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Trend Extrapolation Methods for Small Area Population Projections in Korea

Sang-Il Lee* - Daeheon Cho**
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Abstract: The main objective of this paper is to provide a detailed discussion on possibilities and limitations of
various trend extrapolation methods for small area population projections. Trend extrapolation methods are
grouped into three categories, simple extrapolation, complex extrapolation, and ratio extrapolation, and are
subdivided into 11 techniques in terms of how much past information is utilized and how to depict the future
trend. Those 11 techniques are applied to a case study for two districts in Seoul, Nowon-gu and Songpa-gu. Main
findings are as follows. First, the more distant future the population projection is done for, the more variable
results the different extrapolation techniques yield. Second, polynomial curve fitting and logistic curve fitting
techniques appear to be relatively less efficient for small areas having experienced a rapid population increase or
decrease. Third, some ratio extrapolation methods seem to be relatively less suitable for small areas which have
been largely deviated from their higher-level areas in terms of the amount and direction of population growth.
Forth, ARIMA models work better than any other methods for small areas having experienced a complex
population growth pattern. The study offers two lessons to improve the extrapolation methods’ practicability for
small area population projections. One is that an eclectic perspective is needed to harness projection results from
multiple methods rather than depending exclusively upon a single method. Second, small area population
projections from any extrapolation method need to be controlled in accordance with projection results for
higher-level areas.

Key Words: Population projection, Trend extrapolation method, Simple extrapolation, Complex extrapolation, Ratio
extrapolation, Cohort-component method
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whEpa] B Ao 8 H-L2 FALiHo] -2
et 229 QT A1l disl 7= s HE
sk Aoty -0 R, ALKl I 4|
719 AAol| A ZFR|Sk= 1ol sl A7igct 1
Il LA AR ol Sk oheel 519l 7=
o] EAS Smith et al.(2013)0]] &JAF gk}, 2+
5] FAlQH el AAdS vt Al
FRISERIE] gt Q4 FAIE 8l AlAIgieh vt
Auro g2 A4S 7T SIS EESlth

Il 2K Q17 =7 7|H2EM2| FM|2IHH
1.e1 £ 7ol 28]

A9 QI Ao 717 At
7] §l8ll S e R dagt AL 7HERE QI 4
7I5ell o' As0] o]
A5 wefshe Zloloh, 2H g
FA 7He E5cte AAE A :
Klosterman(1990)= 54 7|HS 37 ¢4t 7]
(extrapolation techniques), L3 E-Q 1% (cohort-
component techniques), FA&4] 7| (economic
analysis techniques)®] Al 7} 2 -FE3}3Ict. o] of
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FAeAEE =2A
tion methods), S224H (complex extrapolation
methods), H]&2]4 ] (ratio extrapolation methods)
O 72 U= bl 22 £ 1] Aejskd of
23 ZtHSmith et al.,, 2013). T<=APHS 1A 9
F AE(7]E AX(base year)?} FA| AR} A=
(launch year))9] 7 o83l 24 &2 34 g
o] mpetulE ghE == Wil ol& Agsl =4 =
3 A% (target year)] QI+ =& Fgsl= Aolck
2 A¥(linear), 7]5Hgeometric), Z|<*(exponential)
Shpalo] o] gHrh =4, EeHe oA d

7he] dlojEl=RE A4 Eo A e HHHE

=24 (simple  extrapola-

A =&3t) AEFAl(linear trend) 28 <]
o El‘ﬁz}(polynomial), Z]4=(exponential), ZA|AE
(logistic) A& (curve fitting) 7]'Ho] ow, 7k
7 B33t IEQl ARIMA(Autoregressive Integrated
Moving Average) %= AR-EILE AlA, vt
e A o] 22 2|99 QI v AHEE o] §
sto] QI FAE Adgst= Wlolh of7|ol= 1L
A-elF(constant-share), H0|-SF(shift-share), A
- (share-of-growth) 7|¥o] ZgHT}

N AL ] AdE AR Qs A=
A9 e dtel Fupto] St FAE Asgstarat
sict, 71 dlolel= A 201712000~20201)
H FRUEERIT dlolgolth (1Y 2). =Lt &
= 20008 A2 AL 257 5 QI RS
T ok 28y Ad 20687 w9 291 1
e S HolReleh =99 A, 20019
646,905"5 2. & 7o o2 T 2009~2010H- A<
slal Z]&2Q1 QI IS HolFa1 Q). 53] 2010
| 52 20161 ©]5= A 7 Ao AlgtEl=
258 HojRa Q) 20209 Q1= 523,037H2
2 49|12 slesiglt. oleks tiRA o Futs
o B9 S Bl Qith dAHoR =
QT 7 BolFAL QAR 2000~20049 74
(20044 Z]A 917 604,293 71=), 2004~2010W1->
S7H2010d00 Ztf QIF 685,279 715), 2010~
20169 74, 2016~20199- Z7}, wpx|efo g
2019~20201 1> 4> 5 AAe; S7PF RHEA o R
HhAgstar Sk, sEAIRE A 71Tt AR 3 AZA
A 71 Q157 B 5 7153 e HA1A
O 2= Rt 7k FAIE Holal Qlth 2020
A QI 667,960 08 o HB] AZAlA QI 7}
71 e G5 7155kl Sl

2000~2020%d 5<%t A=A A Q15-= 10,311,314
oA 9,668,465 0= FHaste], AEt A3
£ -032%E 7155k o] 71Xt Foll =¥ A
B ATEAE 095%S 7| =510] Z2TH(-1.11%)
of oJo] 7P QI o] L7t WRid it o]
o vlg| Fulo= AT ATALE 0.04% S 7=
sho] ZHAAt, Az, 2tof| o]o] 4915 7SS
w QIE7E Sk ) 7 toll EFE| ik Bk 22
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|, CUTE J1.88%E QG TAa &£%Ut 7P
2 15, $uls 023%2 Q1 57T 20 71
W2 S5 7SSl deFow, =e
7} A&F o)1 FHRAO R THASH= 713l ol
/\1]91%, —/g—,q-:fl‘— ;q;q]x% og

1E ol
o

e

o

T

i} =

Ag 2} (linear extrapolation method)2 Tf
o % 7%k AT 4 Wsks B FY Ak <)
F 4= wslol ela) ZHEks AL AT
5T AIFY] d4r2RE 1 71719 AANC(average

annual numeric change, HHZ})E AsloF

Years

LISEQIF HE F0[, 2000~2020H

B (Smith et al., 2013).

AANC = (P, - Pp)/y 1)

oA7|A P A A2 A% (launch year)2] QIF, P,
= 7|2 Al (base year)2] I, y= 712 717 H(base
period), & 714 AT} 24| AIRF AR 9] AxH(year
difference)E oJu|3lt}, o] 4=4]o] oJu|5}lis vl |
#f QI FAE feliM= A F AR QI B
7}R|3L Qlojof Fhrh= Hlojtt. Kt H 1A Q] QI
7h 718 AL QIFH(Py)7t Hl= AolaL, Bt 77t
= IEA 9 QIF7E A AIZF A1) QIFHP) 7} El=
A, Bt 7F7ke- 3pA 9] QIE7F HEEA] S=A] A]
2} Alo] ElojoF 3k "a = IAuk SAH oz
5 7Fst 7P 7k AlRe) QIS ARESHA
a1, 7 AL IFEREE QI A AlRSHE A

o] FejHo)7] wiEe| o|gA HHstA Hrh AE
0] 201597} 20209 IS &85l 20301H<
A 5 FATUTAL HH, 712 AHY Qe
201599] QIF, A AIRE AIE] Q1= 202019
o1, 7|& 7|7k 53(2015~2010)°] Hth =,
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AANC = (Pyg0 - Pyo15)/57} k.
AANC7} 4AF=E=H ths2] F-24]of| oA mlzf A

el T3k Q1 77} o] 2ot At
P,=P; + (zx AANC) (2)
7|4 Paz A =3E Al (target year)2] QI+, Py

2 A AR ARG QI zi= A 71K (projec-
tion horizon)o|t}. FA| 717+ =4 A)2F A1HY} 5=
Al H3E AR AzE Qulgitt. 9] A& BAbH
A 717+ 10(2030-2020)0] Eo1, Pygs0 = Pygyo +
(10X AANC) & &3l QI+ A7} o] Fof itk
A&A HlolEE ARgsto] o] 1E Arshd ot
23 2t} 2015~20209 QJI4-E HFRC.E 20304
Ol 1E FAsH= ZAol= g, 201540 7|2 AF,
2020 0] F=A] AlZF A]H, 2030d0] 4] B3 A1H
o] Hr A (DI} (2)F ©l-&5t] 20309 =t Q1
= sk ok Ak

(523,037 - 574,583)/5 = -10,309.2
419,945

AANC =
Pao30 = 523,037 + 10 x (-10,309.2) =

T Waoz 20309 Fut Qs AW
Cht .
AANC = (667,960 - 660,302)/5 = 1,531.6

P2030 =667,960 + 10 x (1,53]6) =

A= wid GupkEo] )17 F7Fe=AlE A
T AAe] IFREE oL, IAS S ARl
Foto] S7HES e &, A A AR A9
01?“3_ Argto 2a) B nlEf AL QIS =
ot Ageliie] 94?‘5 AF A E o}
% E42 7 319 A9 At A g BF
st AA| Aol ik g1 Tﬁlﬂ} FUpRITH=
Holck. A& 5o, A&A] AA| o] 7|HE A835
H 8,961,03390] ==t o= FYg 7S 2570
N8 ol Z-gate] A2 FAIke A} 53l

et

(2) 7I5teleE

683,276

718}+2)4 1 (geometric extrapolation method)<
D] g ATHIES 2] AR AP

ket 59 Aoleks e 7Pdgith 4, 71&
717, & 71 AR A ARE A 7k Asaty
ﬁ}tﬂﬂ—%(average annual geometric rate of change)

= =] Aol oA AR (Smith et al,

_4

2013).
r=(P/ P’ -1 3)
o714 P, Py, yi= A (1)O1A12] A olet Fdsict oF

o dlg Agshd, r= (P 2020/P2015)
o)) oL, ro] AHEEN theo] ZAle] o))
3 ulef Al tigt QI- A7} o] Fof Xk,

=P(1+71)* (4)

7|4 P, Py, zi= A (2)0ll42] oot Uity
olof] LA, Pyyz0 = Pygyo(l + 1)'00] Ht} 7]5}
oS Ageliat g, JiE skel 299 <l
T FARES] T2 A el gt ol F=AIgk
YA At

A& lofEle] H-8ate] 2030 = A+E
F7JohH th5a Ak

r = (523,037/574,583)° = -0.01862

P030 = 523,037 x (1 - 0.01862)° = 433,403

olz“s_]_—

A Ao & 20309
St At

r = (667,960/660,302)"° = 0.00231
Pgs0 = 667,960 x (1 + 0.00231)1° = 683,543

=)

OII

Fut A7E F4t

LL ot

it

(3) XIs-2&d

A= 2] 4+ (exponential extrapolation method)
= Z|skAt ol frARRHH|, Hat Al sk
(average annual exponential rate of change)2 A4t
3o 914t FA|of] TSt Smith et al., 2013).

= 111(Pl /Pb)/y (5)

A7) AZ|A Py, Py, yi= A (DOl Aot &Y
Shct, ool Z-8-81H, r = In(Pyg0/Pao1s)/57t Bt r
o] AFEEH thEo] FAlol oA ulf Ao of
gt Q1 FA7} o] o %tk



Py=Pe” (6)
A71A Py, P, zi= A ()01 2] Ao} 5dsirt. o
Oﬂ Zﬂ—g—ﬁ]—ﬂ, Pz = pzozoer % 100] %E]'

KA lofelell A-gste] 20301 =t JIHE
FAshel ket 2.
r=1n(523,037/574,583)/5 = -0.01880
Pagao = 523,037 x ¢-001880x10) _ 433 403

SF

T

o

JAo2 2030 Fuk-
ot

r=1n(667,960/660,302)/5 = 0.00231
Proso = 667,960 x 000231 x10) _ 683 543

75 24
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SEIEIES

A& el & 4 9ol ZIstelr
{ A

SPHE AL SUT S AHESH,
Z E

E2+eJ b (complex extrapolation method)2 T
ool Blsl o2e] AlI7EA] oA B Extet
), wabA o Augh W olth(Smith et al, 2013).
A, B 712 717kl tiet o w2 A
ARE SR TR Ao 718 Al
A AZE Al olEk= = A HolElE 85k
T S5 HE o B2 AR A dlofeE 2
8= ek FA4, vl At 3789 =2l FX ¢
Rt of= mlE QI HEef ek Hoh Fyle
7He A8 o= A sieth A, SAA s
3l ==d wEuEE Fo vl o A 1t
AL A4 5 ok 2By 7Y B
T ofgleE Shtetn, B3 7ol @4 ¢
T2 d5ge BT A2 oyt

E.ZP_Q]/U—]:H_O,] Z-LQ__Q_ Iq_.Q._O,] 31:}7_—“; ?—/K—]E]Iq-
(Smith et al,, 2013). 3 HA| TAofA= 7] 7|7F
ollA &2 2HA9] o] AR Aokl 1 AY
of gigt A& AR 7 WA dAM = 54

falLel AX| 0t RS ot YWRE O, 0] - =C!
%l 4~8] & (mathematical models)S 4Bl
A& (curve fitting)©]2til Eej= J.Péﬂ,%

g oetu|eE 43 e Byl
Qo] s, ] o] AeEle
o] 2o thgt 7HEstet mlef Q-

of gk Zd| & Hhgs}y] wiZolt. "ﬂ HA oA
M= o] Byt =4 aefu|EE o] &3 Q-
FAE At &, weito] AA dlolE &
FH =EH AANCH r& vl QI Ao 2=
Aotz A} nR7 A = B3 A glo]
HERE =259 2y gofu|gE vl Q- 4o
= &gt

rz

A AH9] dolE 2R ohat 2
28 (linear trend model)= TH3Ih
OLS(ordinary least square) &7+
TH(Smith et al., 2013).

o -
im r

Y=a+bX (7)

o714 Y& ¢15te)il, X+= AlR(fkE)olth = Tkt
uE =2 Al 5 b7F Hoh Sa% oulE 2
<8, #4E A8 77l 5, Wi bt
9| A7 AEA o FTRRItE ZE ouleith
ol MaAom AR eitge] AANCet U3 A
o=, 1 ge) 4 Aol tE otk

upetu|E7} S EE, v 40l 278 v
Aol tigt QI FAI7F o] Folxinh

=a+bX;+cf (8)

A7|A Paz A J3E AR QI X= A &

3E AJFO) 4S8k Al Gk (time value), of= 2AA
“*(calibration factor)0|t}. X= A F3t Alol|A
7142 AR(@A dlolE Y] 7HE o] AlR)S mial A
71° 1& E3F grolth o1& &°1 2000~20201 9] A
49 A dHlol"HE F8l E BES At
shH, 27 B3 A1 203099 ARG 31(2030 -
2000 + 1)°] Hc}, BAAGE FA] AZF Al A
SgrolA IS Wl grolrt. o] Aol 4| A
ZF Al-o] oigk ey FRgke] ASga SUsHAl
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PNEImE=TS

7] 9Ig 2A| 2, Bygo] A HE Aol dish
AgH AoluR 1 myef oA A4 Al AR
(glelg 9] 71 %% AL 71sAdo] =28 AE
5] 24T 7Fs/d2 3lakel| witol| ol& m
Aot Aotk FA A1ZF AR ASgke]
R} Iod, 4L Bygo] HAarH e g
o|BE Inkg & o] Fofof shar(Y]
= 4h), R = A AR ARG ASgte] o
o} Zoh wygo] A gttt AojBE 11
T gk Waeo] Feofof StH(3-2] HAAIS Zh).
A2 AHIE B8l ARFEARES A

thea gt} oA oro] tholAlhH T} %La] 2000~
202082 217 Gl BT A}g3h = )
O|E MRIEE 7}A|1L OLS A=A 4 3&‘ SkaL 1
At w25 IAAES v O R I FAIE Aldls
= Aot} =dqte] A9 FHAIG== 2 659,073.6
3} -5,602.4°1ct. o] @] 17} vl 5,602.4
W At AE ouisitt 3 Ale] A
(R*= 092792 Wl =Th 2020119] AEgro 2R
H oSS wiA] 2 AgES EekaL, A (8)f] @
Al 20301 9] =t 1G-S FeHA thaat
QollA At AAH, 2030 2] AJ-ZES 310]c)

(o]
I -“ﬁé—
I-EQ»LE&FNJ

cf = 523,037 - 541,423.4 = -18,386.4
Pyg30 = 659,073.6 - 5,602.4 x 31 - 18,386.4 = 467,013

Sa] A9 BAG= 27 630,587.12F 2,170.0
olt}. ol FHuttol Q= Yt g wid
2,170 S7keth= A ofulgich 19, 394
o] AAAG(RY)E 0265302 wegdtol| vl vl
Sk ol a9 20lk= YEY Q= AAH,
2000~20207+2] Sufro] Q1 Ws) o)y} uf$
A Ueh7] lzolth. ket 5 A7t 14

2 237 203099 IS =45 T
i} ek

of = 667,960 - 676,157.5 = -8,197.5
Pao30 = 630,587.1 +2,170.0 x 31 - 8,197.5 = 689,660

(2) Cret =gt

ool A AR eliiviel A WL, 7t

SApHat Melibo] 24 AL IR AA
o, SO kel HFFAmE o] A4
sl % e, u}ﬂﬂﬁaw@olynomial

e 7}x43}1;} /\]ﬂo AP FA LGt AR
o} A, A A S HlolH —‘%Eﬁ oS 22 ok
GRAnge FeUc HYAFRY

UHEA © 2 OLS(ordinary least square) 2]7]54]
A3 th(Smith et al., 2013).

=a+ b X+ X2+ b X+ - + b, X" 9)

AT Qltelat, Xt
A (A =)ol L
(polynomial regression model)©]2}il sl=t|, &<
AgZEAEL olefst mYo) B4t el A%
TFak(first degree) otk Xt X277} AFEEH 23}
el 23, X, X2, X%0] AREW 33} t}g; mEo]
T Aol

HE oz} oy} By S o]x} F<(quadratic
function) 23&0o] AFRE]=H), 0|2} T4 BEo] 4=
HE vzo S2oll A vl Aol digh <1
T FA7} o] Foi Xt

TR R Y
olF BHE

Pi=a+b X, + by X} +cf (10)

A1 (8)ollXet uET IR 2 P A B3k A
T Xe A B3 AR 48k ARREL o= B
AAlolet, ZtulE b2 A¥ 3 A(linear term)=
T3t b= FAl 8 (parabolic term)S HE S
t}. o|nff F83F AL F uefu]E ] £ 7F 20|
Th(Smith et al., 2013). & TEpA|E7} B QFo) 7k
HIohH, 4| 7|17t 53t 17k 74 S7keich
<= oJujsh= wH, F skenE v mE 5o gt
Helohd, 4 717 ¢k A9 T asiet
AL oujgith AF @4t kol e, T &
7h 59 3k HAohH, A 717F 52k A 3
7HE ke A 9ulstd, Faolle S
=1L QI AR vHithE AS oulgitt Ay
Q47F &0 7S, A QA7) ok Zhe Holth,
FA 71ZF ) /IS A s Rtk AE o

A=
ush, F=ols gAE Wail

F7k= v

B B ol e ol
L

ofN

o2
_{
i_.

e
1
lo



= AL ofmjgl}

A&A] HlofEof o]z} tha; Mg H-g-5to] Ql+t
FAE Attt =] A A 4
637,262.8, 87.37, -258.6°|Ct}. w2tulE] b2 < # b,
= S5o|BE, njE Z4E A9t
7t B4 Aol HH F7He HEL A
o Aolgte FE FEskL ﬂ%’%‘-‘ll
SR 0.9855% ¢ =
& F451H oh23

of = 523,037 - 525,043.8 = -2,006.8
Paoso = 637,262.84 + 87.37 x 31 - 258.63 x 31% -
2,006.8 = 389,426

Fule] A9om el £ 23} vk &
P& Aglalt. A= 22} 629,912.4, 2,346.0,
-g.0oltk. mEhE b2 S by S50|nE 1)
2 Zes A7t % STsiE B4 Axde]
HH S7HE WA A4S AEE AolRe HE
FEotaL glek. Ty 24 Al o143] 0.26549]
Efel AFArg o] Aekeet 79| v
OS2 Ut o] BEe ol&dl Fuht9] 2030
o] AF-E sk ot A

cf = 667,960 - 675,650.8 = -7,690.8
Pyp30 = 629,912.4 + 2,346.0 x 31 - 8.0 x 312-
7,690.8 = 687,260

] 34 Heb 2 BARE & 4 Sl Ak
o] oy ngS @E}EH Bt 2 A4= 3719
A5 0.4673, 47%2] 79 0.7369, 52+2] 739~ 0.7409
2 et 43; e} mgo] 7 Agkt Ao &
Attt e 42; oyt 2yl oA 203019
ST Q= 2,070,174 Ve Abs] viEa] 4]
¢l Aup7F =EE QU o= IA HolE 9] AgE
7} REEA] vl A9 gelde s 2 of
Yehes A& AYsHA Hola= o2t & 4= qick

=4 e FPgels E The o] A
2% (exponential curve fitting)©]Th. 1A Al

glolE =g Qltell AddiE FH F, o

1o 2

= O“iﬁ.gi OLS(ordinary least square)
& T11'(Sm1‘th et al., 2013). 17
R
% ﬂ?‘]—“vj:ﬁ(Pmsson regression) S 3
e It} ey 97]4= OLS 2¥e ¢
Heskas g,

)
S
1

S ]
é%"iﬂ
SO
Mitl

InY=a+bX (11)

oFe] SAEAe} mHR Y
Agrele,

ofuf steulel b ThS- FR3 oJulE Zic.
oA Agtel T Wl F7H et y7h bx
100% F7Hebchan 498 4= 917] hele, ojg X
7} A8, = Agglol] tEe] 4 712k B 2l
F7b Wi bx100%% STk e 4 gl
3jo] 4-3el3 shetule} 2A4E, cheo] 34
of) of7Aa) w2 Aol Tigt 9l ZA7F olsolzic,

a+bX;+cf (12)

ol3olal, X &=

Inp, =

Ir 1o

g

Al (10)014eF IR IR 2 Pi= F24] F3E AR
T X A F3 ARl 88k AREL
Aot BAAIGoA 2008t 2 o]z
ghol ofuizt 24 Aelejagt k) Aol
= Z4°]T3]'(Sm1th etal., 2013)

2 o

o
o
o mf

[ A )

zl J
B
Pt:ea+in+g" (13)

T3 o|gst Il A= AR HK(retransforma
tion bias)o] TS| wizol, Amjoy 4=
(smearing estimator)= &-3f XHAZ3of Tth= =2
= H(Smith et al., 2013). 2~0|o]q] AL 2=}
of o271 grol BEL SRk AR, 1 S 4
(13)9] AJ4= Fitofl w3l =t

Pt: e(u+in+cf)><sme (14)
oA71A smet= 2<mlol gL ojnjgich, BE X
SRS B QT FARIAE 2njof 7
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2 10 - 7Pk Gk Hol7] tiiZell(Smith et al.,
2013:196), 9171A1= A (13)& A&7 | = it

A&A Hlolgo At A S 485t
=9 e SHAG= 22 13.4034, -0.00959]
o} ol At QIF7E miEhell vid 0.95%% A
S Aole= 3L ik 34 AAA
SRY)E= 0915622 w9 =T 2030109] QT <l
= #7954 o Ak

of = 13.16741 - 13.20339 = -0.03599

613'4034 —0.0095 x 31 —0.03599 _ 475)522

O = = =]
e A5s

P30 =

$ute] A9 3 PAG= 22t 13.3536, 0.0034
otk ol Hub o177} wigel wid 0.34%%
71et Aolgh= ML dH=slal ek IHR AH
AG(RY)+= 026512 =tof| H|al x4 Ytk 2030
do| Hult Q-5 sk oha3 gt

L

.

cf = 13.41198 - 13.42457 = -0.01259

P2030 — e13.3536 +0.0034 x 31 — 0.01259 _ 690,914
A2 el ule] Alvols 2Aeke 7t
Z}+ 1.0001533} 1.000578% o5 Z-8-aF -9 20304

9] Q1 FA|1ZHE 717} 476,4729) 696,3040] ElT).

(M =

(4) 2XIAEIZMEE

A F7HA ] BE A 7T QI FAIGES] 3
(53] 4Fgh)(explicit ceiling, upper limit)E F2}5}F
et ey AAFow Q9he ek 57
43 Aol ST 0] AT

Pt 2ol @AIHoltl,

.

A

el A4
H(logistic curve fitting)o|th. &8 ZX|AEIA
AR Qo= o]2f3t £A4E Ffohe RS0l 7k
sitt. ol S0 48X % (modified exponential
models)¥t HH 2= 2 (Gompertz models)= 4
S AL = = 7o, A Ad(modified
exponential curve)Zt %A (hyperbolic curve)
55 sk 4ol 7Rsabr] thEel M a7}
G313 Y A49] 240l ATHohesmith et al,
2013). ZA|2E A4S 9 o] gEpu|Ez S
wupol upet 3-sfefule], 4nfetul, saeole

7Fs3AIRE of7| A= 3-uletnlE 2A|AY I
stz giet.

Aoz QG FAoA= Keyfitz(1968)] =
o] F2 AE-ETHSmith et al., 2013).

Fol
Aol

Y=al(l + beX) (15)

a= AT G (upper asymptote), b2} =
27gsk= wetnlElo]tt, o]
gk Q19| Agto] dmfo]
A =Hot=AlE AAglct o] 7}
ehule] 24S 914 OLS7} ohd alge] uiu
A (iterative least square technique)©] AH8-%
o sfefule} 2o] S, chge] FAlel oo}
uj2f Aol ek QI A7} o] |2tk (Smith et
al., 2013).

e

iy Y|
o 1

P,=al(1 + be i) + ¢f (16)

) vl 1] ARtE Ak whehulE
a®l teiAl= = 7HA] 97t EARITH(Smith et al,,
2013). A WA= $A 7|7 AFso= g7t
et E I AR Aot 19| o]F
A Aoz 3% mhetu= @A 0A] R A
S-7} Wisie) £ WA= ArAE 1 wetnEE
Ao AAste] myo] FQJsh= Aotk o
7 S AR o Y 7k A A

S} ol Fofxitt.

Y=al(1+X~9) (17)

oA71A, a,b, 7k THS] FeNS AHH Al sfet)
o]t} = M (inflection point)S LFEFI=H,

AL = |



He FH0R H9ThYo] oloiAiry,
R ERAL I A B IRSE L L K

@ 4= ok sehulE st SR gl
o713} Q1 7o) o]Foliet.

Pi=al(1+%i=9) 4 of

AE&A| HlolElol] Z2AAE AT S
ok =stol]l gt Al stEfmlEl= 22} 653,255.6,
0.119836, 32.530129°]c}, WarF ulatu]g Fho| 2]
H|eh= bz et QI7F 7RSI AskaL QUARk
ti=f 2031~203210f HAT HASHE FACE 2
E7a7t o] F oA Zoah= Molrt. 203092 =
T IS F7E5HH theat Ak

cf = 523,037 - 522,126.2 = 910.8

Paozo = 653,255.6/(1 + 0119836 % (31 = 32.530129))
910.8 = 357,401

Sutte] B9 Al mhetulg gk 72k 747,872.1,
-0.026631, -62.464734°|c}, M= wletu|E| 7} o9
T 29 ghE Holat Qlth= AL Ay Hof ¥

o= AP AY
R 2 Zol7t glee AARRITE 203099 St

o] o] Frks 2 ofmlshe 2
AT =

T QIS sk okt 2.
cf = 667,960 - 674,784.5 = -6,824.5

Proso =747,872.1/(1 + 2026631 x (31 +62464734)) _
6,824.5 = 683,738

EAAHRAHTHS
ahetale(55] ekt wheta|E)el
A Ao A Z ZolE opr|ith=
QITH(Smith et al., 2013).

(5) ARIMA E&iH

ARIMA X&%(Autoregressive Integrated Moving
Average model, A7]3] 20| EFE A ) Al
A HolHE AR mYsshe ofF 7IME
Z oholtt. BF X713]9] K3 (Autoregressive
mode, AR), ©|'58w X & (Moving average model,
MA), ARIMA E&o] o] W¥=of xhs|=d]
ARIMA 30| 7P zlxel Fejel zow Iyt

ol .
g

i

Sa|Liet AX|% Q17 F2AS 2ot

S

Thu
e

=1, 0

I
ey
&l

@l

[

I ek Ao R 2 dAqtoA 2E T
FALHE A HlolEE Sl wHE o
= Zo)7] el AAE dHlolg e EAS It
Bk Qlar, webd AIAIE SA RdFgolA g
2 AR L ARIMA 7|® 9] 282 wj-g- 2kl
28& Aotk Tt ARIMA 232 roflA] Al
2 ot FEO] S8 7ol Hlsf Hok
et FAS AEshe Aer dEA Sl
(Smith et al., 2013). 12| Atz oz 7|Ho| B2}
skof ofsfisty] ofPaL, Kok g 420 IpA WGk
o] atEIthe omjolA AHgAdo] tha W A=
At otk

ARIMA ®&& AR B33} MA 22 23
Aoz olafd 4= =T, AR BF2> 54 AR
= dlSslr] Sl AAIGEe] A w5k p7
ol-gdl o5 2P HPste Zolal, MA EFE
A oS 223k g7IE o8l oS i st
£ Aotk ™71, 2019:376). A= Al 7}<] Thetalg
2 73%= ARIMA(p, d, q) W32 0131 HofE]
= & i]'—“?:(differencing)g}ﬂ(i}"‘vj: 244), A dA
WEEHAR 28 A=)t g7 AN MA 29 %
e Bl AS5HE 4RSSt 2Eolth(Hyndman
and Athanaspoulos, 2018). E-5 Al ZtefulEf:= o, 1,
2 Al 59 3t ghS ZE=tt. HlolE9] MRS FAIE
2h= AIAIE dlolE ol 8/dd (stationarity) = F-o{5}
7] 918l Aldgshe Ager 54 AR #EgE
1 groll A A AR e IS = AT e 2 M o]
FolRt}, o|H3t 12} AHEFk(first-order differences)
= S8l Aol SHEE] oFo 22f Ak
= &8 % QItH(Smith et al.,, 2013:200; ¥7]%,
2019:372). #219] p, q 272 ACF(autocorrelation
function), PACF(partial autocorrelation function),
AIC(Akaike Information Criterion), BIC(Bayesian
Information Criterion)¥ Z-2 gt} SAHS &
& o] Fo] X THSmith et al., 2013).

B A A= R forecast 7] X|(Hyndman and
Athanaspoulos, 2018; Hyndman et al.,, 2020)& &-&
5t} ARIMA H3of| 7|5kt Q- A5 35}
Al 2t} 53] W E o] 3l autoarimas A EYs)

2

H40] wtetule] ghe A& 7] who] 2gol

I x0
Lo

Of
-

=

T
=

=
KX

tru

ol
AT

i 1o S

kl o

=)
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Bolgh Aol Atk k=T A Ao P
ARIMA(0, 2, 0)Q1 Aoz Eefyit), o]Zle e+t
o] IbA ol W= 2aF AEES EA AL
3= S 9t EAS Ar)FH ZEA AL o
B ZEA|AE HoFAE gethe 2 9]
ghe} $ulato] 9= ARIMA(2, 0, 0)°] FZ¢l 3
o2 syttt ol HARAIS 93 xlEo] IQ ¢
o, 23} B ZRAAT}F AujHolets AL
olmjgict. = Ftel $upe] ARIMA o] oJgt
2030419] A ZH7 424,357 656,5210|t}.
ARIMA Z3o] 53] $ap Qb Aol A 2
ofnl= FollA Hef AAsHA s St

L o)L
1 1o

3) HIE 24

H] & 94 (ratio extrapolation methods)< /<
Faveigiel oh9) BRI} A2 T4
5101 131, 2] 7reiell thgt vl F=AIgke] <
FoflA FojRth= 7HgstollA okl sxtekele] ¢l
TE A= 4=l AEsith a7E = HlolE 9

ol Aom, Agsl7] Golsirh= 540l St 1
] Bl&LAH-E A9l sxbeelel thgt vl A
A7} QoA FolHopt ghth whEbA] AZA]
Yt} Saktoll gt vl&-eael 71Rkek QI+t =
AE AAsthAl= A=Al AA Qltol] thgh izl A=)
FARko] Aol o5 fl8ll FA1%0] 2017 7¢¥
19 A9 QIGHE F+4] 7]E<Q15H(base population)
= Afot 20473712 S 307H9] S 77
Al ARl FAI(ES F4) AaE 28513
cHEAA, 2019a; 2019b). 2000~20209 A= 12
o 3194} 7] Q1o at, mfof Q4=
7€ 194 7]*4 ZJEHOJ‘TL FAZEolo1A A3 wla

—’—1_.

of thAZre] o] itk of|& 501 2020 A&A]
AAe] FUISEQG= 9,668,4650] A0t EA17 2]

20204 *15% %—74]7 % 9,601 693olu} gy =
Ao ”&‘%OP@] %%f?} 2% gL 7-]i];<] oF 1
o]

1

ARG A= ARl FAGE IR AR
k.
(1) o8-t

174-5d ¥ (constant-share method)2 319 57+
wi919] 5] BRI et FHEIFIo! vl
T 249 Aolgks weslh 7Hgof 7|wksict, 117g-
WS 2 0 A9 IEN: 2l

7|0 Pia= S H3E A9 51
O] QI Pi= A Ha3E AL A9 S
T, P A AR A1) Bk g1t
T8 P FA] AR AT A9
o)k,

3 12 n-sre] ofgh AAl et St
TO] QIS A IS HolaEal Q=] 20208
A AR Aoz ko] 203019 QS AL
rk A S AYstd ot gk A4 4
(19)9] S-He] A WA Qb= zF 1 Tdgh2020
W AL QA QltellA] A 7 AR sk HlE)S
At A, =dtet Fat= ZH2F 0.05410
3} 0.06909°]t}. 20301 FAIFES 5171 $18f o] &
kol A ZEAIHS! 203092 LA HAof of

1, oF-SEH| Qe MEA| FE 27 F
20204 ; 2020~20304 ¥ 3}
- 2030 A
Q1 i) TR B8 (%)

Y7 523,037 0.05410 495,287 -27,750 -5.31
Sutgt 667,960 0.06909 632,521 -35,439 -5.31
U] 8,477,468 0.87682 8,027,694 -449,774 -5.31
PEREEL 9,668,465 1.00000 9,155,502 -512,963 -5.31

*22020 T x 2030 A2 AA| Q1P BAH A= el 1t 34 A1)

12



gk o FAI8K(9,155,502)S oHd, sid A=9]
T 2AI7H495,2873 632,521)2 -8 5= Qltk o]
7152 3HA g Al ] dloEuhe a3t
of| A Zheksirh= F3igh o] AT, 519
b S B e e P e e I e s R ] B
Feolet GAF FUE bl gl AEA 2 o)
otk & 194 % HEo] 2020~20300] A&A] A
A JAF7F 4] gl e ak9] o] I
radflobgt 31aL, JAITAAFEE Al2A| AA2F BE

ol 24 LA = dTH(-531%).
(2) Hol-2e

o]-&FH(shift-share method)S 3}9] F7kct

&9 SOl HiRt Bl (@ )ol A= o

%
7P o2l Aol sl - A7 o
et -yt 22 = A2 AT
A AZE AR)Q glolE7t H R 8ttk(Smith et al,
2013).

Pi

Py

zZ

P, =
it y

P; P;

(-7l < e
oJ7191A Py= 712 Al 9] Bk 1] i
Py 71 Ae] AHg) BXHESle) QI 2
PIZHEA AR AT 3 B A

[N}

]
=

2, Hol-2EY

fol

efLfat AX| QI FAIS flet HHE

[

Ak
2l

STy 718 R A 5 A
AxhoI}. 718 717k Fob WA 7} 1)
£o] g wst vt jgelE 44
7VA stel, ) A& A1) 2t 519)
o 7L u)% Wskghe FHAlstel B4 34
oA 7 319] BRI HRlelA o HEe] &

1o 20 SeAE Sk WaloE S of

3 2% WHol- g of ot A&A] el Fut
T QI A IS HFIL iy SAHoR
aeE]ojok & A2 A F7I9e] ddglko] 2020~
203041 Atolef] HupgtE W3k AI7HE g5k
Roltt o] Fro] FA=H IS 20201 9] SFgh
I} gste] 20309 2] TS Eokal, LAle] 2030

A A=Al AA Q1G-S 55HAE sd 2] I A
s F5H El= Aotk wlE &2 S0 ©f
S ArgehH okt Aok IbA F AJ%”1 2000
At 202099] =9 TS 717 0.061359F
0.054100]tt, o] &= Zre] 2121 -0.00726°] 2000~2020
dol| gk shgollAle] ®ikgeld], o] wHate] 4
o] FA 717k el A&E Aozt 7%t
o} 19| o] T WSk 20 7bol| A Ayt
Ao)iL 7 717+ 10E0] =&, 2020~2030' 0] 2
A3t et WHBlgEe 2000~20204 0f HHAYSE e
Shgte] ARt Aom FA5k= Zlo] delZolt

ol 28t MEA| 78 I |

2000 20204 ol A o] Wz}
Q1 g Q1 s 2000~2020 2020~2030*
Y 632,634 0.06135 523,037 0.05410 -0.00726 -0.00363
Supt 663,177 0.06432 667,960 0.06909 0.00477 0.00239
U 7] 9,015,503 0.87433 8,477,468 0.87682 0.00249 0.00124
SHA 10,311,314 1.00000 9,668,465 1.00000 0.00000 0.00000
2030 2020~2030 H3}
sheyb ZAc TR H|&(%)
SR 0.05047 462,070 -60,967 -11.66
ey S 0.07147 654,362 -13,598 -2.04
U 2] 0.87806 8,039,070 -438,398 -5.17
SHA| 1.00000 9,155,502d -512,963 -5.31

*22000~2020 gl A 2] K13} x 0.5 ° 2020 T + 2020~2030 ol A 2] WBE © 2030 T x 2030 A4 AA] Q1 4 FA A

A= A 17 A 2t
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(-0.00363). A=+ 20309 w={L] 2% SIgHe o]
o wskgkol 202019 S sk g 4=
Al E]31(0.05047), 1 =74 kel 20309 A&
Al ZA| 9] Q1 FAIRK(9,155,502)2 =51, 2030
e Q1 SAIZE 462,070 T8 5= QA Hoh

3 29] 2020~2030 H]E&(%) WIS HH, oo
-t G ek A2 HAL I E
Z17) 24 AtE AL &
el -] ot
e o] 71 e) 7Y 2

wh O Kl

, A A o] FA ko]
ARo] S47F 2 = Qo=
et al,, 2013). '=¥2] A9 123t 4
W=, oFe] 17g-ag iyl vl

Ol QlrHERgo] FXR A A ITH-5.31004]
-11.66). =& olzgh S7A3l F ZF A E1A]
%S Mot opuet s Hslgle]

ko2 A" = QAL

>

Sh= Aeole 2 ARl He

O 1
.

4

7]

3t Aeke
FAl 25
o A

o

posy

[e]
~—

al

2978 (share-of-growth method)> 3¢ 3

7ol A9l sArRle] Aol Al AAIsE
= HFo] vl FHsirtar 7Hsh, th39
SAlol| oASY ¢l A7} o] oI X TH(Smith et al.,
2013).

Py =Py +2L=Cb x (P, — P))
Py —Pp

grol A4 717k

(2000~2020)0)| =L} Hupi 7t
g F7ret 4,783 S7HE 71S3Hch
AEA] ZA|Q QI A2 -642,8497 011,
o7 Lot Fuht Z47ke) QI SRS
H QI WS o) dES T
0.170492} -0.00744). Ltk o] dfzto]
o] offe} R5 7} HojH v|Folah= AMA

A7t Fhagh =T
7kt Fupte] gl S5t
da7} Qi o] £t Kol
= FA 717t Soll= A&E Aolgh=s
o] 7h a3k 7hgole) 203099 ALA] A
Aol thet A7 28351, 2020~2030 A2A|
A9 JAFFE ALt 4= 9131(-512,963), 1 #F
ZF 9] 2000~20201 1] ®3} ko] 55k
A 717 F dupbEe] QIEggte] WA= AlE
A 4= Qo 1 7h2 20201 9] T 91} FHAts)
ZEZH o2 2030419 Q4 AR
Al ek e o] 79, vR] = 715l vis) 7Ht
o] £57t 7HuE A0 FAEATH-11.66%),
Fe] A= A & 7 g S A
02 ZAEATH0.57%).

o] 7IHe] EAFHL 7] 717t Foll wAYgt 519
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