.69 | 1,147,133.59 670,705.25
20 50 70,000.00 | 840,000.00 23| 2,289,741.99 | 2,857,162.57 | 2,289,741.99 | _1,405,702.95
21 50 35,000.00 | 420,000.00 24| 1,194,647.99 | 1,478,358.28 | 1,194,647.99 733,410.24
22 50 65,000.00 | 780,000.00 19| 1,756,416.99 | 2,283,307.53 | 1,756,416.99 | 1,078,287.67
23 52 75,000.00 | __900,000.00 20| 2,341,308.83 | 2,893,706.98 | 2,341,308.83 | 1,584,689.98
24 54 50,000.00 | __600,000.00 10 856,533.24 | 1,168,861.66 | _ 856,533.24 639,158.29
25 55 105,000.00 | 1,260,000.00 15| 2.826,559.60 | 3,406,890.95 | 2.826,559.60 | 2.214,683.48
26 55 100,000.00 | 1,200,000.00 25| 4,486,602.68 | 5,039,299.12 | 4,486,602.68 | 3,515,370.60
27 57 135,000.00 | 1,620,000.00 25| 6,647,497.08| 7,150,702.27 | 6,647,497.03 | 5,742,357.87
28 58 95,000.00 | 1,140,000.00 27| 5,292,673.83| 5542,597.17 | 5,292,673.83 | 4,800,611.18
29 59 55,000.00 | 660,000.00 9| 1,070,030.97 | 1,146,549.51 | 1,070,030.97 | 1,019,077.11
30 59 120,000.00 | 1,440,000.00 32| 8,300,846.28 | 8,467,795.83 | 8,300,846.28 | 7,905,567.89

TOTAL ACTUARIAL LIABILITIES

44,790,405.68

54,968,737.04

44,790,405.68

34,402,387.03
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APPENDIX V: SCRaam / SCRcum RATIO

AGE, PAST SC
SERVICE SCIaAM %UM RATIO
20,0 6.62% 0.45% 0.07
20,1 6.62% 0.47% 0.07
23,2 7.25% 0.65% 0.09
24,1 7.47% 0.69% 0.09
26,3 7.92% 0.91% 0.11
26,3 7.92% 0.91% 0.11
31,5 9.17% 1.58% 0.17
33,7 9.71% 2.06% 0.21
35,7 10.29% 2.50% 0.24
35,7 10.29% 2.50% 0.24
35,4 10.29% 2.23% 0.22
39,5 11.51% 3.40% 0.29
40,3 11.84% 3.45% 0.29
42,9 12.51% 5.22% 0.42
42,12 12.51% 5.74% 0.46
4411 13.20% 6.74% 0.51
47,14 14.29% 9.81% 0.69
49,16 15.03% 12.56% 0.84
4913 15.03% 11.54% 0.77
50,23 15.40% 16.43% 1.07
50,24 15.40% 16.81% 1.09
50,19 15.40% 14.94% 0.97
52,20 16.15% 18.54% 1.15
54,10 16.88% 16.98% 1.01
55,15 17.24% 21.70% 1.26
55,25 17.24% 27.73% 1.61
57,25 17.94% 33.59% 1.87
58,27 18.27% 38.58% 211
59,9 18.58% 26.55% 1.43
59,32 18.58% 46.90% 2.52
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