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)
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{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

- 115 -



( )
(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)

’
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(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)
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{ (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)
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(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
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(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)} + {

} . )
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(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'
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(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) ).
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(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."
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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))
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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
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( :3 10,20, 40 )

’

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

, FUL

Holiday)
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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)
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( )
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)”
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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
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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)
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(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%
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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)
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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)
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(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)
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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%
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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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