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Abstract

Scenario population projection reflects the high probability of future realization and ease of statistical inter-
pretation. Statistics Korea (2019) also presents the results of 30 combinations, including special scenarios,
as official statistics. However, deterministic population projections provide limited information about future
uncertainties with several limitations that are not probabilistic. The deterministic population projections
are scenario-based estimates and show a perfect autocorrelation of three factors (birth, death, movement)
of population variation over time. Therefore, international organizations UN, the Max Planck Population
Research Institute (MPIDR) of Germany and the Vienna Population Research Institute (VID) of Austria
have suggested stochastic based population estimates. In addition, some National Statistics Offices have
also adopted this method to provide information along with the scenario results. This paper calculates the
demographics of Korea based on a probabilistic or stochastic basis and then draws the pros and cons and
show implications of the scenario (deterministic) population projections.
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A HAFE UN, OECD 53 22 SA7|F+= AFFAE AlUe] L (scenario) Moz I AAE A
Al ot HZ FAA (KOSTAT, 2019)% &4 (fertility rate), A8 (mortality rate),
Al ©0]5E (migration rate)e] AANAAY ] 7MY £& A5 (59 (medium)) 2} F52] < 52E<
#(high), A (low)9] 23 AlvEl e AHAE AFsAch AlvEL AFFAY FH2 54 ol&#
=9 A 8ol A7 WEkel 3249 HiEX(target value)E ZHgsto] FA7NE Fa Alg g
= AlF 7Fesitke Aot HEo] A YA (policy maker)] oJAEA I 22 59 e Wy
g 4 i wEf AdATFs/ol g £ RHORE golsirh. off o]f&E 3070 AU LE AAIsH
£ 22 eH(KOSTAT) S u]23te], 9= (ONS), A9 A(BFS), o= (CSO), EUROSTAT, 7ii}
THSTATCAN), 2tH(NISR), UN(2001d o] A7kxe] <l3A Ax}), B (NIPSSR, ZHARR] 2%
AFEAAT2), SLAFATL(MPIDR), 2AE 0} ATATA(VID) 5 ool ® Be thehEo]
AvE] 2 BALS e FAEAZ wEsk L ok
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StA| gk Alho, Lee, Lutz 5+ W23 of2] AFEAE0] Alvte]|L AFFA o thgt o2 dAHS A4
3 2t} (Alho, 1997, 2005; Alho2} Spencer, 1985; Alkema 5, 2015; Dunstan3} Ball, 2016; Gerland
5, 2014; Lee, 1998, 2004; Lee&} Tuljapurkar, 1994; Lutz 5, 2014; Lutz®} Goldstein, 2004; Raftery
= 2012, 2013; UN, 2017, 2019). ©]¢} #al® A AL 4742 Q oF 7F53}c}.

A, AFFA A WE 2719 F(measure of variability)& FHA R AT 4 glofof 3t
Aw vl e 23 Aok B4 vielel A8E 4 Ak s w tikE 59 s Boith Alhost
Spencer (1985), Keyfitz (1981), Stoto (1983)¢l] k=™ 119], A Alg]=el 3|4 FAHE HHL A
SAE HaF 9 AEX7F 29t AfAE=Y WA E Holvks AeE £F vty Hudich 4
AZ 2018 FASAHE 0.98%-2 2016 BAH FHAFLFAL S48 AHF-E(1.0%)Et Lok
o Ee ulele] 2244 (uncertainty, BSH4012 lefol ek 5 9l Aol oA A
AFHATT FAAE 5§l A)oll el Alve]e 22 AT "7t vjefol] A3d fAdol st g
E3 A4S UgA B3 A (Woo, 2010)7F lth. webA Keilman 5 (2002) 3 Lee (2004)2 1]
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AR, FATZE] 8] A4 (inconsistency) o]tk olE £ vl AT HFe EE5= 2FL 19
E2Hg, 19 FAol5E, A AHEESY 2Folth. AT o] 23 =dR ] (old age dependency
ratio == elderly dependency ratio, 654 ©]A}/15-64A] A= A1) 7} v A FA == EA14
= Btk thao 2 AR EA AgA oA T8she BA0E AlvE] (29 32.20)Q0 #H]-& Al
2] 2 (low cost scenario) 9] E4HEL 2 AT YFES, 19 APEEE e AT AFES Ve
Y A2 AE = 232 1At} (Alho} Spencer, 1985; Lee, 1998, 2004; Lee} Tuljapurkar, 1994).
ek AluE] L F2ol QA Fdn], B2 v]g2} 22 oS Qo 4B gle dE ARE AT
st

A, vlefs EFAnE v AFo] FLIA U ANAYE ALH R FAFHA g 7o
gl wEbA ol wiel wjEf A T o FEHE e & Qo] BLAA A, S
2 o)z okt o|HH AluE]Q 71k JAFFAE o7 ARl glerRE, UN (2017, 2019),
UNICEF (2017)9} 22 =471 79} £ utaZerg0 72924 (MPIDR, 2006, 2007; Li 5, 2007),
L2Ego vyl AFT4A (VID, 2016) 52 ofol thst thete g2 M54 (stochastic) 7|9k Q15
AE AAEI itk tEo] die AR =7 BAHNAME AEHOZE SFEEH A7FA YIS =Y
3= FAl ot} (Statistics NZ, 2016; SCB, 2006; ONS, 2009).

meta B =822 2y} AxEAE FEER Jule g EE By AU AFEA 9 vlwd &
23 v nE T ANES &3t k. 28 B AT the 22 Al AYATES AE
gt A, FEER AFFAY AvEl e FEHY Ao|ds AdE A8 Ave J°o
AZ2aYPoz FHI] AlEH AR wd A= Utk oEo] Alvele AFFA st A
AE Ho|i TEEH ATFA E847 &8 Attt A, UN (2017, 2019), Booth
I8]31 Lee (1998)7} A|A S FEEF A7FA +EHIE th2A WA AWzt 38 d(Lnksiga

O O
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kR 3 (generalized log gamma model; GLG) (Kaneko, 2003)9] £4H&, LC-ER &3 (Lee-Carter
method extended with rotation) (Li 5, 2013)¢] AMYE, A AE X (functional data model;
FDM) (Hyndman 5, 2013)¢] 5AolF)o] W8 45 A-E3 A58 E (predictive distribution) S
BRI ooz £2H ASH(AA)S HEWSHH] o] FES UWOE A™s FFE 24l
H(cohort component method)ol] 2& & FANLE T&5= AL WHEogzH SEEZF oAF
FAE A3t o] WL FEA dSoA dutgoz AN EE A2 WU (statistical method)
(Hyndman¥} Ullah, 2007; Hyndman¥} Booth, 2008; Hyndman 5, 2013; UN, 2017), A&7}

H (expert judgment method) (Alders3} De beer, 1999; Luts2} Goldstein, 2004; Luts, 2009; Luts 5,
2014), 7 o= 22 4 (historical forecast error method) (Alders¥} De Beer, 2004; De Beer,
2000; Keilman, 2005; Keyfitz, 1981; Stoto, 1983) 5 $71% #ol sjZH .

B =52 AE3E A7 p3E H3 T 419 Feg Azt Al 27%eA e AvEle dFFAR
Dﬁﬂiﬂ— ZAAR 22 7| (deterministic population projections)2} ujejo] A= 7]»—?:5_ W9} o)
8 A7 e FES FAFLR HAske SEEA AFFALY AolE 2HE, o5 APAT
=& 2%t 37 et v el tiE FEEA A7FA PHE x“lo}] A3kl ]b}
2 Q AFFA L} vlwert. 223 ATl e QIR polet T3 A FLE o] £ ApolE
ARog st a28|1 480 AdT A £ AT AR FFATHFS A Al gt

<

_7'<_

Dunstan¥} Ball (2016)°] W29 JAFFA= FEE4 AFLFAY it fojoln, Altg|e A3F
At FLe S FLET o= E4HE, AIYE, FAClFEY AT AHES 2¥ete] o
o] FAE A&t Weltt 281 ks AdrbeAd 2 AlvE L JAFFAE AR UE Tt
o) 23 Aolth. T2 1, B9, A ARl AZT Bpel ALz AT FAATEA
yz3 23048 T331%] 2y Figure 2.19] (b)x& A=A 9l ¥4 (quantified way)2] )
o] t}-2 &5 (5th percentile, 95th percentile 5)& R o]FX] Z3tr}. o]& &84 o3 Lee (1998,
2004)& 87HAZ ER/3ta Stk A WA, HARXEANA Qdal, f4F Adui el 22 AofjoHELE
QI FEA A A ANA ALA(event) 22 AHolw 11 A A 2 (deterministic) 0| A] 9431 57 (stochastic
or probabilistic) 22 WAHCT}E o0& 7]7]ele] rol @J?(ﬁmte population) oA E4H&3} AJEE
o] AL BN SEAHQ sacth F HA, AFFANA A7 Ao mhE AST 5 = W
B2 AT A5 EFHALE Feoe 583 delolth. Al HiA, oS Wb o] Folo)E 1l AR
< AYA Az oA AlZECE AT AAEE SAHLFE WASK Stk v AR, BY A7 QAT
FHEALY 2SA AP, 5AE M E W= 3 59 AR 7R ohgt o] & AFR ARt
BE HES 2y 58 ALsle] S5 u 2E2H AUt AR e $ Utk dutd o= 259 ¢
“d (completeness) o] €2 A¢ BE5d 2y, A5 AS5X7F WEE o] i AL sido] nfox X
SHTE 7o) FElFolR Xa A% H]E—/F 5'—%3% 7913%]"’4' oA AR, 2y A5 7 AW B
71]]xq Ao g BTl 2AHET B AAlE EEAAE 7 AT o)& A& 2844

olojZtt. oA WA, & A7 TSt 7]' OS2 AR T A-bH oMEA FAE
34?}‘3}- oAl & 5ol A4 W37} gAY, o, M2 FA o] 71 5o th¥et A5 AlEw ol AgT
AF WA, Ao 24 Wslke] Eggoltt. &, 2047] 49 AL R Y, 2L 59 7]
9] Nk, Alek A 52U FAE AL S0 2 WeEE 2 HILE Tt ZEo'
A, 2un], 2K T3 T2 AL Ao R} v B0l olF 8714 B84 9A
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(a) Deterministic projections (b) Stochastic projections
. o Milhon Million
1.5 15
10 70 95th percentile
Scenario 9 o .
63 Scenario § 6.5 75th percentile
Scenario b 5(ith percentile
6.0 Scenario 7 6.0
o= Scenario 5 25th percentile
55 === Seenario 3 55
Scenario 4 th percentile
50 Scenario 2 50
Scenario 1
45 45
40 40
ol s : . - : ————
009 2009 2029 2039 249 2059 004 2024 2034 2044 2054 2064
June vear June year

Figure 2.1. Comparions with deterministic and stochastic population projections (Dunstan and Ball, 2016).

vretell Als w2 A9t A
o AFFA Mol we MEAH 2719
g offo 11‘/} FERTS AT PR
pasashs EE A dlelEu 7&% 7} B S Sgsto] AP RPogHE F
25 = 71E 79 S84 —E—:TL_ o whe} AF3A FHHAT) (Boothe} Tickle, 2008; Lutz, 2009). ©]#
Al g o] ol Tﬂla M TTEQ NS ALFo TEe}. e}
A e Foo AT L MEA AJEH o)A AT} ofd 42¢lo] AAE AlEH o)A} 3
EFAL utE s Ayjolr}. o]d AFRRE ATT7|} U2 AT TRAQ WL FERIE AN
3tt}. o] Figure 2.19] (b)) o] £ (percentiles)Z A 27} 753t} o|E 9] Figure 2.19]
(b)& 25W A E95=(25th percentile) &= o] 94 B} e Axgioz 29 7lsAo] 25%0)2he=
As ojugitt.
A AR EA ATFAE vele] AdHEol vt suhe] 753 A AAE o, F97)F o
9], Aol vis) S-dairkae siAEHA od=th (Smith 5, 2001, Woo 2010). whebA wheF ojd £
A3 Agel e A3t o date] vls) AdiF o s Ad fdAel Eria dvhd YA AU e A
< ool tigk Ad Aol HolA & e FAE bl jlrk X thE AE S0 o159 Aol
A& AW EAL Figure 2.1(a)lME e} g5o] Avele 23] we 971x9] A75A4 <97} &
S2kee] obd S AmEgith o] Eelety] A FAA FeNdFEA (KOSTAT, 2016) 2 A B},
307HA ARl 23 &, AF R oz A9 5709 318 571 238 A"Ete] 20653714 31F
o] QAFFR(FAaFE(0-14A]), BAGEFAF(15-644]), FdZ (654 ©]4)) H3tY4S Figure 2.27
H ek B3ttt Figure 2. 1( )QP A Figure 2.2004 = 9] 5709} 89) 5709 <971 325
2 =97t v2A b AS # J% - %D}. 307FA AlvE L 91 1, 2, 3, 4, 59 3H9] 26, 27,
28, 29, 3091+ fradSolAe 3, 2, 1, 3}26 27, 30, 29, 28 <22, FAGFATFIAE 3, 2,
1, 5, 48} 27, 26, 30, 29, 28 <=0 2 Jé&fn’ %Ldvt 28, 29, 30, 27, 263} 5, 4, 1, 2, 3 £o.2 ey}
(Table 2.1). §3] 24359 55919 26591+ A FA AAE Bk tEeo] 307 AvEe
3 Ay F A1 35O w2 A4 (1)Q 3R (30) ¥ (interval range)E 3452 7H4 HAE 1:1]
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Figure 2.2. Trend on population structure for upper and lower 5-Scenarios.

Table 2.1. Rank of High and Low five scenarios by population group

Rank of high five

Rank of low five

Population group

1 2 3 4 5 26 27 28 29 30

Population R1 R2 R3 R4 R5 R26 R27 R28 R29 R30
Aged 0 to 14 R3 R 2 R1 R4 RS R26 R27 R30 R29 R28
Aged 15 to 64 R3 R 2 R1 R4 R5 R27 R26 R30 R29 R28
Over the age of 65 R 28 R29 R30 R27 R26 RS R4 R1 R2 R3

Source: KOSTAT (2016), Population Projection 2016; “R”-2 Rank& 9] u]&.
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2m, a9 232 FA 717k BE AR A tE ARz Ho Al AR AluEle
<= ez, FA 71208 v a3 =9 € Holsa, agla

OIAE TAA FAAFFAE BHEH AFFAL AtelL
ul] A2 A4 (consistency)=
HEA 379 & 28 78, Avge 334 o
HAZ el vigte]gdoltt. Figure 2.2+ Figure 2.1(b) X8 WHSA 3719 & 3]
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2.2. YEEH APFH P LY
& HolA= Ad AT A &l SR AdsH AT A7 FARE 7 = AHE
B OTEAS A7)StT AHEYTE oW L BERA LR LY HS AR AA]

A} sl Alho (1997, 2005), Alho$} Spencer (1985), Alkema % (2015), Dunstan$} Ball (2016),
Lee (1998), Lee2} Tuljapurkar (1994), Lutz2} Goldstein (2004)2 ZA 22 fjotoz FEZ% o
FAE AAZ. o]5°] AAshE 7 W e 47 otk AR, ASX 9} A oS 2k} 24t
£ &8 (past projections error)sh= WHO R A oS 2 BAolg} st} o= A AAS <
TSR} JAFFANA BRT $X|9} 51 de] Ad ASA| et vud of o5 HlaLelA] 1T AFE

Z9] BE2XE AE3E= Zolth. 94 ‘ex post error analysis’2}1l 3t} o] EELAEL A ¢l
T A Zo] st AE S =Esh=t AME 5 T

AT Woo (2010)-2 A #5H 2418 244 SHy A9 vl A& 22 E 7T
T e -] Jdou, A dF oA FE7 ANH o R AgAolghe A9 A5 WY Y 5
o 711t AIZke] Aol whet of| & A7 Aade MAd ol = AFsth A, FAA Ry
folth. FEdFFAE A7t I 2 3849 BEFANS BAF RYP0E ofFEE Jog, /N
250 §EEF BYoE FAHHIL I AR ASAE ZTE QAR H Lot FEEA A4F
AE AEste Aolth o€ 59 A% (KOSTAT, 2016)2 E4H&, AFEE, SAl0l5ES A2 e

EEekal vk Md 2950 HT FEEH RPoEE Al
*
A

Lee, 2005; Li 5, 2013; Statistics Canada, 2015; FDM (Hyndman3} Ullah, 2007; Hyndman} Booth,
2008; Hyndman 5, 2013))°] gltk. o] P2 FAA th&t AZAE 53l dSExE =52 5 Yot
£ AELE Joy By 258 98 87 ARV FEA 2o Adle @8790] BolA& AT
o] 9laz, wjeol A¥E g2 HA S 2 3 | 71z5to] WS 7S Jos
2 mgex AL} FAEE eSS FAT Aolets 7l 7128tk AA], vl AL 7HsAdol o
3 AEZFES AL vtdsh= ARV} I (expert judgement method or the role of experts in
defining uncertainty) o]t} w]2jol] dojd = Q= FE2 ATV B ASF Ao srhe= A
FATF (Lee, 1998; Billari 5, 2012)7} gt} o] ¥He EAA 23z nud u] Aoz 2159
et 7AYo 3R] AIRE o] HEVIE S ok SR8t AR7HEY dde] tAFH R B4R
d 7FsAdo] Hok= Aol Utk UA, Leslie matrix (Smith$} Keyfitz, 1977) 2" AF572] ¥
3} 29 384E FEWUSAYE T3 ZAojth F, FEHUTES AR e BEES 73] 44
gttt ol HR A A= mlef 3 DAY QAFE 53] 93] Y (random number) £} EE WS
(random variable) 878 +3& ARSIt ol AL TAHORE P oA AAE T B4
AZ WSt 54 v AA aEE N 89 S B BERE B9 oF8 ATt

Akl WA FAS 2eete] FEEH A =Ese &

¢

= =2
=T Aed vl 7 8 5 F

2 the golA 2,

)

1. ey = — 9 [
ol AL FEEA AFFAY F WA Wil Wl QywiE) 38909 E4F AMY, FAlolE o o
EAR 23} 1 Az Agch WA 480tk 482 GLG 23 (Kaneko, 2003)S &

s [e)
a- or -
d SRyl SEFxe S A8t ol FEZEEIS AREEt
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A HR wa 240 o2 Auo] g BAH WHS ol 4 Y Aol Atk 1L ALY
Z4H& (age-specific fertility rate; ASFR)2] sl€& AW3t7] 913 thgee] B3t 23o] 2vlwo] &
t}. o]E 243 232 Hoem % (1981)7} A3t vl =& A|9Jslaes BF A4 (exponential
family)< FEE WL Qlth. o] ASFRS thEFaQl Fefrt FdE4d®E S402 I ¥ & o
3 7] wiEelth. FAA (KOSTAT, 2016)2 ASFR 3 A GLG 232 F&3it}. 4] (3.1)2 GLG

2l B4 47 (Cy, p, b, NS E3ET ek

f*”:%%) exp[%@;“)—%exp ((5)

[
—~
w
[
~—

o,
)

o
;ﬁﬁ
2
ko
=
o
@r

N

’o‘

Jr?f
L
o,
=4
A=) m{y.
Bl o
AN R
r
_>‘.1_1’
o
rlr
M
&
o2
fu)
i -
id
k)
=
rlr
fd
4>
o
N

= ey .
A GLG 23L& Z4E59o ZAwA] (blrth order) o it Al 34 (regularity) S ¢Ho 2
33k A (Kaneko, 2003) 2.2 o]&|& 4= gt} HFHow 2azmugog R4S 243 & o] F
€ 47H BES AAE 2P0 AFsto] 531 o)F #e 2

ARAZ f2uels o Aol vls] 4 (infant and child)
NE NS AAHew asn, DAE) ATE ANS A BepAle AE A4 2o (declined
mortality rate with rotation) @Aro] ¥HAI3l It} (Horiuchi®} Wilmoth, 1995; Li®} Gerland, 2011;
Li 5, 2013; Kim¥} Oh, 2017). °o]AL F4d33 = d32 AHYE 74 #"o] W) (rotation)H =
Ao g Zlgrgo] Skl whel dAsta glom LC 23 (Leel} Carter, 1992) 0|4 A=d Ag
£ H3E Vel b 7F AIZE] Ade] met #etn QS-S ov]sith Ligt Gerland (2011)2 ©]9}
22 A4S APEE N aoiet B9t A1z Asle] uek A%5E AbYE AN ofddS wedst
71 Y& L E’_Q (In(mg,t) = ag + boke + €1,0)2] byoll 378 <=3 (robust rotation)& =3l F
FAH ol A% 48 7H53= LC-RR (Lee-Carter method with robust rotation) &2 A|3ks}
Atk 282 29 FHoll Li 5 (2013)2 LC-RR 239 3 ARLS FAsA HIE & & Y=
7 4] (3.2)9} &2 LC-ER E¥ & AFetdrt. &, ol LCEFA A7k wislol] dA glo] 44
of A7 WS 1ejd FEjE WEgt myelrt. a2|a $AH (KOSTAT, 2016)2 A, AAIA =
Aol FAFEE Q1 BT (ol: A=W)e] AFEES 1Est= LLE 8T LC-ERE %% LL&LC-ERS
ARketdtt. & A+ AAAFE A= Zo]BE LC-EREFH O 2 g A|o] APGE /A a A4
= Awstazt sint 0|9} 22 AFGE A i EAE Wrgstr] A8l Li § (2013)2 4 (3.2)9) 2ol
LC-ER 23 A3ttt

Ad}

o
-

In(mg,) = az + B Kt + €10, (3.2)

4714 Booe o) 0109 A8 AREQ LC 289 b, o} AE o) 23
e e Aol Bk A9 th5

|=J

by, el < 80,
Boy=q (1 —ws(t)bs + ws(t)by, 80 <ef <eg, (3.3)
by, e < ep,
bis—c4, 0<x <64,
by = _
E by x Dw60=6L  gp
bes—70

- SZ —x w0 =[5 {1+sm (Fevo - D))"
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ol LC B3 AZoA A%E AFdE 7N sido] mid 5L (be)dlthe BHE Kt
L}E]' FadSe AR, oAby, aeja A <
Z7F AT 2 A 7"‘61'3’- A, ?_7J o] Aol st A Foie} ofshe] wj ek

|55 Z 2 A E (genome project, FAAH HA)el olFAI So] Jfutgd wal 1
Jojg o2 w2 A P et ol @25 1BIY AFE i) oA A"
Bd wefe} fAbettt LC- ER 232 "‘_5_1 2070=r9] APEE B0 ZAA 2 7R
o]§3t 2 7HA] 7HEE 83t 4 (3.3)0] vER) glo] AR AFE A o

=g Alia o woh3t7] ]Z}Uﬂ/ﬂ 102%1]77]-741 A&, o] At S o

BE ARdA AFEE AANEL FEsh 2 o] Aol SIS Fotg ou]gitt.
383l Bed 01-4-4 AP g K+ 7ltieeo] mtf glo] 92 LCY kg vlusty &9 A7}
7V A2 Ko g o] A8l REEA R ALt R s2ditt. ol AP AXW b, 6094 tha =%
T 390 K HOR ef 2 A& 5 Ik 28la 4] (3.3)2 Ao wet &%

[y

N

e

o

ru

o

oy
o

e 2

ol X o -
i wo Hu o

ol“u.lki
L of o
[ [
>
o
e oo > 30N o

N

>
ot
o~

rﬂl
rlo

‘é— : ln(mz,i,m) = Az,m + Bz,th,m + €x,t,m,
A 1 In(ma, ) = o, f + BotKip + €at s

o371 m3} f+ 242} JAd (male), o34 (female)S 523t}

© 7 FAo]F o]t} Ramsay2} Silverman (2005)3} Hyndman¥} Ullah (2007), Hyndman¥} Booth
(2008), Hyndman 5 (2013)2 32 A5 24 sfeittdS AH8sto] &4k, AME, SA°15E &
22U |25 A% HEEA PR FDMS ADHRLE. 15 DI 2ATE 342
A8 2, 710, A 5O AT ARAN Hehhe $FAAL AAE DA A T4 A
SRS O]%fs]—o:] A (3.5)¢F ZE RS FHokL RS FEVWHE o83t (Kim} Oh, 2017;
Oh, 2018). Alotel FDM 2&e] T2= 4] (3.5)9 (3.6)»} 2t}

(f:(x)* - 1) C 0<A<1,
In(f/ (x)), A=0,

AZIA fi(x) AL 18}t A zoll A FAl ol SES mdtt f(2)2] Box-Cox (1964) ¥ f/ ()2
froll wet S71sks HEe EFAY BFE o2 AE Box-Cox My A ZEE Sl

fi(x) = se(z) + 0 (2)ét, o,

+Zﬂm¢] ) + ed(x), (3.6)
A7NA pla)e Y se(z)/nol 9151 F4W Fades Y A% e 2azASERTol
T, Bridi(a) (t=1,...,n, j = 1,..., D) B544 FAREAS Agae] FAFHIAY J < ne

1=
ARE TR Folth. @ = {d1(x),...,du(x)}= I FH FALY FFer Au 7AT
= (orthogonal basis function)©]3 B = {1, ..., B,y }+ BT FAE 5 (uncorrelated principal
component scores)S2] o g A|AE AL

%-4
st AFH 2IFANEFE In fi(x)olal, si(x)E

21 (3.6)14 fi(z)E AT te] A% ol o BE3
F(smooth function), e;.= FHAOIL FLsHA 2ExH G EHTOILL, ou(z)= AT 9
A" zoll met Wohs 29 Folth. F, ai(v)a T B5Y ZIAFA 1 TEY F&H F4 Aol
HE5LR/E omgict. 4 (3.6)9] F WA A& ATkl whet M3eles si(x)S] WIE AYse e
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2 Sh} ol4e] FHE-S AFEHT FPCAS AMEdlo] BER TN 5 (0)8 Auds S48} v
FAE A2 28 2otk FDM2 A WA F4%00 Aashks 1akd 4 dsixe o Al
AY BB FA% A47l £2UG. BE Ao FDM e 27 AAd 2RE AIC 53 22
23 33 750l o Aste Attt o] Bl tist Bt AA$ A2 Hyndman¥} Ullah (2007),
Hyndman¥} Booth (2008), Hyndman % (2013), Kim¥} Oh (2017), Oh (2018)& =34 Ht}.

EEER L@ @) @ = {61(2), -, 63(@)} &) ZAYZ fusn(@)9) hEA A

| (3.7)00 SIS £2 s,

fn+h\n(w) [fn+h )|Z (I)] = N )+ Zﬁn+h|nﬂ¢]( )s (3'7)
Jj=1
7] 1 rthin,s 2 Hyndman¥}t Booth (2008)°l 93t A4 & = ARIMA 233} 242 dwek A
ALRY S &83to] S&3 Brpn; 9 b DA A5 v 1?41 REFHEE2 IS Hol
BE ﬂlé-ﬁr S 2] (3.8)3 Zo] & 7s3ith
J
by nin () = Var[fuin(@)|Z, 9] = 03 (2) + D tninin,;6; () +v(@) + 07 (2), (3-8)
A71M op(2)E (@) A, Unining & ButnilBris - By EAITE T2 v(x), 0 (x)& 42

er(2)$} ov(2) 8] EAteltt. B =72 FDMo =z EA4317] 93] FA=ZZ 33 RAA Als-3= demog-
raphy 3] 7] x| & &-8-3lt}.

AF7H] aE 37HA] B3P oz QT 3829 &4k, AFE, olFel thsll 2067d7HA] &S =
=35k, ZF oASgkel tiafiAl ROl rnorm3} replicate 35 %%3]'04 v 2F44E B9 (5%
+ rmorm (FEWS 4, B, EEHA s S o2 S48 B4 Co Ui R3] d7
£ 278t AE5gke] S YRE(50th percentile)ol] thejA FEHTE Oﬂz¥7} 2712 A A4
3t & C(%%}ﬁ)+rnorm(n—length( (Z597h)),mean=0,sd=0.1~0.2), o]t F2r$] 4§ (randomized
experiment)Z n¥ ¥HEslo] I ARG WEHE A5geitt ofls RIS Y75 47%h

temp. replicate(n,c(F ¥ 7k)+rnorm(n=length(c(Z ¥ %k)),mean=0,sd=0.1~0.2)
n< WHE= 2 vl A& (trajectories)S & |

3.2. EEEH QI2FH A

ol HoA vl EFAALS T FEEF AT E A=t

WA vt S-S 185 47] 249 GLG B9 tisl 2 248 Z R replicate®} rnorm g+
T2 dS7hel BEAAEE wkdsttt. I A3} Figure 3.13} Zro] Yyepdt}. o]& Z3E GLG 9
gl 43ke] 2018-2067d ASFR-S 4H 3] total fertility rate (TFR)S =&3%F 231+ Figure 3.29} 2t}
Qo] WE ve] TFRE Ho2 ol shte] 9o 403} ol 742 50% Mk2ahdl Figure 3.2 A¢
agez yepdtt. o] Aake & oA 4713 Figure 2.1(b), Figure 3.2 39-2] UN2] WPP2019 2
el FARS BRoETh wek 50 vHE3SE SURA7IE FEF UV AWEHA EAIE Y, Figure
2.1(b) A 42l ¥ FHE wA At

o2 LC-EREE O AMYEE (1 — AEEE), FDM ZA 0|52 &3S T8 RYPo= &
Skal, E4FE o] &3 PO R o] 5ol thel EEAYS whadsith. o]59 ¥ Figure 3.3 Zth.
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Figure 3.1. Stochastic projection on 4 parameters of generalized log gamma model.
2OoR F2, A, 059 ATWE 329 nle) B e S RZRRE shpy Agoz 49
&%, 72 e ZEELAYel tgs FAATE A HAL WEle] nle) Q7o) WAL A
gct.
ASRET AFH AL F2o] Be) Auele g =UFORA ATFAC FuE BHANS
aeshe B FEA AFFAY B¢ LﬁLtﬂE 215 FHES FEUTE HAFToEN EFA
‘3= Wk (Alho®} Spencer, 1985) %ttt Hrh FAA o7 54 QAFFA A ofd I 2] vl
ASAEE ATAo2 ASTIAT $AL FRLLE AT TEAL= LI, AT A 22
B F2 TGHS A ASAR o] EFNE 225 o] FEA AFFAY 2L olenh 2
AARo7 F5F H2o A AdFHE 95T #HHYE 2459 AR E (joint distribution) & &
sh= Zlo] S23F Aol "tk
T QA OR BE RS AYREE YAt B4, AT, A7olF Aold] B4
7Hgoll 71Zste] AL o] MeSuhe 1B gt Fixg etk e H 3T (Woo, 2010).
b 2 swolile 24 2% el A RYPor ASgS St o5 d5#He] £AE RY
rmorm} replicate B4 L34} vlch BAULE ZAAN AZLLE BHYL. GeA ol21T 2
Ao] AabA 2 Rz=Z 139 replicate, rnorm3} Leslie 3 & &2 2] (Leslie, 1945, 1948)& 283k}
oI 3A AL B4E AR AFAOL o] G N6T7A AEE FAAPEA A Fig
ure 3.19] st} 2t o]E A o HollA Agd AAHEA AFFAY] WA SEA AP &
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(a) One of TFR trajectories and 50th times replica- (b) Fertility rate for Republic of Korea of WPPs
tion 2019

Figure 3.2. Stochastic projections on total fertility rate.
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il Z 1

= o) st o)™
JJrOM ShEE AR S AFFAS gHeF Aot} OlHﬂ é*— u]alu Eg44E 28ty 27
oYt AAZ E4H8E A¥EY 2000 o] S WHESIL 1 FHIZoE 0 5

I Aok sHARE FEEA A7 A= Figure 3.34 3 thst A4S Hojxa ok &,

273 2re thofst AAL Kol ok UiA], odZ2 o xE 71 AFAA T 274 EA o)t}
WA} FAFSE AN 173 3849 FEEA FAZATNE L7t EA%. 7 oS X ol= &4
S°] HESEL itk o]F X E 2HMA AFFAE =6t I A3 JA] AE0] ¥ A
ol o5 LA ol AABA A7 dEe] EAETE AN EEA AFFAE do' AAA
QA 7o AFBA A EBE s 2RE Al

ST AEEA ATTAL AN IFTATES VLT 9 Yk FAAR AFRPA 9
T3z A3 BFANA F FAYHES 4HREAE Figure 3.45 AR S0} 3AS(FadSE, AAES
A7, 652 ] AFFEUE Hehd Aelth THAAE @ 4 o] Akele A7 A o
B AR HARE & Ut olAF FEEH AFFAe AREH AFFANA A Koke
AgAQ FHE Bt o7 g Hasta ok
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Figure 3.3. The result of stochastic projection on life expectancy, net migration, population by gender.
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l!lal 50's population Trajectories for total up to 2067
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(a) Deterministic population projection by KOSTAT (b) Stochastic population projections
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(c¢) Trend of population structure on three ages-groups(0-14, 15-64, 65 over) by two different projections

I‘éﬁ-’}’aﬂ? LEE 50's Trajectories on Three Kinds of Dependency ratio up to 2067
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(d) Dependency ratio by two different projections
Figure 3.4. Population, trend of population structure for three ages-groups, and Dependency ratio.
F: RAUPUH = 0-14M/ZHEEI, CULH] = 65H 014/ AMBET, BLYY| = RAULYY| + LU,

Al2: SAA (KOSTAT, 2017, 2019).



198 Jinho Oh

add FEEA AFFAE S7HEAY FAFAR e 2 A ARl ok WA Woo
(2010)°]l wr2d FE24 AFFAE N d7AES 74 Rl Bde Ze Wl 2He 9w
£ AFe] AR F7kol| o7t T4 A AFFAL] B HaHoln 2ZHY AFFA 2L Al g
gt teo® SAANEAES £2E okl wiwel 4 olsid < A

A ske] oF Jths Al ko] Atk Ty FEF AFFA N vls] AluEle 7wke] 2R EH AFFA
BAAMAY 2L 9] o] ALEol B3l Welt SAHES AL e AL FAE e jlen, A7
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Tole Aol ity Toz AAEA AFFAE ALt o) 4

TRl old W FEEH AFFAE FRAEG: dojd TheAdel e A
o FEE e, e ol AhA R b ot
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geln Jee FABATH
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