Bsad T 4184 A 135 20074 3€

1912 7194
Markov Chain F& & 7]|¢]

A Markov Chain Model of the Contribution Behavior
of the National Pension Insured Persons

5 7| &°

Choi Ki-Hong
E”I 152 R JIIAIS0| Pe sAMD TIRIXE 71 HEM ZMolls HEEES M
Mate 7l03-+2 2ol st 2 A7 Hoem(1977), ol= =EEAI=(BLS)<

>..u.

I\/Iarkov chain csdHE 232 S2510] ZLUANF 7IXte] EHE J|0{2& 2 7SI
c}. ol2fst 20| ZAINHFo| 7|02 20N st A2 7|UX|o| AliEt} x| ZHo|

HMo|(transition)7t 28 E FoIASD} 7|0feiof| 2 &S 0|X(7| HiE0|Ct, AtAE|AM ]|

o=z MolstH HHE FulaS0| siatsin] HEolQ|, M So=z J[0{pT) ZAsk= A

o] EHAo|Ct & 7= 0|2 ZHo|A= Markov chain =SMYHE 2o|M #|FAIZH

(sojourn time)2l T&0 AlSEl= Mube, FREeE X7 Al(recursive formula) CHAL Zx}

A7k 2t MefjoilMe] 7|ch & FAIZEe| YutAlS EEst0] M S 7HESHA SiYich =0z
| of

4o
of chst AZEMoM= AR, X1, J2|10 th7|Xte] 7HlMEl 7F Mo|gtEo| olsto 58

0|F ZIAIZHH AART X|AofM 2| HTAIZICZRE MM HHEE HFS6 7|0
ZXotACt. St AR X|Yoj|Me| dEASTM(age-earning profile)= A&
715 Hrsto] RoAS5S ZHsct. 0]2{8t Markov chain 28 7fixtel M
gtedst HAM Qs 7|05 ¥ 52 7kssiA Bt

=2 ARlof: =elig, 7|0{=2Y, 7|o{d=p, DfFEAel, FUaS

*EAAFATY, 7949 (khehoi @npsdu.or kr)
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22 71EZH (BPA: Basic Pension Amount)©|2ka sh thea} 2o}
BPA=1.8(A+B)[1+0.05(n—20)] = 0.09(A+B)n (1)

Hapd A 7HIAES] AA Ands@)e] BFo A oleka BTk A
e 9 WA AR R O Aoy dydos A4 4 o B
QA A nE BER RN 25 Aglel Z71ER AA) 72 ARk
T gholth. 7H9IAe] BYR BakaSol y, icRoly Re AT 7144
W9 (18,60) olch. && 717 Agke] AZFA Al 1] 4] Bgte Rkt y2 7h
A BREE F5E A/AZ AB7IEIC] The st o] ARET,

1) FH4959 Fale $Ag] g AE A A Folng ALY Holzmann et
al.(2001) =2 AFEA (IPD: Implicit Pension Debt)2ta dto] 42 o534
oF g}

2) FNAFE Ha 1092 71odsteiof ge}, 109 )4 201 vlghe] A9 A Ak
o] 4gH} FAAFTe] Aol 7 ASFE 1/29 sk 202 v &g Holt),

3) o 397 FAHH AARE AR 82 Fs] st 2 3d o] s el ot
A% €}

Ean

Of
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2y %
ieR
B———1 (2)

n

7194 n2 719471
At HolA [(y)
o] glow 09 gt= 2zt

< B3 s Fy) 259 olH yof oste] v Zo]
A Al (indicator) SHF2A A5 y7F k] FollA 1, &5

[N

rr
o

g5 FHESY, 5
(1995), A2 - 1-8sH2002), A E(2002) T 71€ ATE2 7144
A 7P 8kaL 7k kel AER S (18,60) WlellA defe] Zel7t nel A1t
FAa5FAS 7Heta vk oleldk W EAAS £ E(1995), A9
(1996) TellA & F Axe] Lt 7AiM e BAs dvsge 744 7
o717t 7P ol whah Y] Eoll 2] G2 zte|7h A = Qe Bt H71%
(2005)& =R o] gk A5 HPT FF-S LA AA A= (single premium
deferred annuity)®] & eiAshd B8 W& Fuljshs 7H3A i LAl
g AAATY WFFAES AFE-ago e AR et ke &
go] U= B3t

B AT= 71E 23 A (deterministic) 7191 &5 of2fgt E4& 7 st
PR AT A Y 7Y olF @RS T F e ot &
(probabilistic) 7191 23& /sl AL HH 02 afar Tt 7IIAF AR
A Ao g Aol (e o] F)std By
O 7 7|odds7t Hadhe o] HuAoloj AFEF] B & =
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O Al [ el e ST Als d3-S Bkl HAR 7| gl 719Ale]
7FA717E 71073 Aol @S wheddhes Zlo] B asithe 21 Holx Sloh the

3l 7]t Al FAI 7 7]]»%4_ '1‘75” Sk
7

Rl FaARe] 714717t Btke] 71
o B g HHAES Markov chain Jf‘é_o- SFABATE. mER AV ol A
© I AFIA o A AES BT

1. A3 AR A4 7 e Aol

T AF] 7}01?4** 1988\ 4437t oA A =1 A3 248 1999
6267F o s FEsllon, 20059 Hell= 1,712% Hog SfE it =
T KA AR 1IAe A kA eI ol A7k A
/A ASIR R BARE A7 AER, WA, A4

o]t} A7k A = 1995 7Y Fo]&x] ] ok gulut gL
u1 A AAZE ITER /RIA A7} i 19094 49
o a0t 20034 o) F Al W9 Sl A kA
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=
s
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(291: )
P A4
R | AR :
A= A =4 FolE
1988 4,432,695 4,431,039 - - -
1995 7,496,623 5,541,966 1,890,187 - 1,890,187

1999 16,261,889 5,238,149 | 10,822,302 8,739,152 2,083,150

2003 17,181,778 6,958,794 9,964,234 7,902,223 2,062,011

2005 17,124,449 7,950,493 9,123,675 7,154,658 1,969,017

AT 712k AALE 713 Sl AT A9 749k el o)Fo] B
Aol vl &3 AAH AR Bet] A= AFtshe 5=
ARSIl A9 02 71 dEl7E Aol sl e Aolnt. ol AidE A9 ko] 7}
BEH o] 5L HUNAF 7IIARe] Foha53t 7] Aol A 9L I

A, A7 e e gl EA Ot 20059 SIS SAA
HM %—?i 9107t ¥} A kdAs L AT 4608t el 2atH olF A
S AR B A7) op A n9lE HIsE

om @ A7t ol AR e Aotk /A 5 Al HERE W
'o‘}% 7ka7te] Bl & UEhlle WS (= (1d7ed 9 8) xJ58)2 ths 19}
2t
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(E 2) & XG7ieRie] HelE g e

(891: %)

A | drelsle | AFE | uRE | 9Y | wvdds | A5 | dve
18 0.932 0.518 0.035 39 0471 0.663 0.351
19 0.966 0.286 0.010 40 0.453 0.675 0.369
20 0.965 0.190 0.007 41 0.440 0.691 0.387
21 0.961 0.174 0.007 42 0.431 0.698 0.397
22 0.943 0.162 0.009 43 0.409 0.710 0.420
23 0.926 0.187 0.014 44 0.393 0.718 0.436
24 0.902 0.229 0.022 45 0.385 0.728 0.448
25 0.861 0.255 0.035 46 0.373 0.739 0.463
26 0.821 0.287 0.051 47 0.366 0.749 0.475
27 0.855 0.310 0.045 48 0.360 0.758 0.486
28 0.847 0.347 0.053 49 0.351 0.769 0.499
29 0.807 0.409 0.079 50 0.340 0.783 0.517
30 0.704 0.492 0.145 o1 0.329 0.794 0.533
31 0.629 0.535 0.199 52 0.324 0.809 0.547
32 0.651 0.541 0.189 53 0.309 0.821 0.567
33 0.619 0.571 0.218 o4 0.297 0.835 0.587
34 0.589 0.594 0.244 55 0.282 0.848 0.609
35 0.566 0.611 0.265 56 0.266 0.859 0.630
36 0.530 0.623 0.293 57 0.245 0.872 0.659
37 0.510 0.638 0.312 58 0.243 0.884 0.669
38 0.490 0.653 0.333 59 0.237 0.897 0.684

F g = (199 8) x 958,

Aq: FUdgdeFE WEAE, 20059 124,
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Haivhetoi7 M8 HM1=

P A7
A | A
A= A =4 Fo &
1995 943,468 1,052,602 577,126 - 577,126
1998 1,095,773 1,439,751 785,159 841,170 628,839
1999 1,290,706 1,607,129 960,552 1,018,510 773,458
2000 1,362,754 1,685,479 1,010,098 1,059,371 844,164

2002 1,525,342 1,816,554 1,058,575 1,095,269 947,853

2004 1,583,176 1,856,353 1,065,592 1,099,420 966,382

2005 1,586,424 1,875,458 1,074,539 1,109,098 972,024

F:d 129 7E.

. Markov chain = &=AH 3%

Markov chain A7k Zfel| wlel MAYsl= ZJe] ko] o]&E (transition
probability)e] He|7} dAst7] A AJejelnt oEdt= FEZ (stochastic
process)°]th. Markov chain- —ff‘??} |9k Ao gk A o] oA Tkt
wole] &&= tE4 gEIHY 2ot
1582} Hoem (1977)& LEZ}-J dAA AR e FH doldle 2271t
13h= =571t ™ (work-life expectancy)2] AFg <l Markov chaing o] &3}
IHES =9akt). Markov chain =8 ol 222k dolgle Aol

=

(active) @ H] =% (inactive) F AENZ Ho|sh= Markov #Hg o]t} .

d

rlr fr Lo

)

-
I

4) defl= Abdolete Al3e ezt 3l 221y Hoeme AHY BHiE aeishA] &L o] &
< Asta Uzl AVgEER BAshe A2 S st )
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G 1) delf 24 oSt AFARE

S1 A 1

S2 >
3 AR

=AY i (work-life table) 28X =% (active) AEjol] M= AlZto] %

1ot} v= =%EA = BLS(Bureau of Labor Statistics)E
Smith(1982, 1986)°l 28t 7] Wolfbein and Wool(1950)2] ¥ il H
Rl Al A -g-o] 7}*‘?ﬂ Hoem(1977), Schoen and Woodrow(1980)<] Markov
chain =5 A WHES Qs

Markov 2} ol % *oEH/] TFe BT mEFeIH i, j=1,
xAlol] iZdeiell 9l ZiQle] iR A3 = A ol e EE %t—%ﬁ] ZolgHEo]
2k sh py = Ve

X*ﬂ"ﬂ 104 Edstod x+nAllofl o] 27] 74A] ] jell w

T ey Tt 2o] -9 Ho|gE9] AZo= vehd & slon AFARE

(SOJOlll"n time)o] 2k e}

e [ ot @

AFATEE =) Folghge] Arow Helgglony te 1T go] AR
[x, x+n] 2} pi Aole] WA S ofnjgiey,

5) £ daollA 219 71 SAA = Hoem(1977)2 thi-& w21 v},
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Haivhetoi7 M8 HM1=

aE 2) AFARt e, (0 # )2 TRHE

i
‘i Y Px

X x+1 x+2 Xx+n—1  x+n

=

Hoem(1970)914 7]%= 3 91%0] Markov chaindl|A] o2& ple A& xd
thall Kolmogorov 31274 o= AofH e A7kt 7771 (0,1 R oju] &
zt=t)® . 2822 Hoem(1977)< t- ‘47#] HolgHE prolM t=1% 3slo] Az
1= HOIZE Py, Prct, Pros, ) Prrnr B NAH O Z Fota XA 2HH -4
Ho|8HE pl-& AFY 1-9A Ho)&E7} 23} 22 Chapman-Kolmogorov &

AlA el oste] Fatint.

—

m
lpij(: Z t—lpii pijﬂ—l, t=1,2,3,-,n (5)
s=1
4 (5)2 o] vl Aol skl FolAw AFARE The 4] (6)7} 2o] Al}
& FA o FX A ZAP R 78 5 Qi) v AolA] <1"ﬁ‘ 2>°] n7je] 7y
H Al & AA 5 dl 2 HERIT

n i ji
PP
el>l<n\ Z X+k=1]x ><+k—1\><E " 2 - (6)

6) Kolmogorov forward differential equation with constant coefficients in each age
group.
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)

2] (6)2 A AFAIRE el O] Hté @71z AFAIRE d sy 0] o' A%
AxTl X = x| A] 7] gholh, & A7 2
Ao 7]E F3EC ]Oﬂ gk *—]1 (6)= AH&3IT o2 2] (6)% 71
g, 53] w7 =F 8T BLSS WHEZS] #AE Kzl g
Hoem(1977)¥} BLSS] =AW E T8l 2] (6)2 22 AFAIH] Lhla)
+ AAEA] =T} Hoem (1977, p.13)2 nle] 1713 AlFAIZ €, €,
e.m5d 2 ()3 2 39 Q924 (backward recursion formula) &2 x4l Oﬂ

A AR AR el & AR,

He i ox

eJxn\ - ex 1l + Z. p x+1 (7)

=554 BLSE U 4 (8)7F #2 AW AH4) (forward recursion
formular) = AH&-slaL 3)\‘:} BLSY AW A#AAL Hoeme 7135 AA = YehiH
e A ()3 2k Al (7 A (8)9] AAAL Blwmaha 4] (7)d= 1-9H Ao]
gEo| AREHARE A 8)01] T ol ghEo] AHEETh 12 BE AHA] (8)

of| = Baste] thtA deo|gES $18 Chapman-Kolmogorov AA4] (5)7F A&
Hrt.
xn\ x n—1] + Z n— 1p|>l<( el:<j+n71:ﬂ (8)
k=1

Hoem®] 4] (7)3} BLS9] 4] (8)oll= T54 oz @73t 5 AFAIE g0l
AREE 3L QAR bl 7 Sl Hoem(1977)% 2 (4)el] elsto] e;,ﬂ-e— 3 @,Zi o7
T-SFAA T Wessels(2006, p.6), Millimet et al(2003, p.88)dl- & (& 4)9F 2
< elq TARE AMESka it (E 4)9] AR g ﬁ%o] e AF
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Haivhetoi7 M8 HM1=

= i#jole 2t el 0.58 HiEe Ao 7Py shs Ao’

(F 4) BLSS| CH27 12t AIFARZE €5 of 2AHA (m=2)

iNj active(a) inactive(i)
active(a) 1Xp+0.5%xp; 0.5%p;

O (F pHEi=jold pl=1, i+jo]d pi=00]gh= AH S o]-&3PH S
7} o] gokd e = UrE‘r‘é T3 ﬂr 21 (9) = DA AXE FRAfol| o] A
FAIZEe] Lduta] (6)olA n=1 1ol i),

P+
€= % 9)

2] (6)- BLS AW Al #1219 dnbd & vhat o] B 4= qih o714 3
WA 2] Chapman-Kolmogorov #1212} 2] (9)<] 2ldl| <Ja|A] fr=%t}.

m

eli n i:nTH: Z n— lpx x+n 1:1] (10)
s=1

- O 5>< Z n— 1px OpijJrn—l lpij+n*1)

7) “the standard ID(Increment/Decrement) assumption that a person who is
observed to be active at the beginning of the year and inactive at the end of the
year is active half the year , Wessels(2006, p.6).
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d><+n—1 X

0.5X (1petapy)

ol

o]
=

AR (©)9 8

o3
T

A AAE A (6)°] Hoem®]

9 &

o 2 (1)
NFA oz Holx 9t} 4] (7))

ox

4
o
o

o

ol

1

Ao A

(11)

]
H

s

[e]

sj
2
42

s

kflpx+1 +kpx+1
k—1 px+l —I_kpxﬂ

n—1
1
kpx+k+1px

2.0 2

m is
s=1 k
n—1

+ 20
k=1
-115-

1px —|—

2
HE2P£6)2 v] BLSO| 2 A

Opx —I_
()px —I_ lpx

k—1 px + k px
Markov chain

T

L

n

w3 ARG}, dAA 22 A
7HIAbE 7713 5 SAPE A9 T 22 dH o] WEd] whet At

SRATA =N 7Hd 2=

(6)2] FH

=
T

Markov chain =%}



Haivhetoi7 M8 HM1=

& Aolste Ao] Hydzolr} B3 7IiAks SAFAAM BEste] A =

15 4 Gt FNAFAIA /1AL BAE IS A4S FAAAA T
HEe] HUR ¢ A4 dolgle A2 el

olel% iiAtel T Aol @l FRAT BUR o] Rl FoF
A A, AGNYA L dRe9I St e A5E R YA AR §

Zoll 2 T2z B B4,

7R = d71AR AR W), A9 (R), th712HH) Al 712 B 2F o] 5=
(18 3)7} 2 Markov chain®. 2 7Pt 2 x4 iAelollA] x+ 1419 jAE =
AolgE2 p,, i, j=W, R, HE Yehdith, Ho|g&EL aRds AYFA Bd&
of FE 9HIR(2006)9] FHAE ARSI oM (F-5 Dol FE1%TH =

N AYFA 2L Aol 5ol AAE NAAFEE LRl 1)
AR AT AGFIAE BYAT)E AR A2 S 21102 I,

8) Wl-¢-A7F RIA T 7HAA] A5 A s B shddel ] AelEng A 4R
o] & tF-Ee] AgFH-5o] th71Ael sjdaitt. o] A5 FAE= AF 7t thal o

NAE Adss 497 2.
9) t71A= 60410 =Eshd 10 o4 7oA o] Qe A$
ol & gie HEEE F7] Feld g 92
10) dLsHAE 7149 B S AEsl) Sske] 7k3Al HlolE
o] gAo] ol& Aol

ulf
S
>
i
2 [0
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(g 3) =2z 71 JEf 24 ol=

pWR, p RW

v

712k H

oftt
o

Markov chain 2&o°] =% (active) ¥} H]
=% (inactive)&] F EFolA % AR, A1, di71Ake]
Al FFolth, 2BAE ©9)7|7E A FAIZEe] 2AR e gk Feoe thy (GE 5)¢t
o] A B 4= Q). 7h &L iZdelol A Alztsle] ©@e] 717 <tel] jdEf ol o
= AFAIE et

(& 5) 7 HFARE el of 2AR

iN] A R H
W P+ 0.5x (" +p™) 0.5xp™ 0.5xp™
0.5xp" P+ 0.5 +p™) 0.5%xp™
H 0.5xp" 0.5xp" P+ 0.5x (pM+p")

H

ok w7 uke} o] 9o} e W77 A FAITEY] A S ALEEE S
bk A A 8 nA|zE F A FAIRE ey S BE 58]
o] wl xAldl] iAEle] 2= AMolo] x+nAll, 2 (x+n, x+n+1) 7|7}

Helqe] AFAZE AL, & e 2,

i

il
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0.

(O 4) A Al &FARE d)

1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

0.0
28 30 32 34 36 38 40 42 4 4 48 0 52 M % 58

SSSSWWI o WW2 WR1 -meeeee WR 2

-xeoz 719l 7ielxl

1.0
0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

0
28 30 32 #A 36 38 40 42 4 4 48 50 52 M B 8

-7 RW.1 RW 2 RR1 = RR 2

F Wk, Rk k=1, 25 22 A% o] Aol vrehiinl, 2 Alctel 2 349,
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Haivhetoi7 M8 HM1=

< nege 7
homogeneous’ g+ 74-$-0] B2 32 oft} 554 FH e = A<
£ AlTto] AdAol ] AFAIZES 3]s o= B dA|she Afoln.

0.0
28 30 32 #4A 36 338 40 42 4 4 48 50 52 M B 8

T WW2 T WR2 RW2 =~ RR 2

U (& 6)2 (75 D] =0ds AGFA ZgolM AHHE dolghad) &
A2 (12)9] Akael) ofste] Aldke 71 A FAIE )L, olth FellA] A9 12 &
71 Aol A FAR W A 28 AG 1XER-E 2 ANE A 1Y
B2 G 71|t v (R 6)2 Yo' TIIALY] AR AR 72 7oA
ok e ti-SH = 7T R R Foass A4t 712t doh
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(E 6) B2 AME Mef HRARZE dy,

i A geA Al SEERES

P A AGL  A92] W7 dA | A AL AG 2| W7l | A

2005|28| 0.934 | 0.033 | 0.002 | 0.033 | 0.969 | 0.078 | 0.899 | 0.048 | 0.023 | 0.149

2006 29| 0.823 | 0.088 | 0.007 | 0.089 | 0.919 | 0.209 | 0.725 | 0.057 | 0.066 | 0.332

2007|30| 0.745 | 0.126 | 0.018 | 0.129 | 0.893 | 0.295 | 0.605 | 0.088 | 0.100 | 0.483

2008|31| 0.690 | 0.153 | 0.030 | 0.158 | 0.878 | 0.348 | 0.524 | 0.104 | 0.128 | 0.580

2009 132| 0.648 | 0.174 | 0.033 | 0.178 | 0.859 | 0.382 | 0.469 | 0.089 | 0.149 | 0.620

2010|33| 0.616 | 0.191 | 0.042 | 0.193 | 0.851 | 0.405 | 0.428 | 0.093 | 0.167 | 0.665

2011|34| 0.590 | 0.204 | 0.050 | 0.207 | 0.846 | 0.420 | 0.397 | 0.097 | 0.183 | 0.700

2012135| 0.567 | 0.215 | 0.057 | 0.219 | 0.842 | 0.430 | 0.374 | 0.099 | 0.197 | 0.726

2013|36| 0.547 | 0.224 | 0.066 | 0.229 | 0.841 | 0.435 | 0.356 | 0.104 | 0.210 | 0.749

2014137 0.529 | 0.232 | 0.072 | 0.239 | 0.840 | 0.438 | 0.341 | 0.106 | 0.221 | 0.765

2015138| 0.514 | 0.239 | 0.080 | 0.248 | 0.841 | 0.438 | 0.330 | 0.110 | 0.232 | 0.780

2016|39| 0.499 | 0.244 | 0.086 | 0.257 | 0.841 | 0.436 | 0.321 | 0.113 | 0.243 | 0.792

2017140| 0.485 | 0.250 | 0.092 | 0.265 | 0.842 | 0.433 | 0.314 | 0.116 | 0.253 | 0.802

2018 141| 0.472 | 0.254 | 0.098 | 0.274 | 0.844 | 0.429 | 0.308 | 0.119 | 0.263 | 0.811

2019 142| 0.461 | 0.258 | 0.102 | 0.281 | 0.845 | 0.425 | 0.304 | 0.121 | 0.272| 0.817

2020143| 0.450 | 0.262 | 0.110 | 0.288 | 0.848 | 0.420 | 0.301 | 0.126 | 0.279 | 0.826

2021 |44| 0.440 | 0.266 | 0.116 | 0.294 | 0.850 | 0.415 | 0.299 | 0.130 | 0.286 | 0.831

2022145| 0.430 | 0.271 | 0.121 | 0.299 | 0.851 | 0.409 | 0.299 | 0.134 | 0.292 | 0.835

2023 146| 0.421 | 0.275 | 0.127 | 0.304 | 0.853 | 0.403 | 0.299 | 0.138 | 0.298 | 0.840

2024147 0.412 | 0.279 | 0.132 | 0.309 | 0.854 | 0.397 | 0.300 | 0.142 | 0.304 | 0.843

2025 (48| 0.403 | 0.284 | 0.138 | 0.314 | 0.854 | 0.390 | 0.301 | 0.146 | 0.309 | 0.845

-121 -



Haivhetoi7 M8 HM1=
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2026

49

0.393

0.289 | 0.144

0.318

0.855

0.382

0.304 | 0.152 | 0.314

0.848

2027

50

0.384

0.294 | 0.152

0.322

0.858

0.374

0.159 | 0.318

0.852

2028

51

0.374

0.300 | 0.160

0.326

0.860

0.366

0.166 | 0.323

0.855

2029

52

0.365

0.305 | 0.167

0.330

0.862

0.358

0.172 | 0.327

0.857

2030

53

0.355

0.310] 0.176

0.334

0.866

0.350

0.319] 0.181 | 0.331

0.862

2031

54

0.340

0.316 | 0.186

0.343

0.869

0.336

0.324 1 0.190 | 0.340

0.866

2032

55

0.323

0.323 | 0.197

0.354

0.874

0.319

0.329 | 0.201 | 0.351

0.871

2033

56

0.305

0.332] 0.209

0.363

0.877

0.302

0.338 | 0.213 | 0.360

0.875

2034

57

0.284

0.344 | 0.227

0.372

0.883

0.282

0.349 | 0.230 | 0.369

0.881

2035

58

0.264

0.354 | 0.237

0.382

0.883

0.262

0.358 | 0.240 | 0.380

0.882

2036

59

0.249

0.360 | 0.246

0.391

0.886

0.247

0.248 | 0.389

0.885
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(E7) Zot AIEE 75 7llodet 7|ofols

re
o,

AR | A9 | A9 2 7K 719 A AR | A9 | A9 2 | 7 rlel e

28 | 0.934| 0.033| 0.002| 0.967| 0.936| 0.078| 0.899| 0.048| 0.977| 0.126

29 | 1.757| 0.121| 0.009| 1.878| 1.765| 0.287| 1.624| 0.105| 1.911| 0.392

30 | 2.502| 0.247| 0.027| 2.748| 2.529| 0.582| 2.229| 0.193| 2.811| 0.775

31 | 3.192| 0.399| 0.057| 3.591| 3.249| 0.930| 2.754| 0.297| 3.683| 1.227

32 | 3.840| 0.573| 0.090| 4.413| 3.930| 1.311| 3.222| 0.386| 4.534| 1.697

33 | 4.456| 0.764| 0.132| 5.220| 4.588| 1.716| 3.651| 0.479| 5.367| 2.195

34 | 5.046| 0.967| 0.181| 6.013| 5.227| 2.136| 4.048| 0.576| 6.184| 2.712

35 | 5.612| 1.182| 0.238| 6.794| 5.851| 2.566| 4.421| 0.675| 6.987| 3.241

36 | 6.159| 1.406| 0.304| 7.565| 6.463| 3.001| 4.777| 0.779| 7.778| 3.780

37 | 6.688| 1.638| 0.376| 8.327| 7.065| 3.439| 5.118| 0.886| 8.557| 4.324

38 | 7.202| 1.877| 0.456| 9.079| 7.658| 3.877| 5.448| 0.995| 9.325| 4.873

39 | 7.701| 2.121| 0.542| 9.822| 8.243| 4.314| 5.768| 1.108|10.082| 5.422

40 | 8.186| 2.371| 0.634|10.557| 8.820| 4.747| 6.082| 1.224|10.829| 5.971

41 | 8.658| 2.625| 0.732]11.284| 9.391| 5.176| 6.390| 1.343|11.566| 6.519

42 | 9.119| 2.883| 0.835|12.002| 9.954| 5.601| 6.693| 1.464|12.294| 7.064

43 | 9.569| 3.145| 0.945|12.714|10.514| 6.021| 6.994| 1.590|13.015| 7.610

44 110.010| 3.411| 1.061|13.421|11.070| 6.435| 7.293| 1.720|13.729| 8.155

45 110.440| 3.682| 1.182|14.122|11.622| 6.844| 7.592| 1.854|14.436| 8.698
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ik
AR | A9 | A9 2 PRI 719 AR | A9 | A9 2 |7l

46 [10.861| 3.956| 1.309|14.818|12.170| 7.247| 7.891| 1.992|15.138| 9.240

re
e

47 [11.273| 4.235| 1.441|15.509|12.715| 7.644| 8.191| 2.135|15.834| 9.779

48 [11.676| 4.519| 1.579|16.195|13.255| 8.033| 8.492| 2.281|16.525|10.315

49 12.069| 4.807| 1.723|16.877|13.792| 8.416| 8.796| 2.433|17.212|10.849

50 [12.453| 5.101| 1.875|17.554|14.328| 8.790| 9.104| 2.592|17.893|11.382

51 |12.827| 5401| 2.035|18.228|14.862| 9.156| 9.415| 2.758|18.571|11.914

52 |13.192| 5.706| 2.202|18.898|15.394| 9.515| 9.730| 2.930|19.244 | 12.445

53 [13.547| 6.016| 2.378|19.564|15.925| 9.864|10.049| 3.111|19.913|12.975
54 113.888| 6.333| 2.563(20.220|16.451[10.200 | 10.373| 3.301|20.572|13.501

55 |14.210| 6.656| 2.760{20.866|16.970|10.519|10.702| 3.502|21.221 | 14.021

56 [14.516| 6.988| 2.969|21.504|17.485|10.821|11.039| 3.714|21.861 | 14.536

57 |14.800| 7.332| 3.196|22.132]17.996 | 11.103 | 11.388| 3.944|22.491 | 15.047

58 |15.064| 7.686| 3.433|22.750|18.497|11.366 |11.746| 4.184|23.112|15.549

59 |15.313| 8.046| 3.679|23.358|18.992|11.613|12.109| 4.432|23.722|16.045

4R 02 FHAF 7
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7
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Abstract

This paper applies the methodology of Markov chain work-life table in modelling
the contribution behavior of National Pension insured persons. This model enables
us to model the transition pattern between types of coverage, namely workplace
based insured or individually insured in the National Pension system. It is well
known that there are significant differences in the amount of monthly contributory
incomes as well as in the intensity of contribution by types of coverage, which has
been major troubles in constructing realistic models of contribution behavior for the
insured persons. In theory, this paper proves that the backward recursion formular
of Hoem(1977) and the forward recursion formular of BLS in the work-life
expectancy literature have identical solution and identified the closed form solution.
The solution provides the formular for expected sojourn time at each age since the
insured person enters the National Pension system. The expected sojourn time at
each age also provides weighted averaged contributory incomes as well as the
cumulative insured period net of non-contribution period due to unemployment etc.
This Markov chain contribution model combined with actuarial pension benefit
model can make a complete probabilistic contribution-pension benefit model for the

National Pension system of Korea.

% Key Words: contribution model, contributory income, insured period, Markov

chain, national pension
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[ = 1)
AbEiZF o1d FMolgtE p)
2 W R H
W R H W R H W R H
28 | 0.868 | 0.066 | 0.066 | 0.156 | 0.797 | 0.047 | 0.172 | 0.061 | 0.767
29 | 0.875 | 0.062 | 0.063 | 0.151 | 0.804 | 0.045 | 0.127 | 0.054 | 0.818
30 | 0.882 | 0.068 | 0.060 | 0.132 | 0.823 | 0.045 | 0.113 | 0.049 | 0.838
31 | 0.888 | 0.054 | 0.057 | 0.115 | 0.842 | 0.043 | 0.117 | 0.046 | 0.837
32 | 0.892 | 0.063 | 0.055 | 0.105 | 0.853 | 0.041 | 0.108 | 0.046 | 0.846
33 | 0.897 | 0.061 | 0.0562 | 0.099 | 0.860 | 0.041 | 0.096 | 0.045 | 0.859
34 | 0.900 | 0.049 | 0.051 | 0.093 | 0.867 | 0.040 | 0.087 | 0.043 | 0.871
351 0.902 | 0.048 | 0.049 | 0.088 | 0.872 | 0.040 | 0.078 | 0.043 | 0.878
36 | 0.903 | 0.047 | 0.049 | 0.084 | 0.875 | 0.041 | 0.075 | 0.043 | 0.882
37 1 0.904 | 0.047 | 0.050 | 0.081 | 0.878 | 0.041 | 0.073 | 0.042 | 0.885
38 | 0.905 | 0.046 | 0.049 | 0.077 | 0.881 | 0.042 | 0.067 | 0.041 | 0.891
39 | 0.905 | 0.045 | 0.049 | 0.073 | 0.885 | 0.042 | 0.064 | 0.041 | 0.895
40 | 0.905 | 0.045 | 0.050 | 0.070 | 0.887 | 0.043 | 0.062 | 0.040 | 0.898
41 | 0.905 | 0.045 | 0.050 | 0.068 | 0.888 | 0.044 | 0.059 | 0.039 | 0.901
42 | 0.905 | 0.046 | 0.049 | 0.066 | 0.891 | 0.043 | 0.058 | 0.038 | 0.903
43 | 0.906 | 0.045 | 0.048 | 0.064 | 0.894 | 0.042 | 0.057 | 0.038 | 0.905
44 | 0.905 | 0.046 | 0.049 | 0.060 | 0.898 | 0.041 | 0.055 | 0.038 | 0.906
45 | 0.906 | 0.046 | 0.049 | 0.059 | 0.900 | 0.041 | 0.054 | 0.037 | 0.909
46 | 0.905 | 0.047 | 0.049 | 0.057 | 0.902 | 0.041 | 0.054 | 0.036 | 0.910

14) #g"1(2006) 8 A].
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2z W R H
W R H W R H W R H

47 | 0.903 | 0.048 | 0.049 | 0.055 | 0.905 | 0.040 | 0.052 | 0.034 | 0.913
48 | 0.901 | 0.050 | 0.049 | 0.053 | 0.908 | 0.039 | 0.050 | 0.033 | 0.916
49 | 0.901 | 0.0561 | 0.048 | 0.052 | 0.910 | 0.038 | 0.049 | 0.034 | 0.917
50 | 0.897 | 0.054 | 0.049 | 0.0561 | 0.912 | 0.037 | 0.047 | 0.032 | 0.919
51 | 0.895 | 0.056 | 0.048 | 0.051 | 0.913 | 0.035 | 0.046 | 0.031 | 0.922
52 | 0.894 | 0.057 | 0.049 | 0.050 | 0.915 | 0.035 | 0.046 | 0.029 | 0.924
53 | 0.888 | 0.062 | 0.050 | 0.049 | 0.917 | 0.035 | 0.044 | 0.028 | 0.927
54 1 0.862 | 0.074 | 0.063 | 0.049 | 0.908 | 0.043 | 0.042 | 0.025 | 0.930
55 | 0.856 | 0.082 | 0.062 | 0.049 | 0.912 | 0.039 | 0.043 | 0.025 | 0.930
56 | 0.841 | 0.093 | 0.064 | 0.048 | 0.915 | 0.037 | 0.043 | 0.025 | 0.930
57 | 0.815 | 0.112 | 0.071 | 0.048 | 0.916 | 0.036 | 0.040 | 0.022 | 0.935
58 | 0.825 | 0.105 | 0.069 | 0.047 | 0917 | 0.035 | 0.037 | 0.019 | 0.942
59 | 0.825 | 0.105 | 0.069 | 0.047 | 0917 | 0.035 | 0.037 | 0.019 | 0.942
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CEY)
Arefzt iz Chei Holets pl
W R H
T3
W R H U R H W R H

28 | 0.868 | 0.066 | 0.066 | 0.156 | 0.797 | 0.047 | 0.172 | 0.061 | 0.767

29 | 0.778 | 0.110 | 0.112 | 0.262 | 0.653 | 0.084 | 0.258 | 0.101 | 0.641

30 | 0.713 | 0.141 | 0.146 | 0.327 | 0.557 | 0.116 | 0.313 | 0.129 | 0.557

31 | 0.667 | 0.164 | 0.169 | 0.368 | 0.492 | 0.140 | 0.358 | 0.152 | 0.490

32 | 0.630 | 0.183 | 0.186 | 0.395 | 0.446 | 0.159 | 0.388 | 0.171 | 0.441

33 | 0.602 | 0.198 | 0.200 | 0.414 | 0.411 | 0.175 | 0.408 | 0.187 | 0.406

34 | 0.577 | 0.210 | 0.213 | 0426 | 0.384 | 0.190 | 0.419 | 0.199 | 0.381

35 | 0.556 | 0.220 | 0.224 | 0433 | 0.363 | 0.203 | 0426 | 0.210 | 0.364

36 | 0.538 | 0.229 | 0.234 | 0437 | 0.348 | 0.216 | 0.430 | 0.220 | 0.350

37| 0521 | 0.236 | 0.243 | 0.439 | 0.335 | 0.227 | 0.432 | 0.228 | 0.340

38 | 0.506 | 0.242 | 0.252 | 0.438 | 0.324 | 0.238 | 0.431 | 0.235 | 0.334

39 | 0492 | 0.247 | 0.261 | 0435 | 0.317 | 0.248 | 0.428 | 0.241 | 0.330

40 | 0479 | 0.252 | 0.269 | 0.431 | 0.311 | 0.258 | 0.425 | 0.247 | 0.328

41 | 0466 | 0.256 | 0.278 | 0.427 | 0.305 | 0.268 | 0.421 | 0.251 | 0.328

42 | 0455 | 0.260 | 0.285 | 0422 | 0.302 | 0.276 | 0.417 | 0.255 | 0.328

43 | 0445 | 0.264 | 0.291 | 0.418 | 0.299 | 0.283 | 0.413 | 0.260 | 0.328

44 | 0435 | 0.269 | 0.296 | 0.412 | 0.299 | 0.289 | 0.407 | 0.265 | 0.328

45 | 0426 | 0.273 | 0.302 | 0.406 | 0.299 | 0.295 | 0.402 | 0.269 | 0.329

46 | 0417 | 0.277 | 0.306 | 0.400 | 0.299 | 0.301 | 0.397 | 0.273 | 0.330

15) (3% 1>24%E Chapman-Kolmogorov A#24] 2.2 F&19 2.
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2z W R H
W R H W R H W R H

47 | 0.407 | 0.281 | 0.312 | 0.393 | 0.300 | 0.306 | 0.390 | 0.278 | 0.332
48 | 0.398 | 0.286 | 0.316 | 0.386 | 0.303 | 0.312 | 0.383 | 0.283 | 0.334
49 | 0.389 | 0.291 | 0.320 | 0.379 | 0.306 | 0.316 | 0.376 | 0.288 | 0.335
50 | 0.379 | 0.297 | 0.324 | 0.370 | 0.309 | 0.321 | 0.368 | 0.294 | 0.338
51 | 0.370 | 0.302 | 0.328 | 0.362 | 0.313 | 0.325 | 0.361 | 0.300 | 0.340
52 | 0.360 | 0.307 | 0.332 | 0.354 | 0.317 | 0.329 | 0.353 | 0.305 | 0.342
53 | 0.350 | 0.313 | 0.337 | 0.345 | 0.321 | 0.334 | 0.343 | 0.311 | 0.346
54 1 0.331 | 0.319 | 0.350 | 0.327 | 0.326 | 0.347 | 0.326 | 0.316 | 0.358
55 | 0.314 | 0.327 | 0.359 | 0.311 | 0.333 | 0.356 | 0.310 | 0.324 | 0.366
56 | 0.296 | 0.337 | 0.367 | 0.293 | 0.342 | 0.364 | 0.293 | 0.335 | 0.373
57 1 0.273 | 0.351 | 0.377 | 0.271 | 0.355 | 0.375 | 0.270 | 0.348 | 0.382
58 | 0.256 | 0.357 | 0.387 | 0.254 | 0.361 | 0.385 | 0.253 | 0.355 | 0.392
59 | 0.242 | 0.362 | 0.396 | 0.241 | 0.365 | 0.394 | 0.240 | 0.360 | 0.400
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