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(Fund Solvency)
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(normal  retirement  age)
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(HM Customs and Excise officers)
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1762 'Equitable Life Assurance Society'

(endowment - assurance pension schemes)

7) Averting the Old Age Crisis(1994; p 165 167) & Pension Schemes And
Pension Funds in the United Kingdom(1995; Ch. 2)
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(friendly society) . ,

Otto von
Bismarck (1815 1899) 1889 (social
insurance scheme)
1) - (state pension scheme)
10) : "Averting the Old Age Crisis (1994; p 102-104) &

“Pension Schemes and Pension Funds in the United Kingdom (1995; p 6-8)".

11) Bismarck Workman's  Compensation

Bill(1881) (
): “anyone with the prospect of a pension in old age or infirmity is happier,
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(Public Pension Schemes) 12

(contributory pension

benefits)

¢ ?

more content with his lot and more tractable ... the chief cause if anxiety among
artisans is uncertainty as to their future. Remove that and we shall remove their
hatreds, and avert more serious troubles".

12) (Welfare State) (Social Security
System) .
(; : ) (.,
) (contributory social benefits) (Social
Insurance Schemes)
(income or means test) (non-contributory
social benefits) (Social Assistance Schemes) (
6.25
) :
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(Private Pension Schemes)

(personal

pension schemes),
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13),

13) (mandatory occupational pension schemes)
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1) (Personal Pension Schemes) 14)
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15) ( , , )

14) 988 1 1
: 1994 6 20
/ (life annuity)
( )
).
15) Willian & Field(1993)
(pension  providers) (Insurance  company,
83.0%), (Bank, 6.7%), (Unit trust, 4.6%), (Building society, 4.5%),
(Friendly society, 1.2%).

34% (fashionable pension

schemes)
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(turnover rate)
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fund) (provident
fund)
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/

(maobile employees)
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(portability & flexibility) 16),

16) Casey(1993) , 100
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VI & VII
- ( ) (Funded Pension Schemes)
()
1),
1) ( ) (Fully Funded Pension Schemes):
), (
)
( )
100%
(
17) 35 John F. Kennedy

“The time to repair the roof is when the sun is shinning"
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( 2.2)
(1998, 2, 21)
, () 70% - 55% ()
’ ( 9% 2010
5 ) (iii) 60
2013 61 , 2018 62 , .. 2033 65 5 1
) (iv) 1998
& (V)
2) ( ) (Partially Funded Pension Schemes
or Partially Unfunded Pension Schemes):
( )
(. ) (.
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( 2.3) 2

(social insurance) ( .

( ) (Unfunded Pension Schemes or

Pay-As-You-Go Schemes)

[t 1 =1t 1,
(Pay-As-You-Go
M ethod) § 6.2 ).
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1:1

(24

(earnings-related pension scheme)

(
).
(level or
flat pension benefits) (basic pension schemes)
(1949) (2957), (1960), (1961),
(1966), (1966)

(population growth)
(real wage growth)

18)

18) P. Samuelson  Newsweek (1967. 2. 13)

“The beauty of socia insurance is that it is actuarially unsound. Everyone who
reaches retirement age is given benefit privileges that far exceed anything he has
paid in. ... How is this possible? It stems from the fact that the national product is
growing a compound interest and can be expected to do so for as far ahead as the

- 20 -



( 25)

(book reserve schemes) .,

(B/S)

(internally funded schemes) -

eye cannot see. Always there are more youths than old folks in a growing
population. More important, with real incomes growing at some three percent a year,
the taxable base upon which benefits rest in any period are much greater than the
taxes paid historically by the generation now retired. ... A growing nation is the

greatest Ponzi game ever contrived ..". ( ; ‘Ponzi game"
Chales Ponzi(188? 1949) 1931
( )
)
Ponzi game
game 8§21
¢ Ponzi (Ponzi

Scheme on the way to bankruptcy)’
¢ Ponzi ’
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60%
( )

(insolvency insurance)

(insolvency premium)
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(Contracted-In Pension Schemes)

(Contracted-Out Pension Schemes)
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1) 19)

, ( ,827
)
‘Occupational Pensions Regulatory Authority’ 20)

(contracting- out certificate) ,

Ll ( Ll
19) Beveridge Report(1942) “Social Insurance and
Allied Service” (i.e. social benefits should be
sufficient without further resources to provide the minimum income needed for
subsistence in all normal case) National Insurance Act(1946)

(basic state pension scheme) 1948 :
(state earnings-related
pension scheme; SERPS) Social Security Pensions Act(1975)
1978 4 6 1978 4 6
. 1 1979
(Government Actuary's 1979 Survey of Occupational Pensions in the United
Kingdom) 90%
SERPS
SGRPS(state graduated retirement pension scheme; 1964. 4 1975.
4 ) , SGRPS National Insurance
1959 SGRPS
SGRPS
(i.e. ‘'no employees who was a member of
a contracted-out scheme could be be in a less favourable pension position than if he
had been in the state scheme at the maximum rate’).

20) Pensions Act 1995 Occupational Pensions Board 1997 3
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SERPS

(quantity test): Pension Act 1993

1997 4 (Reference Scheme) 21)

(quality test):

(retail price

(Standard Solvency Certificate

( 3%
index) ) , ,
50%
(s
(solvency test):
or Certificate A) 22),
, 23)
21) (Guaranteed Minimum Pension; GMP)
22) 1973

"Social Security Pensions Act 1975"

23) ( SERPS
)

(old self-employed retirement annuity contracts)
1986 Security Act 1988 7 1 , ,

- 25 -

‘1986



Social Security Act’

(Appropriate Personal

Pension schemes; APPS)
‘Occupational  Pensions  Regulatory  Authority’
(appropriate scheme certificate)
( , SERPS APPS
): (eligibility test):
(guaranteed minimum contribution test):
SERPS (
(minimum- contribution) [
(contracted- out rebate)] + [ (%)
(government incentive)] )
(protected rights fund) ‘ (protected
rights pension) - SERPS
(G
, 3% (retail price
§ 27
Money Purchase Schemes
, 17 74 50 75
25%

(single-life or joint-life pension annuities)

- 2 -



index) ).

, (8 27 )
‘1986 Social Security Act’
‘Occupational Pensions Regulatory Authority’

(appropriate scheme certificate)

’

SERPS
) SERPS

, (state pension scheme)

(private pension scheme) ,

24) .

24)
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2) ( ) ®)

1960
26)
27)
SERPS -
, 1985 (Norman Fowler) (Reform of Social Security -
Programme for Change) SERPS
, , SERPS
(compulsory private-insurance schemes)
25) )
1942 : 1944
- ( ) )
) 50%
5 )
( ‘ ’ )
1961 - ( : : )
(. + )
1985
(. +
)
26) 1960 ‘
(1961) ,
27) 44%
« (1968; p 141), ).
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( ) 1961 11

) 1959

1962 ‘ ’

159

1965 40%

1966 ‘ 2 3 2
" ( ) , 1966 10
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) - :
( 7 ’
) :
500 ( 500 ,
800 , 3000 );
)
[ + ]
) SERPS
( 1 ) ’
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(members) (sponsors)

(Contributory Pension Schemes)

1) (Balance of Cost Schemes)
% (

p%) (open ended
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liability)
, t S(t) ,
C(t) ot ] =5S@t) x p% |
] =C(t) - S{t) x p%, 0 < p < 100.

¢ 7, ‘07 ¢ ? ¢ ? t
t+1
2) (Fixed Portion Schemes)
%

)t C() ;]

1 =Ct) x y% & | ] =Ct) x (100-y)%, 0 <
y < 100.
( , S(t)x 3.0%

S(t)x 3.0% S(t)x 3.0%
).

(Non-contributory Pension Schemes)
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(. (social assistance)

(Approved/Qualified Pension Schemes)
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27)
159

28):

28)
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(2.8)

(1985: 8.3% _ 1989: 87% _ 1993: 15.8%)
(1983: 12.3% -
1989: 138 _ 1993: 17.2) 20)

(Unapproved/Unqualified Pension Schemes)

29)
2 (1993, p58)
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(Open Pension Schemes)

Ponzi

(Closed Pension Schemes)
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24)



(free standing additional voluntary contribution schemes) ,

(Defined Contribution Pension Schemes;

DC)
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(. (provident fund)

)

’ 100%

(
, (moral risk) ).
(Group Personal Pension Schemes)
(Portability) (
)
(Managed

Common Pool)
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(Defined Benefit Pension Schemes; DB)

(
(open- ended liability, 100%
),
)
, (contribution stability)
, (benefit security)
(fund solvency)
( - )
) ( :

(pooled fund)
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(Career Average

Pension Schemes) .,

= X X

(Revalued Career Average Pension Schemes) .

(Final
Pensionable Earnings) (Final Salary Pension
Schemes) .,
= X X
( ; veo 2.0%)
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70% 80%

( 21) & ( 22)

- 4] -

(Target pension).



(DB) (DC)
(
)
) = ),
100% 100%
(Pooled fund) (provident fund)

2.1)

- 42 -




(DB), (DC)

(stability) DC DC
DC DC
DC DC
(simplicity) DC DC
DC DC
DB DB
DB DB
DB DC
DB DB
( ) DB DB
« ) DB (DC) DC (DB)
22) .
(Hybrid Pension Schemes)
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29) (Cash Balance)
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30):

(actuarial services):

(legal services):

( ) )

(investment services):

(administration services):

’

)

(Group Contract Schemes)

(pension providers)

30)
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(group insured pension contracts)

(Self Administrated Schemes)

(monitoring system)
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(Centralized Schemes)

(Portability)

(industry-wide pension schemes)
- ’ ( ; 1988
British Clothing Industry Association's Pension

Scheme & Engineering Industry Pension Scheme).

31),

(  2.10)

3]
(industry-wide schemes) (financing
on pay-as-you-go pension schemes)
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, (separate

separate account) 32) ,

( , 1 6 *
)' L]
32) (separate account)
(separate separate account) (pooled separate account)
1 ( )
) (
).
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9. 33)

(life- cycle) ,
2 M S
1]
S k
] i o
( 2.1): (Life- Cycle)
, (membership progress)

33) Sung(1997; p 60 68). "Dynamic programming approaches to pension
funding”, Ph. D. Thesis, The City Univ. London.
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(product life-cycle) . , Harvey (1991; section

13.3) , - (innovation stage),
(growth stage), (maturity stage) (saturation &
decline stage) - ,
( 2.1)
, [
1 >> [ ] [( + ) ] >> [
] 7 (
).
, /
[ 1z [ ] [( + )
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(
).
[
1 I + ) ] <<
(
t
).
(Stable Membership)
(Stationary Membership)
(discrete-time space) (-

).
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t A ¥

, Y = a, atl,

y

1 (radix) 1a 0 a
t
(t, t+1)
(stable)
t={0,12,...} ye<{a, atl, a+2,...}
« . )- f()
( ,t+a-y=2) la (radix)
f(0) =1 f(z+1) = (1Hm.+)- f(2)
im:«1 (L, t+1) f(.) y
% , imza = [f(z+1) - f(2)] 1 f(2).
Prob[1+im.-:>0, Zz] =1
, z (1+imz+1) = exp(a z+1)
A z+1 . ’

- 52 -



exp(a -+ z-1t+...+0 1)
fiz) ={ 1
exp(a :+d -1+, +0 -1)
) t a
t y
f(t+a-y)
, t f(2)
a , T(z) = exp(a z)
f(z+1) = exp(a ) f(z)
o, a<y<o) , t
o) ,

N(; o, a<y<o)

[ee]

4 ly- f(t+a-y)

a

<

eut_ [ yza eu (a»y)_ Iy] &

M, a,a <y < o)

= Za ly- - f(t+ta-y) = e
=(1-€): N({;a,a<y < o)

if z>1
if z=0
if z < -1
la- f(t) ( z=t)
y = a, atl, at2, .. ly-
( z, 0.=0)
f(0) =1
Lt N (t;

M(t; o, a<y<

DI

o (t+1)

+ e

- a,
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,Qyz(ly'lyﬂ)/ly (1 Yy )

N{; a,a<y < o) & M{,a,a <y < )

’

a>0 t
a
t a
a<o0 ‘a >0 ,
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(Young Pension

(@< 0 )
0 a<0
1ca - ov
Schemes)
, ca > ov
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(Mature Pension Schemes)

g =0' (stationary member ship)

(cash injection)

(Declining Pension Schemes)
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1. (Pension Professionals)

(pension professionals)

1. (Trustees)

(best
interests of the scheme's members)
« )
, ( )
(trust deed
& rules) (prudently), (conscientiously),

(honestly),
(fiduciary duty)

’
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(pension scheme trust)

(Administrator)

(Pension Providers)

§ 28

- B9 -

day-to- day

(friendly societies)

(unit trust)

(national motality



table)  85%

, 1990 4

85%
A ,
(annuity certain type)
, / (whole life
annuity)
(money purchase schemes)
4. (Pension Actuary)
34), (actuarial
assumptions) , (
34) , 3 6
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(PSL)

) ( :

(separate  separate

account) (pooled separate account)

) (

(transfer  values)

( 3.1) ‘Equitable Life Assurance
Society’ ( ) ( , 1762

).
( , Association of Consulting Actuaries ( ), Pension
Management Institute ( ) & American Society of Pension

Actuaries ( ) )

5. (Auditor)
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6. (Investment & Fund

M anager)

(default risk), (
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(Pension Consultant)

(Insurance Broker)
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(Legal Advisor)

(Actuarial Valuation)

(Pension Fund Valuation Date) (

- 64 -
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- (actuarial

statement)
(audited accounts)
(Members) ’
(
) 35). ,
‘ (Funding Ratio) ‘ (Solvency
Ratio)’ )
35) 3 6
(Standard Solvency Certificate or simply Certificate A)’
(Institute & Faculty of Actuaries) (Year Books)

(Summary Plan Descriptions; SPDs)
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(Actuarial Assumptions) ,

( ) ( ; 100%)

(Reasonableness)

(Objectivity), (Prudence) (Optimality)

(Solvency Test)
( )

(Recommended Contribution)
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[ (Sponsoring Employer)
(Business Cycle)]

(Conceptual Framework)

(feed back)
« )
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(Summary Flow-Chart of Actuarial Valuation)
- —»
(Optimal Contribution) (Optimal Investment Strategy)
1 1
(Funding Methods):
) (Asset Management):
(Static)
47
- (Liability Management):
) ( ’ )
( )
. (ALM)
(Dynamic)
1 1
& :
(Security) & (Stability) ; -
(Solvency Risk) & (Contribution Rate Risk)
1 [ ] 1
(Funding Ratio) or (Solvency Ratio) ‘¢
i) [ (Solvency Test)] i)
(Asset Valuation): (Liability Valuation):
o -«
1 1
(Actuarial Assumptions):
(; , ) l
. : )
t
(Valuation Basis): <
1
(Legal Framework for Establishing Occupational Pension Schemes) :
(Trust Deed & Rules)
. *y
(Pension Scheme Trust)
(Pension Professionals)




3. (Actuarial Assumptions)

(Cash-flow)
(Cash-inflow)
(Cash- outflow)
(Salary Increases), (Price Inflation)
(Mortality), (Retirement), (Withdrawal)

(Stochastic Time Series)

, (Projection)

(Economic &

Demographic factors) ,

(Best
Estimates) -

(Optimal Estimastes) ‘ ,

(Actuarial or Valuation Assumptions)”

’
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(money

purchase pension schemes) . ,

- Thornton &
Wilson(1992)  Fujiki(1994).

1) Thornton & Wilson(1992)

(Realistic Actuarial Assumptions)

, (Best/Robust Estimate of
Actual Experience) (Best Estimate Basis)
( )
(Safety
Margin)

- 70 -



/

est 0 0 X%
(Best) 50% / 50% %
(Prudent) 60% / 40% (x-1Y2)%
(Cautious) 70% / 30% (x-1)%
( 42):

(Projected Values)

“

(Nobody knows the future)"

Vi

(Security of the
Past- Service Bengfits)

(Conservative /Pessimistic View)

( , :
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(Optimistic View) ).

2) Fujiki(1994)

(Surplus) (Deficit)

(Long-term Averaging
of Past Experience)

(Delaying of Changes in the Actuarial Valuation)

100 (100 Years'

Projection Results) ( 43
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(1) (1)
(Pattern of Experience in {l:}) ( = ")
(Unchanged Experience|(
characterized by Constant Function): /
t {0, 1, .., 100},
l. = constant > °lo (ie °l =1, t=0)
l. = constant = °lo (ie i ="L)
l. = constant < °lo (ie °l =1, t=0)
(One Permanent
Change in Experience characterized by
Step Function): t {0, 1, .., 100},
lo =°lc & |1 = constant > °I )
el =1[3 L]/ (t+1))
(Gradual Change in|( )

Experience  characterized by
Function): t {0, 1, ..., 100},

Ramp

k="l +a-t (a>0) e’ =1[3 L]/ (t+1))
(Cyclical Change in|(
Experience, i.e. Sine Function): (T rade- off) )
Il =%l + B - Sin-function, (B >0) @ie’l ="l)
( 43):
Thornton & Wilson(1992)
Fujiki(1994)

(Pattern of Past Experience)




Vi

(Pension Fund Valuation Date)

- 74 -



. Haberman (1994)
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36)

36)
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37)

37) 35 5 35
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4. (Valuation Basis)

(benefit  security)

(contribution stability)

’

(Asset & Liability Valuation Methods)
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( 3& 4

(Business Cycle)

Basis)

( )

(Financing Burden)

- 80 -

(Actuarial Valuation



(Security)

1) (Going-Concern Valuation Basis)

(Best Estimate of the
Scheme's Liability)

(Pace of Funding) ) -
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(Optimistic Valuation Approach)

( : ,
)
( :
) (Law of Large Numbers)
(Equivalence Principle)
2) (Discontinuance Valuation Basis)
) (Winding-Up or Liquidation Valuation Basis):
( , )
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(Valuation Date)

(Snapshot Valuation Approach)

(Stability)
(Security)
(Mismatching Prablem)
Thornton & Wilson(1992)
120%
3.1

, Callins(1992)
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) (Run-Off Valuation Basis)

( ;5 ,10 )

(T rade- off)

(Estimated

Mismatching problem) - ALM

-84 -



(44

(Going- concern) (Winding- Up) (Run- Off)
(s) S - ® s >0 0< s <m
(
(ee) vs.
() ee << er ee >> er ee> er
44) .

(A sset Valuation Methods)

(Discounted Cash Flow Method)

- 85 -




(randomness)

(two-dimensional stochastic process)

{ic )}

{(

- 86 -

)}



, (run- off)

(consistency)

(variability)

(Market value Method)

, ( (going- concern),

(run- off), (winding-up) )
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(Book Value Method)

, (business cycle)

’

( ) (symmetry)
, (run- off) (winding-up)

(going- concern)

(.
/ ) (adjusted
book value method)
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6. (Liability Valuation Methods)

(actuarial liability)
(net premium reserve)

§ 65 ).

(Accrued Benefit Methods)
Actuarial Liability)

(Projected Actuarial Liability)

- 90 -

(Accrued

(Projected Benefit Methods)



(Going- concern valuation basis) ,

(Solvency Liability)
(Winding-Up Valuation Basis)
(Run- Off Valuation Basis)

Vi

7. (Security Measures)

(security measure)

function)

’

- 91 -

(real-valued



Vi

(Funding Ratio/Level)

(., )

(time-indexed real-valued function)

- 92 -



(Solvency Ratio or Level)

1973 1
, 1973 1974
. 38)
(solvency) ,

38)
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Daykin et al.(1987) “... it may be true to say
that a company is solvent if the supervisor says that it satisfies his

requirements. Solvency in this sense is perhaps best described as

meeting the statutory solvency requirements .. ".

(solvency valuation)

(
) :
{ (solvency ratio)}
_ (fund level for solvency valuation)
B (liability level for solvency valuation)
(statutory  minimum
solvency ratio) 100% . ,
> 100%’ ‘ ’ (solvent scheme);
< 100%’ ‘ ’ (insolvent scheme)
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(Unfunded Liability)

(ratio-type measures) ,

’

(difference-type measures)

(time-index real value function)

(funding unfunded liability); ( )
(statutory unfunded liability);

(winding-up unfunded liability).

§ 65

- 05 -



(deficiency

or deficit) (surplus) 39),
39) 3
Wilkie(1986)
, “surplus has to be measured in relation to some funding target.".
‘funding target’ , 3

- 96 -



: (ALM)

(Risks in connection with Funding

Plan)

- 97 -



(Risk) (M easures) (Variance)

(Standard Deviation)

’

Dorf (1992) : Uncertainties embodied in
the idea of unintended consequences of the design;

Williams & Heins(1981) : Variation in
the outcomes that could occur over a specified period in a given
situation;

Houston (1964) . A function of the
variation in the pure premium distribution .. and may be
defined by the standard error of the mean of the pure premium
distribution;

Sung(1997) . Objective volatility
measured by the gap between the actually realized results and
the designed potential (or most likely expected) results,
encountered by the unfavourable or unanticipated (economic
and/or demographic) experience.

‘objective volatility ' ( )

- 98 -



(Sample Variance Under Certainty)

(Stochastic Variance Under Uncertainty)

o (Unsystematic/ Diversifiable Risk):

(A sset- Allocation)
(Security - Selection)

(Efficient Frontier)

o (Systematic/ Non- diversifiable Risk):

(Global-Market Portfalio)

Haberman (1997)
Sung(1997)
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(Contribution Risk)

(Fund)

(Stability of Cash-flows in Contributions)

(Risk under Certainty, i.e. Deterministic Case)
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{It

[s, T]

T

(s<T < o)

. ;S (t

: LT(t

(Risk

under Uncertainty,

1-1t

(s<T <o)

Square Loss Function

- 101 -

)dt

ie.

)dt

- (5.0)

Stochastic Case)

---(52)

5.1)



( 52

} ol ] = Var{ 13

(53

(Defined Contribution Schemes)
51 & ( 52

] =o.

4. (Solvency Risk)

v , (Solvency)

(Statutory Solvency Requirement)

(Investment Risk): 3
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(

(Asset Value Risk) --

;1987

(Asset Income Risk) --

(Matching Risk) --

(Non-investment Risk):

(Liability Risk) - -

(Regulatory or Tax

- 108 -

(ie.

(M&A)

Risk) - -



o (Sponsoring- Employer Risk) - -

’ ’

(M&A)
M&A
(Closed
Scheme) (
), M&A
(T ransportability)
(Winding-Up)
o (Management Risk) - - (
) (
)

(Administrator of Pension Funds)
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(Statutory Solvency Requirements)

v

(Solvency Ratio;SR)

(%) = [ + ] x 100(%)

(Statutory Solvency Ratio) = x%

X% = 100% 100% (Full
Funding)
(Statutory Solvency Control Band) = [x1%,
X2%0]
(x%)

, X% [X1%), X2%]

(Xl%,
90%) (X2%, 105%)
X2%

X2%

X2%
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(Excessive Solvency)

C )
(Casel) ° < X%
, (Cash- Injection) N1
X1%
N1 R+ = (0, »)
(Case?) * [x1%, x%]
, (Cash-Injection)
N2 X%
n: R+, n: < n2
(Case3d) * > X2 %

’

( ; Junk Bond)

(Contribution Halidays)
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N3

X2%
( , )
Ns R+, n2 Ns
Sh:
toadzmRmmay
% t ________________________________________ SH| a8
} FEX 77
X M5
HEY FnEd Y
A 85| 51
Y HESAEE A
>
t
( 5.1): 40)
5.4) ( )
40) 3 Goode (1993)
105%, x = 100%, x: = 90% 1997 4

X2 =

- 107 -



100%
Funding Requirements)

( 55) (Control Period)

(56

(iv)

- 108 -

N3

N1, N2

(Minimum



(Risk under Certainty, i.e. Deterministic Case)

t
={It 1 - It
¥
[s, T] (s<T < )
= . tis (t )
- : LT(t )t - (53)
(Risk under Uncertainty, i.e. Stochastic Case)
t
= EA{[t -1t
¥
[s, T] (s<T <)
= . tis (t )
- [ ) - (54)
57) ( 53)& ( 54
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(  58)

(59

High Return”

[(

] = Var{

( 53) & (
1 =1t

51 ( 54)

( 51 & (
] = E{

- 110 -

5.2)

t,

}
(BIS)
“High Risk
[t
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V1.

(Cash-flows)

i )
VIl
0
,{Ct):t =0, 1, 2, ..}
(. )
= 0, 1 2 .} (Pension Fund)
(Cash-inflows),
, {B@):t =0, 1, 2},
, {Et): t =0, 1, 2, .}
(Cash- outflows)
(Net Cash-flows)
, {F@t):t =0, 1, 2, ..}, . F(0)
(Seed Capital)

(Block Diagram)

- 112 -

1) t



{iv - -  {B(t)}
Inflows (Pension Fund) Outflows
{cvr - {F(t)} - {E@)}
( 6.1): (cash-flow structure))
« - )
{Ct)}
“ (Actuarial Cost
M ethods)” .

(Pay-As-You-Go Plan) (Funding Plan)

( s
) - § 65
( )
, ( 6.1)
{Ct)}
F(0)>0 ( ,F0O)=0 )
t {0, 1,2 .}, It) +Ct) = B(t) +E®t) ( , =
) ---(6.1)
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It) =i - FO), it [t-1, t)

( 1(0) = 0).
(6.2)
E()
( ) : ( )
E()
t {0, 1, 2, ..}, I(t) + C(t) = B(t) ---(6.2)
(6.2)
(Accrued Pension Bengfits)
F(0)
I (
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(1(t)+C(t))
B(t)

“F(0) = 0 ( 62 It) =0
CYF(0) > O
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( )
(Individual Pot) (Individual Retirement
A ccount) ( ; = X
).
100% . (Pension Actuary)
, §6.1
(Benefit Formula)
(eg ’ ] ( ] y y )
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(Stochastic Time Series)

(Actuarial

Valuation Process) )

(%)
(Non- Contributory Schemes)
(M ember ship)
( )
(Final Salary Pension Arrangement)

(Life Annuity) )
=  h( , Accrual Rate)x

(Number of Years of Membership)x

(Earnings averaged over the fixed years before Retirement).

- 117 -



(Security)

(i.e. Benefit Security or

Solvency). ,

(M&A)
(Solvency)

(Solvency Margin)

(Minimum Funding Requirement)

(Minimum Solvency Requirement)

(Passive Portfolio Management; eg.

) (Conservative Actuarial Assumptions)

’

- 118 -

Fund



(Stability)

(Long-Term Cash-Flows) ,

(i.e. Contribution Stability). ,

X %)

(Smoothness in Contributions)

(.
1988 1992: 3%; 1993 1997:
6%; 1998 2010: 9%; 2010 5 )s
(G 70% 55% )
(State Pensionable Age) « , 60 2033
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65 )

(Durability)
(
)
(Closed Scheme to new
entrants)
(i.e. Closed Group)
(M&A)
( ; M&A
M&A
).
(Liquidity)
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(capitalization)

(Market Liquidity,

( ; IMF )

(Asset Allocation Problem)

M&A (.
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(Actuarial

A ssumptions) (Actual Experience)

’

(Dynamic Mechanism)

(ALM)

(Statistical Approach)
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(Equivalence Principle)

- 123 -



{ (PVB(t); present value of
benefits to be paid)}

= { ( , F(t); value of assets
held at time t)}

+{ (PVFC(t); present value of

future contributions)}

, (timing and
amount of assets and liabilities)

¢ ?

(Assumed Valuation Interest Rate or
Rates) . v

’

(., :
: ) { (
)}

(Law of Large Numbers)

(Probability T heory)
P.S. Laplace 1812 “ (T heorie
analytique des probabilities)” 17
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( )
( )
____________________ < >
X1, X2, o, X
M (M <)
1)
(.
).
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Poadl

(Nomenclature)

(Defined Benefit Formula)

(
) (
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t; NC())

P??)

(Projections) ( ,
)

§ 43

(Standard Contribution or Normal Cost at time

(Net Premium)

(Cost of Future Benefit Accrual)

“ ”

(Best estimate Cost)

- 127 -



(Recommended
Contribution at time t; C(t)) (T heoretical Target)
, 1, NC(t) = C(t)”
NC(t)
C(t)

(Standard
Contribution Formula)
(%) (Percentage- of- Salary M ethod)
NC(t) = ¢% x ( t
(Total Current Pensionable Payroall
a time t; W(t)), o R(1). c% (Standard

Contribution Rate)

( 6.1) ,
(time-varying parameter)

(time-invariant parameter) , , t,c =g . VI

- 128 -



(Standard Fund or Actuarial Liabilty at time t;
AL(t)

(Net Premium Reserve)
t

(Total Benefits earned to time t, i.e. Past Service Benefits

“ ”

computed at time t) ,

(Fund Level accumulated to time t; F(t))

(Going- Concern Valuation Basis)

AL(t) = F(t) F(t)
AL(t)

(Accrued Actuarial Liability):
{

(Past Service Benefits)} + {

} . )

- 129 -



(Projected Actuarial Liability):

{
(Total (i.e. Past and Future) Service Benefits)} + {
- A
} ,
(Projection)
(Pace of Funding) ,
( 7 ) 1
(Future Service Benefits; FSL) }
}

6.2)
‘Accrued Liability'
‘Actuarial Liability'

- 130 -



(Solvency Liability at time t; AL(t))

(Administrator  of

Pension Funds)

(Winding-Up or Run- Off
Valuation Basis)

(Transfer Values) ,

’

, Thorton & Wilson(1992) , SAL(t) = (1+s) x
AL®M) , s = 20%. s t
AL () t
SL (t)
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( (PSL)
) ,
( S )

o l: t {0,142 .} AL(Et) =F(t) & C(t) =NC()
o [ ]: t {0, 1,2 .}, °AL(t) = °F(t) &
*C(t) = °NC(t) ---(6.3)

( 6.3)
(Unfunded (Actuarial) Liabilty at time t;
UL (t))
(Prescribed Valuation Basis)
(
Harvey (1996) ).

- 132 -



(Funding Unfunded Liability at time t;

FUL (t)):
(ie AL(t) SAL (t))
(ie. AF())
Trowbridge(1952) (going- concern valuation basis)
41
. (“
i Trowbridge(1952)
) :
, t {0, 1,2 ..}
FUL@) =f ( , , , S at time t)
= AL(t) - AF() (if st = 0); SAL(t) - AF() (f s« > 0)
---(64.1)
FUL{) < O (Over-Funded)
(Funding Surplus)
41) Trowbridge(1952) . “The portion of the accrued

liability not offset by assets is called the unfunded accrued liability."

- 1338 -



FUL() = O
FUL(t) > 0
, FUL

(Past Service Surplus)

(Fully - Funded)

(Under-Funded)
(Funding Deficit)

(Past Service Deficit)

jim IZEIO{FUL(t)/(l+k)} .0

FUL

, )
(buffer)
(640
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FUL

‘s=0’

, AF , F

“UL(t) = FUL(t) = AL(t) -
AF@{) = AL() - F(t)

( ) (Statutory  Unfunded
Liability at time t; SUL(t)):

, t &
(Statutory Set of Valuation Assumptions for Asset & Liability)

(i.e. SF(t)) (ie. SL())
(Statutory Funding
Level; a %) )
, t {0, 1,2 ..}
SUL({t) = f ( & , o %; at time t)
= (1 +0 %) x SL(t) - SF(t) ---(64.2)
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SUL(t) <0
(Statutory Surplus)

a %x SL(t) £ SUL@) < 0
SUL(t) = a %x SL(t)

SUL () > a %x SL(t)

(Statutory Deficit)

642) o %

(capital gain tax)

(Winding- Up Unfunded Liability at time t;
WUL (t)):

(ie. WFE(t)) (ie. WL (1))

- 136 -



t {0, 1,2, ..},

WUL((t) = f ( & ; at time t)
= WL(t) - WF(t) ---(643)
WUL({t) < O

(Winding-Up Surplus)

’

) (Profit)
WUL(t) =0
WUL(t) > 0
(Winding-Up Deficit)
, (Loss)

(Actions against Surplus or Deficit)

Option

- 137 -



( :3 10,20, 40 )

’

Dufresne(1986, 1988) & Haberman(1992, 1993, 1994)

, FUL

Holiday)

- 138 -

SUL

(Contribution



(Cash- Injection)

(ie. )

§ 66

(Funding Mechanism)

(Recommended Contribution at time ft;

C(®)
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(AL (1))
(F ()
( )
100%  ( ) AL({t) F()

(Adjustment to NC(t); AD(t))

C(t)
C(t) = NC() + AD(t) ---(65)
NC(t)  AD() § 6.7
(Primary Funding Methods) ( (Methods
of Amortization) ) (Supplementary  Funding

M ethods)

(Special Contribution at time t; SC(t)) 42)

(6.5)

( , PSL PSL),

42)
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( 65)
(Cash-Injection)
(C)')
C(t)' = NC(t) + AD(t) + SC(t) ---(66)
( 65)
NC(t) AD(t)
(Indigenous Variable) SC(t)

(Exogenous Variable)

6. (Financing Methods or Actuarial Cost

M ethods)

- 141 -



( )
v ( ), (
),
100% ( )
) ( 6.2
(Timing & Speed of meeting the cost)
)
( 62

(PAYG: ( 62)

(Initial Funding Method; ( 6.2)
( )
(Terminal Funding Method; ( 6.2)
(( 62
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( 6.2 : ; 0

n Fn)
t ([0, n])
- s )
BLIt)
F Y
Fin) i=aLin)} 2FH =g
{Fully= Funded)
|
0. - >
S RpekA (PAYG)
( 62)
(
)
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1) (Pay-As-You-Go or PAYG Method)

(Accumulated Fund)

8 6.7.
hoA t } = { t
}.
(Notional Fund for Liquidity)
“ (Continued Solvency)” “
Goodwill)”

- 144 -

t {0, 1, 2,

(Continued



(i.e. National tax-financed pension scheme).

1988
3 ot {0, 1, 2, ..},
[ (Support Ratio)]: =
t (people of working age at time t) 43)
t (people of pension age at time t)

43) ¢ ’
(Old-Age Dependency Ratio)
(Old-Age Dependency Ratio)]: = [ I

- 145 -



90 : 1 (1990 );
67 : 1 (2000 ); 37 : 1 (2020 ); 22 : 1 (2040 ).

Sung(1997)
, t {0, 1,2 .}
[ (Member Support Ratio)]: =
t (state pension contributors at time t)
t (state pensioners at time t)
(
)
44) = [15 59 1/ [60 ]
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[ (Finance Support Ratio)]: =

t (average amount o total contributions at time t)
t (average amount o total pensions at time t)
( )
(i) & (iii)
t {0, 1,2 .1},
{ t p={ t }
- t } x| t }
= t px {0t }
e I =1 I ---(66)
[
It -0 [ I - o

(Stationary)
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(State Pension Age, SPA)
( 66)

- 148 -



(Basic Pension) 33%
, (Additional
Pension) 50%

(Partial Funding M ethod)
1935

1940 1 1 (Federal Old-Age and
Survivors Insurance Trust Fund)
1956
8 1 (Federal Disability Insurance Trust
Fund)
(Federal  Old-Age, Survivors, and
Disability Insurance Program, OASDI Program)
1980
1983 1984
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(Adjusted PAYG) -

( )

(1997 OASDI Trustees Report)

CY 1996 OASDI ( ,
) 89.3%,
91% OASDI
(= - ) US$709

(Privatization of State Pensions):

(Private Sector)

(
Savings Account, PSA) )
45) (
45) Jose Pinera(1996)
GDP 10% 26% , 3%

- 150 -

16%,

1981

(Personal

(1993),



(1994), (1994), (1997))46)

’ ’ ’

, 1997 3

‘ (A New Contract for Welfare)’
‘ (Welfare State)
(Welfare to Work)'

2 21 ’

7 (Funding Methods)

7%

46) * (1997; P6)

- 151 -

’

1998

3

1997



o (Primary Funding M ethods)
(Terminal Funding M ethod)
(Advance Funding Methods)
(Initial Funding Method)
L (Regular Contribution Funding M ethods)
o (Supplementary Funding Methods or Methods of
Amortization)

(Spread Method)

(Amortization of Losses M ethod)

( 63):
2
Fujiki(1994)
, “A funding method is a way to set a funding
plan®. funding plan’ PM1(1992) "The

arrangement of the incidence over time of payments with the aim of

meeting the future cost of a given set of benefits"

(Benefit Formula)

(Cost of Future Benefit Accrual)

- 152 -



(i.e. As for a defined benefit pension scheme, a
funding method is a way to design an ideal funding plan for meeting

the expected future cost of running the scheme).

( : )
(NC(t)) (Ct))
(AL(t)) (F(t)
( , AGM )
- ( 6.2) (NC(t), AL(t))
______________________ < > e e e e e e e e e e e e e e m—- -
{ (PVB(t); present value of benefits
to be paid)}
={ (AL (t); Actuarial liability at time t)}
+ { (PVENC(t); present value
of future normal costs)}
AL (t) F(t) PVFENC(t)
PVFC(t) , PVFB(t)
(NC(t), AL(t)) :
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( 6.7)

(Unfunded Basis)

(Primary Funding Methods)

(Terminal Funding M ethod)

Once- For- All Payment

100%

(Funded Basis)



§6.7.

Once- For-All Payment

2) (Initial Funding M ethod)

Once-for-all payment . ,

(Funding Surplus) ) 20 30

§ 6.7.

( 6 -3) “ ” , “ ”

Once-For-All Payment
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3) (Regular Contribution Funding Methods)

(Duration)
(Amount) , (Actuarial

Assumptions with Best Estimates)

o (Entry Age Method; EAM)

o (Attained Age Method; AAM)

o (Projected Unit Method; PUM)
o (Current Unit Method; CUM)

o (Aggregate Method; AGM)

- 156 -



EAM

PUM
AGM RC(t)
(EAM, AAM, PUM & CUM) NC(t)  AL(t)
(NC(t), AL(t))
(active member) (Past Service
Benefits; PSB) (Future Service Benefits; FSB)
PSB 100%
(Accrued Benefit Methods
= {CUM, PUM})
PSB
FSB
(Projected Benefit Methods = {EAM, AAM,
AGM})
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( 64) Marshall & Reeve(1993)

(NC(t), AL(t))
(NC(t), AL({)) (Individual
Funding Methods = {CUM, PUM, EAM})
(NC(t), AL (t)) AAM  RC(t) AGM
(Aggregate Funding Methods = {AAM, AGM})

AGM  (NC(t), AL(t)) RC(t)

RC(t) = (PVFB(t) - “°F(t)) / (PVFS(t) / S(t))
AeR() : AGM
S(t) : t
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PVES(t) : t

(PVFB(t) - "°F()) (PVFS(t) / S(t))
{RC(t)}

(EAM) (

Porteous (1936)

(Single normal entry age; e)

e (Notional member)

(NC(t)) , “NC(t)
FSL(t) CFSL(t))
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NC(t) = °NC(t) x { t }
°NC(t) = °FSL(t) / (PVFS(t) / °S(t))
AL(t) = PVFB(t) - PVFNC(t)
*PVFS(t) : t
°S(t) : t

{NC(t)}
e NC(t) EAM
NC(t)
AL(t) (PSL (1))
"F(t) > PSL(t)"

(Systematic past- service surpluses)

(PUM)

“100%

- 160 -



NC(t) =
(tt+1)
*PVPSL (t+1) / (1+v) - *PVPSL (t)

AL(t) = “PVPSL(t) + 'PVPSL(t)

*PVPSL (t) : t (active members)
PSL

'PVPSL (t) : t (retired and

deferred members) PSL

{NC(t)}

( NC(t) ) -
(Long-term Funding Requirement)”
NC(t) 100%
( ) “ (Short-Term
Security Requirement)* . , PUM

(Mismatching praoblem)
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(Supplementary Funding Methods)

( 2 AD(t)
o (Spread Method; SM)
o (Amortization of Losses Method; LM)
AD(t) SM LM
SM

SMAD(t) = UL(t) / &

( ,15 20 ).
"“MAD(t) = ke - UL(t),0< k < 1

( ) n
Kt Dufresne(1986 &
1988) Haberman(1992 & 1994)
(Gain and

Loss Analysis)
LM
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(Gain and Loss Analysis)

AD(t) = TZ:L(t-j) I &, L) (t-j-1 t-))

(ie. ) (ie.

AD(t)

(Contribution Flexibility)

(Maximum permitable amortization period)

’

(Static Approaches to Pension Funding)

Haberman & Sung(199%4)

(Dynamic Approaches to Pension Funding)
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Part Il

(Actuarial approaches)

1990

(Education Strategy Working Party of Institute of Actuaries)

(projection)
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(

(Statistical approach)

: Markov-chain,

(Numerical approach)
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(Mathematical approach)

)

(commutation functions)
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Black & Scholes

; Gompertz' law)
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VII.

1. 47)

(Actuarial Assumptions)

A) (Demographic Assumptions):

(entry age) = a ( a )

(normal retirement age; NRA) =

(normal pension age; NPA) =r ( )
(model member ship):

(Stationary) (Active members) (Retired

members) ( )

(G la I

(unit time period) 1 )

47)
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(Economic Assumptions):
't =0

(salary growth rate) = f( ,

)i

- (promotional salary scale) = ss(x),a< x < r-1

( a . ss(a)
- (salary inflation rate) = is, (1+s) = €,

- = &

|
(0]

(Valuation interest rate) = iv, (1+iv,) =

Is

ss(a-1) = 1)
>0

>0

iv)> -1
)
(Life Annuity)
(Benefit Formula)
= (Annual Pension) = AP = h(
X
(€) t
(discrete time approach) );
(D) :

(continuous-time approach)

r-1

- 169 -
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(E)

(F) 48)

(G)
2. (Recursion formulae)
8§73 (recursive
equation) ( a=0-B)
éx+1(u ) = (Ix/|x+1) X eu X ( éx(u ) = l) = Nx+1 / Dx+1
48) t a PA (t, a)
PVFB(t, a) AP(t, a) = hx (r-a)x sox € 'x & “¥x

ss(r- 1)/ ss(a),
PVFB(t, a) = PA(t, @)X r-a 8"’
PA(t, a)x €° "% I/lx &)
hx (r-a)x sox € 'x e® ° % *| /% x 5,©)
( °ly = ss(y-1Dx Iy, a< y<r)
= hx (r-a)x sox € ' (q%5" "’

©)

r-a| da
(survival function) ly
(commutation table)

(r-a)

(salary-survival function) °ly

sox € 'x ss(y) ss(a) , y, Sox €'
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[ee]

(& = > € x (k) =N/ D)

=0

- (n-1

n-1 | aul(u) = (|x+n/|x+1) X e ) x aun(u) = (Ix/|x+1) X eu X n a((u)

n-1 .
( &x"' = 20 €% x (Ikw/lk) = (Nx - Nysn) / D
J:

[ee]

" | éX(u) = z e’c‘j X (IX+j/IX) = éx(u) - éx:n(u) = (Ix+n/|x)x eEu "x éx+n(u)
i=n
= Nuon / Dx )
gxm*‘l(u) = (Ix+n/|x+n+1) X eu X (gx:n(u) + l)

n-_1 .
éx:n(u ) / nEx(u) = 20 eu (- X (Ix+j/|x+n) )
J:

~—~
ur
X
5
1

§73

PVB(t, x) = PVB(t, x; P) + PVB(t, x; F)

X (t, x)
(t, x) (past service)
, PVB(t, x; P), (t, x)
(future service)

, PVB(t, x; F)

§71 , X
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=a, atl, .., r-1

PVB(t, X)

Actuarial Present Value(APV) of future benefits for a member

aged x, existing at time t, computed at time t
= hx (r-a)x sox € "% | &)

= hx_(x-a)x_sox & %% ., | ¢!

T (2 PVB(t, x; P); APV of Past service benefits)

+ hx (I’-X)X SoX eﬁ,(lﬂ:xlx o | éxiil

T (2 PVB(t, x; F); APV of Future service benefits)

,  PVB(t, x), PVB(t, x; P), PVB(t, x; F)

PVB(t, x; P) = PVB(t, x) x f—z
PVB(t, x; F) = PVB(t, x) x :_g
;. , PVB (pro rata fraction)
3.
( ; NC, AL)
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(EAM) :

(PUM)

§ 87

(EAM)
EAM ‘
(. )
? -
¢ ? ( , )
, (standard contribution formula)
(constant %)
(assumed
entry age; €) e (notional
member)
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C )

(ie r-e
(projected final salary)
e
e+l r-1
AL(0) ( PSL)
49) EAM r-e
AL (0) ( ) PSL
(stable pace of funding)
(EA NC) (EAAL)
( 0
(e) (A2) (@)
(.e=29)
49) e ( )PSL = 0.
e “( PSL > O
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( 1
t a (salary
function value) Sf(t, a) ,
Stt,a) =s x €' =5(t, x)= S(t) & S(0,a =S(0, x) = s
( (E) :
t S() )
~ S(t+1) = € x S(t) S(0) = s 50
AAP(t,a)
"*AP(,a) =h x (r-a) x & ¥ x S(t)
AP, X) = h x (r-a) x &€ x S@t) = "H x FPS(t, x),
X =a, atl, ..., r-1

M = hx (r-a), "PS(t, x) = & “*) x S(t) 5.

( 2
(t, a) r
50) 1 (first- order recursive growth equation)
(time-indexed
function) (dynamic
growth model) .
51) EAM (iii) (ie. r-a, years
of the total (past & future) pensionable service)
EAH , PSS, ) (t, X)
(praected final saary) . 871 ©
PSt, x)* = & Y x
St) (e r-1 ) r-1
1 PSt, x) = **PS(t, x)* x €& .
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(t, a) **PVB(t, a)
"*PVB(t, a) = “"AP(t, @) X 28"’
, PVB(t, x) = "*AP({t, X) x &°’, x =a, a+l, .., r-1

( 7.1) "*PVB(t, x) §72
PVB(t, x)
( 3
(t, a) (ie. r-a)
(t, a)

"*PVFS(t, a)
r- 1
""PVFS(t, @) = S(t) x 2 €& *"x &®“x I/l

S(t) X Hura® P

, PPVFS(t, x) = S(t) x &:° "), x =a, atl, .., r-1

( 4 - ()
“*PVFS(t, a) “*PVB(t, a) (
“*PVFS(t, a) “*PVB(t, a) )

"APVB(t, a) /| **PVFS(t, @) = *Hx € "% [.a8° 7 &ar-a® P,

independent of time t

r-a) S(t)
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(level fraction of current salary)
["PVB(t, x) / *"PVFS(t, x)] = “*H x &

/ é)(:l’»)((6 >G

1, x = a, atl, .., r-1.
( 95 -
t "ANC(t, a)
EANC(, a) = [*PVB(t, a) / “*PVFS(t, a)]x S(t)

“PVB(t, a) / [""PVFS(t, ayS(t)]

"*PVB(t, @) /| &aur-® "’

) X [r»x\éx(6 )

- (7.2)

- "*PVFNC(t, a) = **PVB(t, a) ( F*PVFNC(t, a) = “*NC(t, a)

X Bara® ")
[F*PVB(t, @) / &ar-a® " ] “*PVB(t, a)
(ie r-a) (uniformly
spreading-out over term r-a). , (t, a) (r-a)
"ANC(t, a)
(discount function value) e © P’ (t, a)
(ie. "'NC(t, @) X &ar-a" ")) r
(t, @) PVB(t, a)
8§ 6.7. . “ "
(t, &) ( @t a
"AAL(t,a) =0 ).
( 72 (ie.
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NC(, a) < NC(t, at+l) < .. <

a+l r-1 )
NC(t, r-1) : EAM (iii) &
(iv) "*NC(t, a) = “*NC(t, a+1) = .. = "*NC(t, r-1)

(Individual Entry Age

method(IEAM) EAM
*ANC(t, a) .,
TANC(t, x) = [**PVB(t, x) / ""*PVFS(t, x)]x S(t)
= "'PVB(t, x) /  &4.x°P’ | x = a a+l ., r-1

= ""PVENC(t, x) = "*PVB(t, x)
( ""*PVFNC(t, x) = ""NC(t, X) X &ara" )

(., )

(Initial Funding Method;

( 73) §61.
"NC(t, a) = "PVB(t, a)

IFM)

= "*PVB(t, a). (ie r-a)

Once-for-all payment

EAM
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( 6)- (ii)
t ANC(t)
*ANC(t)

- 21 IX] x *NC(t, a)

[*PVB(t, ay ™ PVFS(, a)] x 3 [hx S

1
( t ; W(t))
= c% x W(t) ---(7.2)
CNCEH) (0t ) x
t ) EAM
, ANC(t, a) = "“NC(t,
a+tl) = ... =" NC(, r-1) ,
:NC(t) =c% x W(t), ¢ = (independent

of both time t & actual age x but dependent only on the assumed

entry age a).
«C 7 -
(Projected Actuarial Liability)

(t, x)
"*PVFNC(t, x) AAL(L, x), a< x< r-1,

52)
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PVENC(t, x) = “"NC(t, x) + “"NC(t+1, x+1)x e’ x L+Ul +
NC(t+2, x+2x €® x Ll  + . . . +
ENC(t+H-x-1, r-1)x €° x |4/ Ix
= FANC(E, X) X &) (= FANCE, @) X &ax® )
ANC(tH, x4) = **NC(, x)x €', I<j<r-x-1 & ®*NC(t, a)

~—

= EANC(t, X) )

PAL (L, X)

"*PVB(t, x) - "*PVFNC(t, x)

[EAAP(t, X) X r-x ‘éx(6 )] - EANC(t, a) X éx:r»x(6 h)

Hx FS(t, X)X o &%) - HX SU)X &€ V% [a&C) ) & "

se 5 -
X ax:r»x( )

{EAHX S(t)x eB (r»x)x r-x | éx(6 )/ éa:r»a(6 P )} X
{éa:r»a(6 R eB - X [r»a\éa(6 )/r»x | éx(6 )] X éx:r»x(6 P )}

= {EAHX S(t)x eﬁ (rEX)x r-x ‘a)((6 )/ éa:r»a(é P )}x {éa:r»a(é ) = e>(6 P )(X’a)x

52) IV AL, X)

'NC(t, x) : , AL, X)

INC(t, x)

(continuous-time approach)
( 0 )
notation
notation ot

(ie t-1 ) & tH0 (e 8§ 7.1
(D) t

). EAL(, X) , *NC(t+0, x) : notation
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(Il 12)X &crr® P}
( r»a\éa(6 )/r»x\éx(é) = e>6(x>a) x Ix/ la )
- {EAHX S(t)x eﬂ (r-x) g x| éx(é )} x {&:X>a(6 -B )/ éa:r»a(é -B )}

( {éa:r»a(é >G ) = e>(6 >G )(X>a) X (IX/Ia) X é)(:l’»)((6 >G )} = éa:)(»a(6 >G ) )

= "'PVB(t, X) X [&ux-a® ")/ &ara® P ---(7.3)
; §7.1
(t, a) "*AL(t, a) =0
(t+r-a, 1)

ie. “AL(t+-a, r) =
PVB(t+r-a, r)).

, (7.3) SAAL(t, a)  "NC(t, a)

PAL (L, X)

EANC(t, a) X e>[3 - X r-x | éx(6 )/ r»a\éa(6 ) X éa:x»a(6 B

EANC(L, @) X Hax-a® P x @ @ PN w1 ],)

= "'NC(t, a) X Sax-a" "’ ( 8§72 ) ---(74)

; §71 :
(t-x+a, a) (t, x)

(x-a) {**NC(t-x+a, a)

 EANC(t-x+a+l, @) , .. , *NC(t-2, a) , **NC(t-1, a)} = {"NC(t, a) x
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efP L, FANC(t, a) x e |, **NC(t, a) x e’ },

(actuarial
accumulated value of the normal costs)
( 74)
(7.3) (Prospective Method) (7.4)
(Retrospective M ethod)
- (t, x) , FPAL(, X), r€ X< w,
(t, x)
(A2) (t+r-x, 1)
X =, o+l r+2, . ,
PAL(t, X)
= *PVB(t, x)
= FAP(+r-x, 1) x &°’
T ( t X r (t+-x) )
="H x S(t+-x) x &’
T t X r (t+-x) )
=" H x 9% g(t) x &)’ ---(75)
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, 871 () (t, x)

EB(t, x)
PEB(t, x) = P*AP(t+-x, ) ---(76)
., (73) & (75) t SAAL (L)

SAAL (L)

= Xﬁa[lxx AL (, X)]

-1
= { z [I)(>< EAH>< eﬁ (rEX)x S(t)x r-x ‘ a)((6 )x éa:x»a(é >B )/ éa:r»a(é >B )]
X= a

+
Me

[ex "*Hx & “x S(t)x &° ] }

X r

1
WY)

r-1
x { 20 [hx FPHX € % S)X x| &C X Bax-a® P Bara® P]
X=a

+ 3 [ PHx @ OO SEOx &0 ) x W)

-1
{ z [Ixx EAH>< eB (r»x)x r-x | éx(6 )X éa:x»a(6 P )/ éa:r»a(6 P )]
X=a

-1
£ hx PHx @ XA S x W)

hade x W (t) ---(7.7)
(%)

75) 7.2) EAM
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(ie t=0) x ANC(0, x)

(x-a) “*AL(0, x),
X =a+l, a+2, .., r-1( F*AL(0, a) = 0)

(7.2) ,
"NC(0, x) = **NC(0, @) = “"Hx S(O)x & “"x [a&"’ | &ur-a® ]
(7.2) 0
“*NC(0)

- 21 L] x EANC(0, a)

= ["PVB(t, a) /| "PVFS(t, a)] x ;Zla [tx S(O)]

="c% x W(0)

---(7.8)
(712
, (7.7) t=0 “AAL(0)
« ) §7.1 (A1)
EAM
(ie. x-a) EAM
X
PSL (x) , a O+a- x
0 X
(7.3) (ie. t=0) S(0)
, S(0) = x &
PSL (0, x)

= {EAHX S(O)x eB X r-x \éx(6 )} X [éa:x»a(6 h) / éa:r»a(6 * )]



= {EAHX SoX eB (r»a)x r-x | iix(6 )} X [éa:x»a(6 h) / éa:r»a(6 P )]

PSL (0) = 21 l x PSL(0, x)]

(7.7)
t=0
EAM
( (iv)
F(0)
(initial unfunded liability), UL(0) = PSL - F(0),
( )
( 8) - °NC (recursive growth equation)
(72) & (76)
W(t) = 21 hx SO, t =0, 1,2 ...
t, t+1 ANC(t) FNC(t+1)

W(t) W(t+l)

W(t+1) = 21 [kx S(t+1)]

- ¢ x 21 [hx S()]
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=¢ x W(t), W (0)

ANC(t+1) = "c% x W (t+1)
="c% x € x W(t)
¢ x EANC(), EANC(0) ---(79)

, FANC(0) (7.7) ANC(t)

( 9 - "*AL (recursive equation)
- FAAL()  FAAL(t+D)
(projection) ( , PSL
(7.7)
(7.12) PSL EAM

EAM « . )

. §71 (F)
X =a atl, ., r-1, (7.1) & (74)

& x [Lx AL, X) + hx SNC(t, X)]

€ x {[lx " NC(t, X) X ax-a® *'] + [lkx **NC(t, x)]}

=& x Lx ®ENC(t, X)X [$ax-" ") + 1]

= Ixx (Ix+]/|x)x EANC(t, X)x eG X [ga:x»a(6 b )X (Ix/|x+1)x e(6 8 + (Ix/|x+1)x e(6 b )]
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= |x+1x EANC(t"'l, X+1)x [ga:><+1»a(6 i )] ( § 72 )
= lax FPAL(t+1, x+1) ---(7.10)

= px AL x+1) =€ x [FPAL(t, x) + T'NC(t, X)], px = e/ Ik

X =, r+l, r+2, ..., (75) & (76)

e x [lx PAL(t, X) - Lx ®EB(t, x)]

€ x Lx [ *AP({t+-x, 1) x &°’ - "*AP(t+-X, )]

Lex (/L)X SPAP@EH-X, 1)x [&C % (Wdla)x € - (I 2)x €]
=L X PAP(H-X, 1) X &a©) ( 8§72 )
= I x FPAL(E+L, x+1) ---(7.12)
= px AL+, x+1) =€ x [FPAL(t, x) - T'EB(t, x)], P = et/ I

, ( , ) , X =a,atl, ., r, r+l .., (7.0
& (7.11) (7.12)

&€x | Xﬁa[lxx AL, x)] + ;Z:[lxx EANC(t, X)] - Xﬁr[lxx
"“EB(t, x)] } (=€ x {FPAL() + *NC(t) - ""EB(t) } )
= i o x AL @+, x+1)]

= "AAL(t+1)
= FAAL(@+1) = € x {FPAL() + 'NC(t) - "'B(t)}, AL (0)
---(7.12)
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TAL(0) PSL
EAM (. (710 )
EAM (7.12)
{**AL(t): t=0, 1, 2, ..}

(7.10) : ., (7.10)
AAL (L) = Fha% x W(t)
AL (t+1) = Fra% x W (t+1)

-1
= a0 x X [lx S(t+1)]

S0 x & x zl [x S@)]

=& x "AAL(), AL (0) ---(7.13)

(PUM)

§7.1 (A) (G)
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PUM ‘

(.
) 7
- ¢ ? ( , )
871 1)
(single premium basis)
(accrued actuaria liability)
EAM PUM
(actual age)
EAM PUM ( )PSL
(AL(0) = 0);
(
: )
(actual service period) ( ,
100%

(Long-term funding requirement)

C'NC) ("AL)
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EAM

( I
t a (salary
function value) Sf(t, a)

S(t,a) = x €' =S(t, x) = S()

( ©)
t S(.) )
= S(t+1) = € x S(t) S(0) = s

AAP(t,a)
AP, @) =h x (r-a) x &€ "% x S(t) (= ""AP(t, a))

UAP(t, X) = h x (r-x) x & x S@t) = ""H(x) x "YPS((t), x)
(#z FMAP(t, X), x = a+l, a+2, .., r-1).
Y"H(X) = h x (r-x) (& ©*H, "H(@) = "*H), ""PS(t,
x) =€ " x S(t) (= *"PS(t, x)) 53).

53) *H ""H(X) EAM PUM

, (i.e. r-a
EAM **H ,
(ie xa t 100% (
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2) - (i)
"UAP(t, Xx) (ie. r-x)
(e 1)
PU(t, x)
PUAP(t, x) / (r-x)
=h x °YPS(t, x)

PU(t, x)
; (L, x) (t, x) (t+1, x+1)

(projected unit benefit)

( 3 -
§72 , (t, x) (t, x)
(t, x)
YPVB(t, x; F)
YPVB(t, x; F)
= "YAP(t, X) x &%, x =a, at+l, .., r-1
(= PVB(t, x; F), 8§72 )
(ie r-x) r-x (t,
X) (t+1, x+1)
(iii) )
(ie. r-x) PUM PUH(X)
, PS(t, x)= "UPS(t, X))
EAM  PUM (prgected final saary)

- 191 -



(t, x) UPVB(t, x; F)Y (r-x)
(t, x) (t+1, x+1)

PUNC(t, x)
="YPVB(t, x; F) / (r-x)
= "PVB(t, x) / (r-a)
t (= **PVB(t, x) = PVB(t, x), § 7.2 )

=PU(t, X) X r»x‘éx(é)

=hx "2 x ., 4% x S(t), x =a a+l, .,r-1. ---(7.14)
1 (EAM
» S(t), %)
, (t, x) r

(ie. ""AP(t+-x, r)x &°) (t, x)
(t+1, x+1)
( 76) (accrued actuarial liability)
EAM "*PVFS(t, a)
«( 4 - (iii)

t ANC(t)

PUNC(t) = 21 I x PUNC(, X)]
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_ 1
W(t)

x W(t)

x | ;Zla hx & "% r-x| &®’x Lx S(t)] }

= g Zi mxé“*&r%‘a“&|4}/'{§ilg x W)

= "Pc% x W(t) ---(7.15)
. EAM ANC(t) t
(total pensionable payroll; W (t)) (%)
(72) c
1 PUC
( 9 -
PUM
(Accrued Actuarial Liability) - 8
7.1 )
, (t+x-a, X) PUAL (t+x-a, X), X = a,
a+l, at+2, .., r-1, 8§71 (Al (t, @) la
(t+x-a, x) Ix
(accumulated value of the normal costs)
[« x AL(t+x-a, x)
x-_a- 1

= ZO lask X NC(t4, at) x ¢ * =V

] =
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x-_a- 1 . .
ZO |a+j>< hx eﬁ (r»a»j)x r-a-j | iia+j(6 )X §ﬂﬂ)x e6 be-al)

]=

(= St)x €)

h SEX {30 lax € CIx @0 CFx (flug)x AC x € ¢}
j=0
€ 72 )

x-a: 1
= hx S(t)x eﬁ (r-a)y { io eﬂ (r-a)y e»zs (r-x)y (Ix/lx)x I é;(é) }
J:

= hx S(t+x-a)x & “!x Lx (X-a)X rx | ax"’ ---(7.16)
f ( )
1 ((t+x-a, x) , S(t+x-a), r
)
; (t, a) 0
0
(t+r-a, r) (ie hx St+-a)x Ix (r-a)
x &°)  100% PUM
, (7.16) t, x)

PUAL(L, X), x = a, at+l, a+2, .., r-1,

PUAL(L, )
hX S(t)x eﬂ (r»x)x (X'a)x r-x | iix(6 )

"PVB(t, x; P)

hx S(t)x € "x (r-a)x x| &"® 'x [(x-a)/ (r-a)] ---(7.17)
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= ""PVB(t, x) x [(x-a) (r-a)]

T ( (r-a)
(x-a))
, PVB (ie (x-a)(r-a)) )
EAM (7.3) PVB (i.e.

o 5 - . 5 -
aa:x»a( f )/ aa:r»a( f ))

( 770 (72 EAM
. PUM (7.16)
. (7.16)

- (t, x) , PUAL(t, X), r< x

<w, EAM Lo, X =0, r+l, r+2, .. ,

PUAL(t, x)
= ""PVB(t, x)
=hx (r-a) x S(t+-x) x &°’ (= AL, x))
T ( t X r

(t+r-x) )
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=hx (r-a) x €% x S{t) x &’ ---(7.18)

, 871 (F) (t, x)
EB(t, x)
UEB(t, x) = "YAP(t+-x, r) (= "'EB(t, x)) ---(7.19)
(7.16) & (7.17) t SAAL(L)
PUAL(L)

= ;a[lxx PUAL (t, x)]

y ;Zla[lxx hx S)x & % (x-a)% rx | & ]
+ g}r[lxx hx (r-a)x & “x St)x &% ] }

= ;Zla[lxx hx € ©9x (x-a)X rx | ax® ]

+ 3 oxchx (rax @ Ux AT T x W)

= PYgy x W (t) ---(7.20)
(%)

738) EAM PUM
( )PSL
, PUM EAM
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100% '
EAM
( Initial Funding Method )

Mcleish & Steward(1987)
(Defined Accrued Benefit Method); Marshall

& Reeve(1993)

, (long-term)
(short-term)
(  6)-"'NC (recursive growth equation)
EAM PUM
(7.15)
UNC(t) = ""c% x W(t) &
-1
W(t) = 2 [kxSt)], t=012 ...
UNC(t+1) = ""c% x W (t+1)
="c% x & x Wi(t)
=& x PUNC(t), "YNC(0) ---(7.21)
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(720
{""NC@):t =0, 1, 2, ..}

( 7)) - "AL (recursive equation)
- EAM PUAL(t)  "YAL(t+1)
(projection) -

C )

X =a, atl, .., r-1, (7.14) & (7.17)

& x [lx AL(L, X) + Lx "UNC(, X)]
=& x Lx hx S(t)x € “x (x+1-a)x rx &’
( (7.11) & (7.14) )
= e hx S(t)x € % (x+1-a)x [ x (/b )X rxax™]

T (= e 41,872 )
= lLeax YAL (t+1, x+1) ---(7.22)

= px PALGMHL x+1) =€ x [YAL(t, x) + "'NC({t, X)], px = e/ Ik

CX = r, r+l r+2, ., (7.17) & (7.19)

e x [lx "PAL(t, x) - Lx "YEB(t, x)]

=& x Lx ["AP{t+-x,r) x &’ - "'AP(t+r-x, )]
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= Lx (/)% PPAP(EH-X, 1)x [&° % (W ha)x € - (I la)x €]
=L x YAP(tH-x, 1) x &) ( §72 )

= Lo x PUAL(t+1, x+1) ---(7.23)

= px UAL@+L x+1) =€ x [YAL(t, x) - "UEB(t, X)], px = ke Ik

, EAM ( , ) , X = a atl, . r,

r+1, .., (7.22) & (7.23) (7.24)

-1 @

€ x | :Za“xx CALE, X))+ X [ UNC(E, )] - 2 [

YEB(t, X)] } (= € x { PAL(t) + "*NC(t) - **EB(t) })

3 b x PUAL (t+1, x+1)
a

X=

= "YAL(t+1)
= PUAL(t+1) = € x {"YAL(t) + " NC(t) - "YEB(t)}, AL (0)
- - - (7.24)
EAM
(7.23) L, (T22)

PUAL(t) = "Ya% x W (t)
PUAL(t+1) = "Ya% x W (t+1)
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-1
PPa% x 2 [lxx S(t+1)]

Vath x & x T [Lx S()]

=& x "YAL(t), AL (0) ---(7.25)
EAM PUM
EAM PUM
(ie.e=a) (ie e=x)
r-a r-X
NC r-a (i.e. ) 1 (e (x+1) - x)
NC PVB(t, a)y PVFS(t, a) AP(t, x) I (r-x)
PVB AL iia:x»a(éwz) / iia:r»a(éwz) (X'a)/ (I’-a)
PVB(t, r) = AL(, r) ifPVB(t, r) = AL(, r) if
100% X=r, iia:x»a(é P )/ iia:r»a(é -’ )=1 X=r, (X-a)/(r-a) =1
( ) PSL PSL(@, x) = 0 ( PSL(, x) =0
( 7.9 : (EAM) (PUM)
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VIII - (Asset- Liability Modelling)

- 1988 /
: ( 5 15 )

(projection)

- Greenwich Associates 1990

30%

) (matching)

(asset- liability management; ALM)
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- ALM

Roger Urwin(1991)
54): “models are to be
used and not believed, with the usefulness to the technique being to
provide a disciplined quantitative framework for quantitative

discussions on investment policies".

(projection)

712) & (724 (., )
( €

(1+4y) 671 )).

AL (t+1) = (1+,) x {AL(t) + NC(t) - EB(t)}

54) Roger Urwin, Financial Times, 18 April 1991.

- 202 -



= AL(t) + NC(t) - EB(t) + EI(t), AL(0)

EI(t) = iv x {AL(t) + NC(t) - EB(t)}.

..(8.1)

(8.1) t, t+1
AL(t), AL(t+1)

(linear dynamic liability growth model or linear liability projection

model)
(
8.1)
{ i, Nc@), (L+v)x {AL(t)+ -
z {  AL®)}
EB(1)} NC(t) - EB(t)}
:
l
AL (t)
( 8.1 (linear dynamic growth
system)

, (contral theory)

1 Z (time delay operator)

:Z- AL(t+1) = AL(t)

( 8.1)

(controlling variable) iv, NC(t), EB(t)
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(controlled variable) AL (t)

t+1 AL (t+1)
Fujiki(1994)
iv, NC(t), EB(t)
AL(t)
(7.10), (7.11), (7.23) &
(7.24)
- (X , X=a, at+l, .., r-1)

px AL(t+1, x+1) = (1#.) x [AL(t, X) + NC(t, X)], P = hei/lx
---(82)

- (X , X3, r+l, L)

px AL(t+1, x+1) = (14.) x [AL(t, X) - EB(t, X)], px = b/l

---(83)
( 81 EAM & PUM AL(t), NC(t) & EB(t)
t S(t) ( W (t))
(e B=0 < is=0), S(t) t (e
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t {0, 1 2 .}, S(t) = S, ). , AL(t), NC(t) & EB(t)

t 82) & (83)
d x AL + NC =EB (-~ NC + El = EB) ---(84)
d =i/ (1+v) = (valuation discount rate).
(stationary) , {AL{t) =

AL(0): t=1, 2, 3, ..}.

(84) ,
(real salary inflation rate) = O . AL (),
NC(t) & EB(t) (8.2)
(84)
Trowbridge(1952) , (mature case)
(stationary population), (
) " ,
(84) (equation of maturity)
(equation
of equilibrium) . (84)
(equation of quasi-equilibrium)
8.1 , t, NC({t) + d x AL(t) = EB(t) (= t,
NC(t) + ElI(t) = EB(t)). (74)

. {AL(t) = AL(0): t=1, 2, 3, ..}
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( 8.2) W (t) & (=1+s)

(7.14) & (8.1) (stationary

member ship)
(stable membership) (7.11) & (8.1)
(8 29
, 871

(geometric

growth in membership)

S() , 1

M (t+a-x+1) = (1Hn) X M(t+a-x), X =a, atl, .., r, r+l, ..

Im

(membership growth function) M(@0) = 1

in > -1 M()

t, t+1 W (t), W (t+1)

W) = 3 M@rax)x SOx b
W (t+1) = ;Zlam (t+1+a-x)x SE+1)x |

= (L14is)% (1Him)x 21 M (t+a-x)x S(t) Ix

= (AHs)x (THn)x W),

W) = ;Z]laM (@-x)% S(O)x Ix ---(85)

AL(t) = a%x W (t)
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AL (t+1)

a%x W (t+1)
= a%x & x € x W(t)

(1Hs)x (LHn)x AL (1), AL(0) = a%x W (0) ---(86)

(83

(recursive equation for the net premium reserve)

1 X
8.1)
(Gerber (1995; § 6.3) ):
Px+ X +1Vx = (l‘Hv) X [th + thx - Ox+t X A x], oVx
-87)
Vx = X t (th & Ax
) ;

2 T > 37
: : x >
nWooonoomoom
i >_|<_ X X
-O ~—+
x
+
~+ ~+
[EnY

(8.7)
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( 82

) ( (83 )
, EB(t, x)
Ox +tX A x s NC(t, X) 1 x, AL(t, X)
tVx
(AL) (F)

{AL(): t=0, 1, 2, ..}, {F(t): t=0, 1,

2}
(8.1)
(e
)
F(t+1) = (1) x {F(t) + C(t) - B()}
= F(t) + C(t) - B(t) + I(t) , F(0) ---(88)
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i1 = (intervaluation period) (t, t+1)

(ie.iv) ( i
{ia: t =0, 1, 2, ...} iv
(nominal interest rate) (real
interest rate) );
Ft) = t (C(t) & B(t) )
C() = (t, t+1)
B(t) = (t, t+1)
I(t) = i1 x {F(@) + Ct) - B(t)} = (t, t+1)
‘F@E)+C(t)-B(t) > O
(8.8) t, t+1
F(), F(t+1) (linear

dynamic fund growth model or linear fund projection model)

’
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( 81) (

8.2)
{ ¢ i Cc), 7 (I+iea)x {F(t) -
B(t)} + C(t) - B(t)} ‘ Lo
T l
F(t)
( 82 (linear dynamic growth
system): Z (time delay operator)
Z- F(t+1) = F(t).
( 82 ( 81
) t
(controlling variable) i+, C(t), B(t) ,
(controlled variable)
F(t) t+1
F(t+1) . t ,
i1
C(t)
, B(t)
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i1 & B(t)

(8.8)

equation)

(84 (

(equation of quasi-equilibrium)

8.1)

t, Clt) + du x F(t) = B(t) (=

{F(t) = F(0): t=1, 2, 3, ..}.
(8.9)

C(t) I (¢)

(V1 )

2 FO-ALQT,

C(t)

(random variable)

(stochastic recursive

(88)
t, Ct) + 1(t) = B(t)), ths1 = itsdf (1H141)
---(89)
(stationary)
B(t)
AL((t) NC(t)

(matching theory)

. 2 [CO-NCOT,
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, Haynes & Kirton(1952) (absolute matching)
, ot F@t) = AL(t) & C(t) = NC(t)

Lt i =i, B(t) =
EB(t) & AL(0)-F(0)

I
o

, (matching of assets and liabilities)

’

(matching of recommended contributions and standard

contributions)

t, EI{t) + NC(t) = EB(t), I(t) + Ct) = B{t) & UL(0) =0

---(8.10)
, (7.29)
, (benefit solvency) (  {UL()=0,
100% 1 1=0, 1, 2, ...} = 0);
C() NC(t) ['(t) + NC(t) = B(t) ( = 0).

C(t)-NC(t)
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t, 1) = B(t)-C(t)

e i 2 [B()-C(t)] / {FE)+C(t)-B(t)] ( (8.8) ) 9

---(8.11-1)

(8.11- 1)

t, I't) = B(t)-NC(t)

et i 2 [BO-NCU)] /! {FO)+NC(E)-B )] - (8.11-2)
C(t)-NC(t) = 0 i > e ( C(t)-NC(t) < 0
i'e1 < it+1).

(e UL@E) 0 & C(t)

NC(t))
C(t) 6 (i)
(negative correlation) (ie. | C(t) - NC() | | 1) - 1'(t) |
(trade- off effect)
)
(flexibility)
55) ‘CH)t = w1 '
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(8.1) (88)

(scale)

UL (t+1)

AL (t+1) - F(t+1)

(14, )x {AL(t) + NC(t) - EB(t)} - (1+Hw1)x {F(t) + C(t) - B(t)}
= (1+v)x UL(t) + (1+v)x {[NC(t)-C(t)] + [B(t)-EB(t)]}
+ (iv-i2)x [F(t)+C(t)-B(t)], UL (0) (<AL(0)-F(0))

---(8.12)

(8.12) t, t+1
UL (t), UL (t+1)

(linear first-order dynamic growth model)

(Actuarial Gain & Loss Analysis) (7.28)
(7.28)

UL (t+1) - (1+v)x UL (t)

= (14,) x [NC(t)-C@)] + (1+v) x [B@)-EB@®)]} + (v-i1) X
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[F®)+C(t)-B(t)]
= L(t+1)

;(t, t+1)

o (7.29)

. (14 )x UL () =

UL (t+1)

---(8.13)

(actuarial loss)

(actuarial gain)

(t, t+1)

UL (t) t+1

. (14v) x  [NC(t)-C()] =

C(t)

(t, t+1)

NC(t) (t, t+1)

( )

- (14Hv) x [B(t)-EB(t)] =

(t, t+1) B (t)
(t, t+1) EB(t)
)

- (iv-ia) x  [FO)+C@E)-B(t)] =

t+1)

t (F®)+CH)-B()) (t,
(iv) (ic-1)
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( 8.5) (initial unfunded liability)

(plan initiation) (

t=0 , UL(0)=AL(0)-F(0)z O ) (
) (amendments to scheme benefit rules) (
23 34
)« )

(changes in the actuarial assumptions or primary funding
method) ( ; EAM
PUM ). ‘ ’ ( )

( )

)

( 8.6)
( (Revaluation))
( )
( 8.5)
, 3 6
; 5

t t+l1 8§72

t, t+n, t+2n, ... ( n>0 )
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(8.1) (88)
(ratio)

(funding ratio)

(8.14)

(8.8) AL (t+1)

FE+1YAL(t+1) = (1Ho)x {AL (Y AL t+1)}x {F({tYALE)+CEYAL (t)-BEYAL (t)}

o FR(t+1) = (IHe)x {ALEYAL t+1)}x {FR()+CR()-BR()}  --- (8.14)
, FR(t) = [F(YALQ)] = t
FR(0)=F (OY AL (0) ( , tAL®) # 0)
CR(t) = [CGYAL()] = t
BR() = [F(tYAL(®)] = t
(8.14) t, t+1

FR(t), FR(t+1)

(linear first-order dynamic growth model)

. AL@YAL(t+1) (8.6)
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AL@EYAL(t+1) = 1/ [(1+s)x (1+n)].

(8.14) (86)
FR(t+1)
= (LHea ) [(1Hs)x (14in)] x {FR(t) + CR(t) - BR(t)}
= (1+nia) x {FR(t) + CR(t) - BR(t)} FR(0)
---(8.15)
O e, s i, (1+nica)x {FR(t)+ -
z { :FR(@)}
CR(t), BR(t)} CR(t)-BR(t)}
1
!
FR(t)
( 8.3 (linear dynamic growth
system): Z (time delay operator)
: Z- FR(t+1) = FR(t).
( 83) ( 8.2)

(controlling variable)  iw, is, im, CR(t)
(controlled variable) FR(t)

t+1

FR(t+1) . t
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is, im,
(LHea ) [(1Hs)x (1+in)] (net

interest rate over (t, t+1); Nic1), (LHea) [(1Hs)x (1+m)] = 14N,

7. (Supplementary Methods or Methods

of Amortization)

(AD)
(6.3), C(t) = NC(t) + AD(t) Cit) ( 8.1)
NC(t)
AD(t) - AD(t)
VI
AD(t)
(Methods of
Amortization) . , , ( )

(Spread Method; SM)
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t , ( (7.24)

) (actuarial surpluses & deficits)

SMAD(t) = ke - UL(t), 0< ki< 1 ---(8.16)

s = t , UL(t-q)
(spread parameter)
Mk, SMAD(t) SMkt
Haberman(1994) "k UL (t-q)

(penal rate of interest)

100%
( 8.7) (8.16) Mk, (boundary value) 0 1
«SM kt = 07
«SM kt = 17 ,
t UL () (accounting
& auditing)
UL (t-q) q =
)- , 'q=0'

(complete information)
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'g>0"' (incomplete information)
q=1
q:

( 8.8) (8.16) Mk,
, 1980

'Pension Scheme Surpluses (Valuation) Regulation 1987

(ie.
F@{YAL(t)) 105% ( )
5
- (tax penalty)
VI K
Mki = Yén(v), m =12, ..0r 5 ,

5 F(t+5)/ AL (t+5) > 105%
( , ,
(scheme sponsor) )
( ,
). , (
1974 ERISA) , 1991
Maxwell (
Maxwell affair) ‘Pension Act 1995
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1997 4 . )
(Minimum Funding Requirement; MFR)
(i.e. F(tYAL(t) < 100%)
( (restoring time limits)
) 5 6 100%
(schedule of contributions) ,

(Occupational Pensions Regulatory Authority)

- K«
Mk = Yéan(v), m =1, 2, ... 6
100%
(cash-injection) (
).
( )
Mk,
( ) |
(ie.
iv) (evenly spreading- out)
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t, SMkt = SMk)

- K (time-invariant spread parameter;

t, ki ="k =1/ & (iv) ---(8.16-1)
m (amortization period or spread period)
56),

m (average
remaining lifetime of the active members) (
m =20 25 ) 57),

( ) I:
(iv)
Mk, (time-varying spread parameter)
t, ki =W(t)/ PVFW (t) 58) ---(8.16-2)
56) v o> 0 , A&(i)  m (strictly
increasing function of m) a@i) = 1& & (@) = Yd Mk
{k:d = Mk < 1.
57) m t UL (t-q)
UL (t-q) &~ (iv) t+m
58)  (8.16-1) & (8.16-2) , '"PVEW () W (t)
&n o (iv)' m(t)
(8.16-1) m (8.16-2)
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PVEW(t) = t

(pensionable payroll)

W(t) = t
(8.16-2) ( ,
)
(Straight-Line Amortization Method) (Fixed-
Percentage Amortization Method)
t , ( (714
) (actuarial surpluses & deficits) 59
(
) -
( )
m(t)
59) PSL
(UL)
(AD)
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( 8.9)
- Rate , EDP . Rate

15 100

M odel . EDP 100

Rate , EDP

8.17)  (8.19)

( 8.11)
Rate ( RSM ):
« . )
1997 4 20% 35%
UL(t)
( ) -
n' ( 8.8)
5 n=1, 2, 3, 4, or 5.

’
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FMAD(t) = **Mkee UL(1), ---(8.17)

, n , 0 < Bk ="Kk = 0= ke £ 035
EDP ( ESM ): RSM
ESMAD(t) = "Mk - UL(t) --- (8.18)
, n , 0< MKk = MK (N(t) or W(t)) = "*Mkt+1

= .=k < 035

, N(t) = t
W(t) = t W (t).
( 8.10) RSM ESM ,
ESM (ie. EDP ) RSM (i.e. Rate )
EDP UL (t)
N (t) W (t)
(ie. ) N (t)

W (1) -

- Rate EDP
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( FPM ):

(. )
1997 4 20% 50%
UL (t)
ESM
- ( )
( UL (t) 0
) n
FPYAD(t) = "™k - UL(t), 0 < "™k < 05 ---(8.19)
, n c ke > ke = (M)’ > > Mkew = (VK
( 8.11)
X Mko= 17 &)
X
(8.17) (8.19) X
- (time value of
money)
( 8.12)
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(e (732-1) & (7.31-2) ),
(e (732
(7.34))

RSM K, & (iv) z

( 8.13) :

H

(contribution holidays)

100%
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( )

(amortization of losses method)

(85) (initial unfunded liability)

t= ,
UL (0). UL (0) 3

UL(0) = "'UL(0)
UL(0) = °°UL(0)
UL(0) = “°UL(0)
UL (0) = "'UL(0), **UL (0) and/or "“°UL (0).
(amortization of losses method; LM):
(ie "MAD(t)) ( )

(actuarial gains (i.e. negative losses) & losses; L (t-j), j= 0)

(i.e. UL(0)) ,

"MAD(t) = PI(t) + PL(t) ---(8.19)

- 229 -



UL@O)/ &(@v), 0 t< n-1
PI(t) =
0, t> n 60

PI(t) = TZ:L(t-j)/ n (iv) 6,

L(t) = (t-1, t) , ( ) (
§ 85 (8.14) ), L) =0fort< O (e
).
(8. 14)
( )
, UL(0) n

= PI(t) = "'UL(0Y &o((iv) + **UL (0) &so(iv) + “°UL (0¥ &w(iv) = PI
(t; n=30, 30, 10)

, L(t) : m

S PLQ) = TZ:L(t-j)/ 4n(), m =5 = PL(t: m=5)

L(t-]) (t-j-1, t-j)
60) UL (0) n n (
t=n .
61) (t-j-1, t-j) L{t-])
m ) t-j+m
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UL (0)

(ie.m < n).

(minimum  funding

standards) (maximum
limitation on deductible contribution) ERISA
Véwo(iv)

"MAD(t)
Min{PI(t; n=30, 30, 10) + PL (t; m=5), PI(t; n=10, 10, 10) + PL (t; m=10)}
< "MAD(t) <

Max{PI(t; n=30, 30, 10) + PL(t; m=5), PI(t; n=10, 10, 10) + PL(t; m=10)}

'NC(t) + Min ' (bottom limit of C(t)),
'NC(t) + Max ' (top limit of C(t))
(8. 15)
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ERISA
ERISA

(Pension Benefit Guaranty Corperation, PBGC)

(pension insurance premium) , (
). PBGC
PBGC
30%
(
33% PBGC ).
(25) (book reserve
schemes) (insolvency insurance)

(minimum funding requirements)

PBGC

F(tYAL (1))
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C(t)

C(t)

8.13)
(underfunding)

Owadally (1995)

UL (0)
( , 100%

funding) ):

- 233 -

(

(e FEYAL())

(fullfunding)
).

(faster pace of



(i.e. FQYAL())

);
C(t) (smoother & more
gradual funding patterns)
( ) <
( )
( ( 7.22)
C(t)
).
62) :
CYAD(t) = PI(t) + [UL(t) - Ut)] / &n(iv) ---(8.20)
PI(t) (7.35) PI(t)

UL©) [ & (i) / &), 0< t< n-1
u(t) =
0, t

v
=]

62) Owadally 1997 City University (in London)
‘Amortizing Initial Unfunded Liability and
Spreading Subsequent Surpluses/ Deficits’ (
Owadally Method( OoM) ).



( ,U) t UL (0)

).
(7.36) . PL(t)
, UL (t)/ &n (iv) (,
U (t) & (iv)
( 816 ( 812
(
).
12 12 (
) (.
)
( oM
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Vil

Flow- Chart
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Flow - Chart

n : (cash-flow projection)
Inflows {C(t), I(t)}
Outflows {B(t), (E(t))}
Inflows {NC(t), EI(t)}
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