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Abstract

This paper implemented a method to predict the fertility rate, mortality rate, and international migration
rate using the R program, which has been widely used in recent years, that calculates population projection
by substituting the results into the Leslie matrix. In particular, the generalization log gamma model for
the fertility rate by Kaneko (2003), LC-ER model for mortality rate by Li et al. (2013), and functional
data model for international migration rates proposed by Ramsay and Silverman (2005) and Hyndman and
Booth (2008), Hyndman et al. (2013) can be directly demonstrated with R programs. Demography and
bayesPop have been introduced as a representative demographic package implemented in R; however, it can
be analyzed only for data uploaded to Human Mortality Database (HMD) and Human Fertility Database
(HFD) with data changes and modifications requiring application of other data. In particular, in Korea,
there is a limitation in applying this package because it is provided only for short-term data in HMD. This
paper introduces an R program that can reflect this situation and the different patterns of low fertility,

aging, migration of domestic and foreigners in Korea, and derives a population projection for the year 2117.
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1. M2

AR FAATEEFA (KOSTAT, 2019)+= AFFHERANCeusus) 2HE 7|22 ATFEE
Al(vital statistics)2} A Aol 5EAE &83to] FTE QAW (cohort component methods) ol

o 206797k AEISAY ATTEE AFACL. Rseedye 24, AT, FA0lEe o WE
Fzol Ui 7PES v ® FAY AlFAHC] H= ABSAE 7]E<l (base population)o] EAF
I} FAOIEE U ATS TR A0 da Oed 078 TESR Aotk H2 AR
£ (total fertility rate; TFR) 1.00% o}e]2 B E4H& A3} (low fertility rate) e} A E A& 7l
A (mortality declined rate)oll W2 133} (aging) 2} W=7} 2J=212] Aoldl ZA|o)F e 53 &
£ S99 IR 0275 W ) FUFASN S oA Ak D AL,
%}, SARY 57 2L Azol FHOR ATFEI ol AT ThE Felz MEE T o,

tEo] ZeAdr+FAe =271 2471 7§Xﬂ, AHE] ik AlE Yo 7)) Ha AR RAAAAE A
S 4T AF A4 B ohUs LF, wE, A%, 84, 79 59 ZARS FEEA FopT
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Atk webA mle] QR et AR ELE vl 2] fsiAE e AFFAC 8sta vt
AA AR AFFAE =2 5 9= 5AF =F(tool) 7t Bosly 23A}. HZ AFEA A
2 293 = R Z23W O 2 Hyndman 5 (2019)2] demography @} Sevéikova el Raftery (2016),
Seveikovd 5 (2019)¢] bayesPop7t t & A o|t}.
demography+ Lee-Carter (1992) 28, AFdE, S48, ZA|<0]SAE 34317] 913 42 dlo]
E] 23§ (functional data model; FDM), 85272 <1323 7| (stochastic Population projection) 5&
3g 4~ 9= R =23 olt}. o= Human Fertility Database (HFD), Human Mortality Database
(HMD)o|A 2/8&3 ATEE A5E EEste] 4310 &3t FA¢ o5 A+ HMDS] 2150
WAE Fefet AR AR E F7PEE JASI FDMEF | th9)ste] A3t} bayesPopt United
National Population Division (UNPD)o|A 2d7FF o2 F# 3l ¢l World Population Prospects
(WPPs) A5E 7|22 FASAHET 7|d4dS W o] X <H(Bayesian) S 83t FEXHRFPOZ A
HEZ FA5t] AlA 20099=9] AFE AlFsith. ol AA BE F71=0] AT-SE AL} A2
Z+5 2401/ (completeness) 7 &4 (quality) 0] 5 L84 7] wfzoll A= 24, APdoiES A-AS
E (prior probability) 2 /W =/d=3} 7|el=7F 59 A7HEFRA BEXE AFE-E (posterior proba-
bility) & Zr£3kaL, o5 w7 AX=e 4ol A, AFES /i e FAFE Aojthekes 714
3fol| Wlo] A ¢t WS HLoto] AAFEES FATY] HTHo=E AFE FA L
3lx|wk o] & 2% HMD, HFD, 282 UNPDOA AA A2 243 WPP 20192] At 27 73 o]
7Fsstal B 249 AR E 8317 HaiMe A5 7 WAl aE vk ohvgt fevstA Y o
&t AP HFS HEdE= o] SolskA] gt
olof B Q1= ¢ #AE M3P=E demography, bayesPop2 aisle] QI EEAES 93 R 2271
< Ak, JAFEAC B Jdv FAEE A% S FEHS AFsta) sty 18 B
AT+ b 22 FolA AdATe) e APEA S R 5 ok AA AFFA Y =23 A7+
a7 o] A8 AR T A4 E2HE 9139 ZA7H (self-in or hands on) Z2I9 A7 AgiTh o)™
AL 30 A7FA FAEAA A+FA PTG IHEE =Y 5 IS 22 dAddrt. &4 £
Uzt $A% S7HSAZE (KOSIS) A2 & &-838to] A7 Wk glo] RE2 £8j9 248, AFRE, 541°]
&S I, dEsty 2 AFHE T3t ZZEQ A ) FHATFAE TET = I+ FAF
EFE sttt

[e]

BeRe & Ngos PN A 242 ATWE 38919 JZuY FHATIA PUES 27
Foh A 3L R Z2IAS TAS FAATIAL AAE ANGT 2O A 43 FAOE o
Foks} Q7o) AAY AN e FFAPRYT AN 5L AQTH

FA F7HEAIZD(KOSIS) o =Wl EA-A, 7 3EollA 19702018 A 7R 9] A% E4HE (age-
specific fertility rate; ASFR)3} 913 & A& (age-specific mortality rate; ASMR), 2000-2018 d7}A]
9] ZA)|°0]%E (international migration)& W=} F0S TS} AZSAE AFdt) A2
7+ A3 (15-49A4))oll thal A A58 71 7HE (period) ASFR, AFEE-S 0-99A4], 1004] o] Aol thaj &
=4 717hd A (life table) 2} 7]t~ (life expectancy), 7]tHo] ™ (residual expectation of life) ©]
of. AL v, 27ele] Aol #AolE ez elslA 0-844l, 854] ol e A
o|FEoltt. Thio] FeATEREA (KOSTAT, 2019)0] 4 2067371 SU& Fehz A7AS 32
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A(EA, AHE, ZAIolE )0l et o5 A5 E AlF3ct.

£ ATE 20187121 9] AZA]9} 2067 A7) A S2 (FARY A s 0] B FATE)E FA
ANALG Zt5E E83te] 2117d7HA] oF 403 A8 A 275 AAISkaLA} giet. o] A AP A+
(Oh, 2018, 2019, 2020)+ 2018\ AEXE EHE 2067 d7HA9] &4k, AVLE, %Zﬂ(ﬂ%

3 Aoa, o] A= KBt © AAs] Z7) AAL 211737 AR =3t o= A=} xﬂ q
23 5 %7} 27 AA, A BRAAY S 71228 A Fe A 5 ATE %ﬁ’ﬁ? thFet =
A FA 7125 AF T2 10047 FAZIE AT Ax SAHY FedrFA] AA
A3 ettt 28 B AFE 20673704 19 14 ZHE 02 QIFEA ARE AlFsal 1 o]% e
AT, 2ok, AMEANE, FAIEol B TR BAHS FUHEAlN AFHE 38909 HlE ¥
£ F7HH o= AlFshs Aelth

wA ZedFFAE 96k 715—0142} UE4Adn
7NEATE FAANREL] FUNFEALAT(FaHA

b

| (ratio of male to female births) F&E 7} @St}
A= 79 197 AF)E 9nlEtH, KOSISO| Alg= 1
Aok 28 fEvEte ‘a""}ﬁE/\%‘— i SAANIE 1.05(0le FAAC 7ML e
FY)E S TR 2068-2117d QA HELRA(E4, AMY, oF)9 mEgEe =& A
t] vl B4 (uncertainty) o] WA= o] Qlemg G54 A7t a7dtt 584 54 PN
L yxFoz FAAdqE 2 AEA (historical forecast error method), AR, A-E7} by, A
W3l g9lo] FEWSFIIE oKt (Lee, 1998). ©]E 5 £ dA7& dubde|x AR RyHP2<
FARYPOR FAF oSt AE AEgitt. o5l st W BYS ofefoll &)k
AR S4Hgoltt. fEjvet ASFR JEj7) o|hg(FHE ASFR 23, 204 2wk} 283240 S4F
o] )3 th2A Al7tel| wet dZ% oz A9 BE(1970-1990 )& 200 SF ko] E4Hgo] =
=)olA AFEEB2HE FAHLE F5 )R Wslg o7l S W ot oY ¥FE %9
A3 a3k 2= 9 X (location), AFAE (dispersion), 3AF(shape) 22} 3t ITEV} E4H8 F
3 FES el 247 230 23Eojof Sttt Park 5 (2013)=R e FHF e o
2 BEE sk Qo fEuel E4H8 B¥2 S EEE mErka Attt A
KOSTAT, 2010, 2016, 2019)2 ] 47)2] R4& 2 331= Kaneko (2003)7} Al ¢kst duks) =7 7inp
23 (generalized log Gamma model; GLG)S =3l
 Fe M Y FoI B R 045 3
013 Seluizh SIS} AU ek oISk o B e AFASE A exponential
family) ¢l GLG 235 * = o% S 24lR Y FEE2Y dE A8stn
24 #7300 ol 4 7)) A% BAH P o8 4 Yt Bl Ak A (1) GLG 2R
T AMN(Cy,y py by N)E ETFSEA QAT

ol e N

¥ r
?Q

dulA o g R 4v) wo] £3HE B EHLo Aty

rlo

S PRIt B ARE e A% Tawa% o900 W3 §2(nfant and child)
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ASMR 7hd2 RARARo=R Zrastal, AHS(654 o149 ASMR WAL HA #@efx= AMdE
N4 Wt (declined mortality rate with rotation)@4to] 2AYsI QIth (Horiuchi®} Wilmoth,
1995; Li%} Gerland, 2011; Li S, 2013; Kim¥} Oh, 2017). o] f4d=3} Lulzg ASMR

o siEe] wdi(rotation)® = #/4tolx, Z|hpmo] /g wer sk gl % LC 23
(o) — @ + boke + 0ol ASMR 518 GeRhs b7} A17be] Aol wel W) ase o
n)glty. Li®t Gerland (2011)= o|&} FAFSE A4S APHE A ozt Wyt A|7ke] Wglo) ulke}
ASMR 7|4 Aeh@/d-E wrdatr] s LC 239 b0 23 8 (robust rotation)& =3t F
A o)al A% 42 753 Lee-Carter method with robust rotation (LC-RR) 23S A|<Fst
t}. 283 2d ¥ Li 5 (2013)& LC-RR 239 AR S FAsHA #HIE & 5 Y= 4 (2.2)9
22 Lee-Carter method extended to model the rotation (LC-ER) 28 A st} & o]+ LC &

Fol| A A)7ke] Wt BAGle] AAE b0l AT W5 1l B, Fe)E W3ke Zolu], ASMR )
A gl o FYeiths Bde Bk Aol

123 SA4% (KOSTAT, 2016)2 A43], A2 17401 FAFE ol BT A =E)e] AMYES
3= LL (Li9t Lee, 2005) 23 [In(mg,:,) i + BoKy + byikei + €nti]? LC-ERS %
3 LL&LC-ERS AHEAHL o]& LLG &4 E%{,gi B3ty LL 282 A3 AAAA =
7o) Ak 9FTre] ASMR e mlw E 35 APTER £38F Folgks 7MY st 7129
LC 28< tEd7e 47 93 354 736;, 2 A7 Al log(ASMR) WA % (B,)S} A
Zrl W2 log(ASMR) 4=%9] WsHK,), iNA] A7 289 7/E A Aoz Ad ok o
log(ASMR) W3} HE (bs,s) 2} ATl 2 10g(ASMR) %—_ BH(keo) S VFERACE O”E B AFE
AR QTS Agshs Aolng 4 (2.2)9 LC-ER R¥o% FA ] ALE Nd athdde 49
.

L

fll

ln(mm,t) =a; + Bmyth + €t,x;s (22)

714 B, il o2 ASMRQ LC 239 b, 9} AFgE 7HAe A 1d AgE vhel AF 7153
To R A (2.3)3 Zo] B, ef+ woh FAbo] Brke A1FQ v+ S vehdth LC-ER 23
< AR 20752 APEE B4 SAMA B 7HA AR A AAghe o] &3 2 7HA FEHA S
g3ttt 4 (2.3)9) ASMR 7|4 S8 215 80M] =S w] wriahr] AlFsiA 1024704 2]
25, oo ATt 53Tt o]& 654 ulwk RE Ao|M APgE AAsEe FUs 1
o|Fof AAgo] FIIEFE FolFg ou|stal, B, 999 APAoR K+ 7t g glo]

A2 LCY| ki 9F Wlaste] o] €9 a7t 7B &2 K& F37] S8 WA Ao s =EH) o
fﬂ HHE AXNE b9} By TS § BT KGR of & 5T 5 Ak

be, el < 80,
Beoir =< (1 —ws(t)bs +ws(t)bY, 80 <ef < e, (2.3)
by, ey < eb,
b15_64, 0<z <64,
by = _
T bz > bu,60 64, 65 S ,
bes—70
eb — 80

w(t) =

s 0= [0.5 {1 +sin (g(Qw(t) - 1))}]”.

a8 4 (2.3)S Adde) ue} e R H(male; m)2 In(ma,t,m) = Goym + Bo,t Kiom + €x,t,my A
Zt(female; £)& In(ma,t,f) = Gz f + Bet Kt g + €65 ©1TH
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AR <A o]goltk. Ramsay$} Silverman (2005)3 Hyndman¥} Ullah (2007), Hyndman3} Booth
(2008), Hyndman 5 (2013)2 <2 25 4 d2{t}Yd (functional data analysis paradigm)<
AMEEt E4kE, AVLE, FAlolsES BEHS ol5e] Hg vEsE el I4A AE B
% (functional data model; FDM)Z& A sttt 152 ASX| o SA5= SH 4kt A4, 7o, A
A o E JAFFTH AN vUehbes E2AQ HES w67 Hs A X E"i‘ﬁ% 0]-g-5}
A (2.4)9 22 R FE W ES BV ol&3ity. A¢E FDM 239 72+ 4] (2.4)¢
(2.5)9} 2Tk,

)

filz) = { ’ (2.4)
In(f (2)), A=0,

B zoll A FAlEES rldtt. f/ (2)9] Box-Cox (1964)H%
ZoFAY AF3H 22 A\E Box-Cox WA ZEE S3h}.

rlo
5
S
T

AN fi(z)e AT ek A
groll met S7tshs MEse

fe(x) = se(z) + 0 (@)t
)+ Z B, pi(x) + er(x), (2.5)

A pa)e T/l 99 F49 BFIL2 BID Qo) GE 2230153970

3, Bugdi(@) (6= 1,.om j =1, )€ ¥ A AHgstel 2 A J < ni

NEH FAE 2ot B = (or(ohe (@)} TN BEA PR AToE An AT
o =

< (orthogonal basis function)©]3 B = {B: 1, ..., B,y }+= BT FAE H 5 (uncorrelated principal

component scores) 52 JFTOZ A|AE AFE v}

2l (2.5)00A fi(z)E ARt A zol it FFH 2AZA0)FE Infi(z)0), si(x)e BEI
4 (smooth function), €.t FHH)IL FL3HA ExH BEAF FEHSTL, oi(x)E AT t2
A" zoll mel Hake 2o Folth &, ou(z)er .= FFH RIAFA T EY HEH JFHY Aol
¢ HAZLFE YuEth 4] (2.5)9 F WA A2 AZtel] wet WdelE s (x)d] WMEE AW F
Tz St oo RS ARESlAL FPCAS ARgste] F&H 4 si(x)E Auds T4 Hl
48 FAE AR g Zlojth. FDM2 3 WA 450l Aushs 1l F4%00 tsix = ok
EAAE BYEY 48 A7t =29 EE Aol FDM U2 A4 AAd 23S AIC &
I Ze Y

2 7)ol S Aste] dEFiet. o] 2o thEt Hr} ApAIEE A2 Hyndman¥} Booth
(2008), Hyndman % (2013), Kim¥} Oh (2017), Oh € #xstd "ot #F3a=E FDM d&2
{f( )i fn(@)} @ = {¢1(),..., ¢u(2)}] ZARZE foin(z)d KA ASAE 7 B35
2.6)°l oA ==& 7Fsstirt.

—~
[\™]
[en]
—
co

N2

Frinin(@) = Elfnsn(2)|Z, 9] = ji(x) + ZBnJrhln 195 (@), (26)

AZNA Brsnin,;-& Hyndman}t Booth (2008)01] ,]-cﬂ A4 g w= ARIMA 233} 22 guigk A

ALEZE &8st ZET Brin; o h DA 52 v geh
AF7HA 27 A7 HE 329 48, AMEE %Zﬂ ol gL TS} 1 A% FAZZIRAR T
A RollA Alzshe 47 783 H71A] &8 w«l ARt N8E 3%
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Figure 2.1. A process for population projection by cohort component methods.
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gor Jd7dE 298 AAdsta A7 s gold, 7R T ¥

A5 A| IIH AH&(STI, 2013)3taz, ?:T“E% 2 vy s 47 oS
FA L 2dol He 7Aool Skt sAlcolE S Hokal, AFgATE we AT
(demographic balancing equatlon) 2 AL35f] 2 3 01?-% J-% 02 A=) ks Q334
oz HolHr} (Figure 2.1).

oo i

_LI 1
e iy Sl

N

]

—E‘

e
Me
1o
oK
1>
4?

ol > o 2 (E flo o O K2

i)

Pi=PFP_1+Bi-1—Ds_1+ NM;_q, (2.7)

A71M P td A7, Bioav t— 19 S0k, Dyt ¢ — 19 AR, NMy & ¢ — 1d FAE
oot}

ol IZEQYE 7MY £4A T AT = & WHL2 Leslie FHE o] 83 Aot o
9} AHE AFE Leslie (1945, 1948), Smithe} Keyfitz (1977), Preston % (2001)% Zoshd et
Leslie & A& 2h2Fs] 2708k, AF(P)E ZFeFsHAl 5709) A% 25o= F4(0-14, 15-
29, 3044, 45-59, 60+)3FAF. ko g 15 A=3h= A& A7) fsiAE A (2.8)3 2t

Pi(t+15) = P,y (t) LLZ' . i=2,34,

i—1

Ps(t+15) =P, ()%+P5()£§ (2.8)
@]7W Lie Az AR AE(zM] AERSTE z + 1A o]27]71R]2] %91 d 4= (person-years) ©|

L fw+1l dt, L AEAS), Tz oAlolA @+ 1418 LANE E3ake oAl olFe] BAQ)
e AT, = S07) Ly)oleh. 223 Q712059 B0kt 1) A3 24154541714 7}
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Estimate ASFR parameters by Generalized Log Gamma
—
Model using nls of library(minpack Im) Leslie matrix
KosIS
' With 3 ,
Dataéc.ets Project ASFR using GLG and Autoarima ] | components Poplulatllon
v Fertiity . Projection
(1970~2067) Estimate LC and LC-ER parameters = Bt by gender
= ¢ " . ! sex [
* Mortality (LC: Singular Value decomposition, random walk drift and ages
(1970~2067) LC-ER : LC with rotation time =80) ra0=105 Upto
Micrat ! * Base
igraton Project life expectancies by gender and ages ] population il
(2000~2067)
; . : (2017 year)
Estimate and projection migration pattem using
b —
Functional Data model by domestic and foreigners

Figure 2.2. Structure of R program for population projection.

A)S FAE HBRE A (29)4H H11, A 164 dR¥IEF2 4 (210048 F=Hc)
Lo

Blt,t 4+ 15] = L;Fz (Pg(t) + P07 ) i 15F3 (P3( )+ PO ), (2.9)
Pi(t +15) = Blt,t + 15] x (1+718RB) « %lo
- m X QLT; ( ( )Pz(t) + F3P3(t)> (2.10)

_|_
2.10)°| A I, F3= 15-29A], 30-44412] ASFR, SRBE Fu] 4402 =3t} X 271R]9] A4

2 ( y
WP AES AR 2FSE A (2.11)AHFH FEHTH
kFQ% k |:F1 + F3%2:| kF; 0 O
Pyi(t +15) Ly Pi(t)
Pa(t +15) I, 0 0 0 01 ipm
Pt+15) | =] o % 0 0 ol |Po]. (2.11)
Py(t + 15) 0 02 Li o o [P
P5(t+ 15) L3 P5(t)
0 0 Ls Ts
L Ly Ts
A7k tol A olE 12 oo A WEE P(t) = ﬁ/\h‘s}ﬂ AIZE 9} t 4- 15 Abo] €] A3 (projection
matrix, ©]5 Leslie 3™)& L[t, ¢t + 15| Z&7|3Hd, FA12] Uk P(t + 15) = L[t, t + 15]P(¢t) <}

2t} Bt} o Leslie do) #4o] e SA&= Preston % (2001, pp. 118-133)2 H113H 20|
gk AF7HA] AFHE 38200 EYPR} ITEQAWHE wotien], o]y FH84aE0] # A
A Alobsk= R ._LEJEH% oJ@ A FAEEAE Figure 2.2 A 2]sto] A7)t

F)E HoFa on, 5 A= ATHFE 38

o
KOSIS9] dlo]H] Set& %@—‘T‘——E—% E2h A, ZA|0]F, 183 Leslie P AN 72, $5E2 2
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Table 3.1. Most important functions of ASFR estimation and prediction
# GLG 28 A% 24 2714 di9g 918 GLG, GLGmodel &4
GLG<+function(asfr,fer,mu,b,lambda);#ASFR (asfr), & =3 EE4HE (fer), 72498 (u),

B4(b), BTN

GLGmodel+function(par,xx) #E 5 (par), B F5(xx)
# Final : 23 A3 residual A=
Final<function(asfr,mu,b,lambda) #ASFR (asfr), 3 @45 (1), 24Hb), B2 ()
# FITGLG: 24 3A7S GLG 28 t¢3sle] ASFR 3% =&
FITGLG+function(fer,mu,b,lambda) #Z =98 & 4HS (fer), B &4 (1), 24HD), BEARZT(N)
# Autoari: GLG 23 24 47) o2 93t arima
autoari«+function(target,a,b,i,k) #X2 5 (target),start(a),end(b), 25T (i), 9155 7] (k)
# PREGLG: ASFR 9&4 =&
PREGLG<function(time,fer,mu,b,lambda) # %1&37](time)
# 8 T &8 A
coef(GLG (asfr[,i],fer=3,mu=30,b=3,lambda=-0.3))[1:4] #Z7]% Y
sim+GLGmodel(glg,x) #nls.lm 37| 2] AHES 93 A& A3
residFun«function(p, observed, xx) observed - GLGmodel(p,xx) # residual
coef(Final(asfr|,i],mu_asfr[i],b_asfr[i],lambdali]))[1:4] # dA=dE B¢ A
FITGLG(S2asfr[,1],S2asfr[,2],S2asfr[,3],S2asfr[,4]) $glg # Jd=d A" S48 = F
autoari(S2asfr,1,98,1,50) # A7hE 24 o=
colSums(PREGLG (50,temp_c,temp_mu,temp_b,temp_lambda)$glg # A|ZHd AHE E4H& A=

ZA9) AR Lotk Ad HPL A8 BB A3 FrHow, FHERS ATAFLAEL B
A3l wet St £E2H T, olE ) SREL Leslic BL AWTHOZ oJojA HFAoE ATF
AZ AT 5 J=F 7RG

QTHE 32909] 24T} o ZL AT AURE KOSISH E4, AP, FAI015 (NF<, 2F)7hg0]
W, ATEAE £2L 98 JURE 249 GLG 2, Aol LC-ER, 34059 FDM B@o%
229 o5 24N, AFATITh ARATE FUSE AYAT(T194 A7)E B45A =
o). o] BE AREL BAHE) KOSISo AFH T gov <47 thess 0 5 982 Halth

ofdl oML PFolA AR JATHE 3297 FEERAYCR AFFAE AET S JER X
. 27t

AR &4 R 2L 5AZ AL 1, 294 2448 AR 279 243817 9%t list
215 A3 (structure E-8), 3dA4l= ASFRE GLGREZ o2 FH33el7] 93l GLG, GLGmodel, Final,
FITGLGSE dAFo g e, £3] R 317]%]9] minpack.lmoA] A&F3= nlsLm S-S &85
o A3, 494 = MAE glgst2 #33 (mean absolute error; MAE) A3} FAHE ZF3E
< EUZ AAE o5 (Auto.arimadhy E8), viX o g 2HE R4S &85t A)ZHE dRE 2
Ahg 274(1970-20673)3H 1 PREGLG 342 #H5 0] o] %(2068-21174) 2742 243t} old A4
9] 8 S5 Table 3.19] 273} Figure 3.12 1970-2067d 2 4719 4 A3<} 197021173
ASFR W35 HojF1 it}

=R AE R 22392 5TAE FAE 1, 28 48 12949 Fgsid, 3TAE AVGE
LC 283} 7gj4de Lesh LEled42, LC-ERS ¢, LC-ER %8, 73 LC-ERY] 7|tj4wHe
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Figure 3.1. The pattern of parameter on fertility model for 1970-2067 years and TFR, ASFR for 1970-2117 years.

bUx, LLG, LELLGE+2 T35ttt LCETE aq, b9} k8 B 8 A3 B+ (apply(logmx,
1, mean)), singular value decomposition (SVD), b, &} ki8] A F 2AILH (D b, =1, > ke = 0),
ke &L 93} random walk driftf50] 8 Ygog LA LElc3SE 0AY 74y, 9
H 7y AHg57] 98] AEE(survival rate) (Preston 5, 2001, pp. 266-269)& ©]-&3}3
th bUxE4E 4 (2.3)9 bhE 73, LLGET+ 7189 LCE9 235 &8st 4de wd
A1 (804)S Ztot 804 Ax} T = PRk, ) HL LCEre} 74w, o]+ LC-ERE4} 7]
e HEES skiek. B3 LELLGEr+ LCEre) fAkSt 2807 TRt 4WAZ A%t
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Wy E85Zolth. ASMR %4, o5 8 34E Table 3.20 4708k Figure 3.2¢) 2117d7k4] €]
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AR FA0)F R ZEIAE 5THA2 ZARD 1dAE &4 1949 21, 294 = ZA 059
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Occurrences/Person-years of Exposure to Risk of Occurrence’@ Zelstr}. wepA &2 EX) Ylo
AE 7I1ZF Yol B AHATE, 2R 2 717 ¢ ATl A%d AHE d 9 FRXE
o u)eka1, o8 ReIME A A5 xapply(F4101 5415, 2, cumprod)’ 2 @3 38 FDMR
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3o] 2171] Apmo) FDMEHE £ §3te] 27E S2aTH WATE o]l Ade] AEHAL AZ7
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Table 3.2. Most important functions of ASMR estimation and prediction

# LC 23, LC 29 7}k life table

LC+function(mx,trial,targetyear) # mx(AF&-g), trial( 72} 2244 tin] A& oA 315),
targetyear (¢l & vlA| 2 %)

LElc+function(mx,lcax,lcbx,lckt,lemx) # lcax (LCY az), lebx (LCY by), Ickt (LCE] k),
lemx (LCY] log(myg))

# LC-ER 23, LC-ER 23 7}k life table

bUx<—function(lcbx)

LLG+function(mx,lcax,lcbx,lckt,lcmx)

ol

LELLG+function(ma,lcax,lcbx,lckt,lcmx, tempsex, targetyear)
# life table : Coale and Demeny (1983) west model, ag, a1 AFEEE, ZA AT, 7+ 52 AH3
a0+ function(m0,sex)

=5

al<function(mo0,sex)

life.table<—function(mx,sex,width=1,ax.method=*“split”,radix=100000)

ANV (mx), 8 (sex), 1] 2 (width=1), £5¢] 2 £7]7 (split) 2§, 108 71T

# 38 3 &8 A

LC(male,1000,2117) # A AFG-E, 10000 AlEF o)A, 21173 oS v A=
LElc(male,lcaxm,lcbxm,lcktm,lcmxm) #SAASE, FHH LCY ag, b, ke, log(mg) HFe 71+
LLG (male,lcaxm,lcbxm,lcktm,lcmxm) #LCoA FAHH 7+5S LC-ER 2ol U]

LELLG (male,lcaxm,lcbxm,lcktm,lecmxm,tempmale,2117) # LC-ER B8 o2 3% gE9 7|u4+H
a0(mx[1],sex) # Coale and Demeny (1983) west model, ag, a1

al(mx[1],sex) # Coale and Demeny (1983) west model, ag, a1

life.table(exp(LElc(male,lcaxm,lcbxm,lcktm,lcmxm)$all),“m” width=1,ax.method=*“split”,radix=100000)

#SA ()P E £F, 14 24 (width=1), a. =59 T 71" (split) &8, 107 7HFA+

LC-ER for male LC-ER for female Lee-carter LC-ER
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(a) Mortality rate by gender (b) Life expectancies by gender
Figure 3.2. Trend of mortality rate for 20182117 years and life expectancies by gender for 1970-2117 years.
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Table 3.3. Most important functions of international migration estimation and prediction

# demogdata, demography 7141E AH8317] 918 FAI01 58 A= 09
demogdata(data,pop,ages,years,type,label,name,lambda)

# ThAs AAQ HBS 454 FDM
fdm(data,series,order,ages,max.age,method,lambda,mean,level, transform)

# AAE ol % forecast

forecast(object,h=forecast horizon,level=C.I,jumpchoice,method)

# %8 B B A

demogdata(data=d0018mi_m,pop=popm,ages=c(0:max(age)),years=c(2000:2018),type="migration”,

label="migration” ,name="male”)

fdm(dmi-mdata,order=2)

forecast(dmi-m.fit,h=49,jumpchoice="actual”)

Domestic migration of male by FDM for 2000 to 2067

Domestic migration of female by FDM for 2000 to 2067 foreigner migration rate of male by FDM for 2000 to 2117 foreigner migration rate of female by FOM for 2000to 2117
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Figure 3.3. Trend of domestic

Domestic migration number of male by FDM for 2000~2117

ae ae ae

and foreigners migration rate by gender for 2000-2067 years.
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Figure 3.4. Domestic and foreigners migration number by gender for 2000-2117 years.

2rE3itt. o] 2EL RoJA projdrEoz AR projol A 875+ #2 Nf, L, f, If, Nm, Lm,
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Table 3.4. Most important functions of Leslie matrix for cohort component methods

# demogdata, demography #7]x& AH&-3t7] 93 Aol 5& A5 Y

proj<function(Nf,Lf,f,If Nm,Lm,Im,SRB) # TS E Q91'HE Leslie B2 FTH3}o] AFLE &3 T
# proj ¥4 &8 Abel
proj(as.vector(datfl1[,2]),as.vector(tempLx_fL[,1]),as.vector(tempasfrL[,1]),as.vector (tempmi_fL[,1]),
as.vector(datm1[,2]),as.vector(tempLx_mL][,1]),as.vector (tempmi-mL[,1]),1.05)$pl # <3*J2] proj
Table 3.5. Most important functions of R program for population projection
Function Goal
GLG nlsLm 7|75 AMS-3te] Guts}l 2 7upm sy A3
N GLGmodel 27X W9 o]=o]l A3 23}
Estimation K . . . .
Final Estimation and Checking Residual
Fertility FITGLG B¢ 23S GLG 280 tigdste] ASFR =&
Validation MAE_glg Mean Absolute Error
L. autoari projection for parameters
Prediction o L
PREGLG Model building by prediction value
Estimation, LC Lee-Carter Model estimation and prediction
Prediction, & bUx b of LC-ER model
Validation LLG LC-ER model
. LElc Life expectancy for Lee-Carter model
Mortality .
LELLG Life expectancy for LC-ER model
Life Tables a0 Below age 5 by Coale and Demeny (1983)
al 4a1 calculation
life.table AR (g2, azsleyday Lo, T, e0) 55
Creation of demogdata demography 3| 7] A o] A} A| 5= += demogdata
demogdata AR ABA
International Estimation, fdm Functional Data model
Validation
Migration Prediction forecast ZA|o)F dAFE o=
Combine two combine. demogdata AZX]2} g ZXE gx= T4
demogdata demogdata
Cohort Component Method proj Leslie 3§82 o] 83 ITE QWY 3 & QL34

¢} S8 HFo|t}. Table 3.4 projd<rsl &8AE RSt
z]lv}x] Arst ol = 3903 FFTEQ M R 22329} /2% Table 3.59F Zo] He A}
© 2 2000~ 2 TA7FA] Aol W A o3 0] (Figure 3.5)2} A3}Z Table 3.6 A 2|5ttt

Figure 3.59] &= 79 A, A, 7= FAL 20174, 2028, 2067d-S FAIS ZlojH, 2017d
2 FAAY A AFEEFA Y AZFolHA 7|EATFE, 2028W2 F 4 AH]E 1.052 7193
< o G vlFo] I A= FAO AF FAHANA sHEEAE AdE = 2 FolH, 20672
AFolA 211737HA] &S AlZtehe AARE Aujgith 5 292 GubEQl AFTx ¥3kE
HE F A& 34 A58 FUA F2EF(0-14A4]), BA7H A7 (15-64A4]), AT Z (654 o] )22
B3t 2117dA7A] FolE YeRd Aolth. 53] 2018 o|F B4be 17 A FolE M 1,
BE2 2060 37HA) = FS7HEAIE Holthrt 20609 SREC| S RE Ak A S WAt

;F
=

RO

ZAA3 49 Ed doll= ¢k 39304k, 2117de]= 21209 AE 428 UYehd o7 o
T} 2028 75530171 5,200k A 90 § 2117'd9] <F 21209k 3] Hojx| A9 40% 7

A o,
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Figure 3.5. Population projection for 2000-2117 years.
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Table 3.6. Population projection for 2067-2117 by gender and ages

2120

year
Age 2067 2077 2087 2097 2107 2117
m fe m fe m fe m fe m fe m fe

Total 19454 19840 17144 17453 14807 15298 12811 13335 11435 11899 10374 10757

0~4 551 522 487 466 403 386 359 345 338 325 292 282

5~9 538 510 522 500 445 427 369 355 350 338 315 305
10~14 544 516 543 520 484 464 400 384 355 343 335 324
15~19 623 592 531 509 519 498 441 424 366 353 347 335
20~24 698 666 539 521 541 523 481 468 397 389 353 348
25~29 753 739 621 620 532 533 520 522 442 448 367 375
30~34 843 834 710 713 553 561 554 561 495 503 411 422
35~39 905 897 770 774 643 650 554 563 542 550 465 475
40~44 825 825 853 854 727 732 571 579 572 579 513 520
45~49 802 808 917 918 785 790 658 665 570 577 558 563
50~54 1110 1107 836 845 870 875 745 752 589 598 591 596
55~59 1209 1197 836 850 940 942 806 813 681 688 593 599
60~64 1216 1193 1120 1115 855 866 891 895 768 772 613 619
65~69 1634 1557 1232 1216 849 863 951 955 823 826 699 702
70~74 1916 1747 1225 1207 1113 1117 858 871 896 902 T 780
75~79 1683 1595 1554 1513 1186 1200 828 857 935 952 815 827
80~84 1468 1548 1688 1637 1093 1142 1016 107 800 845 847 881
85~89 1232 1501 1220 1310 1140 1260 18 1034 662 755 776 857
90~94 641 957 657 873 824 1001 75 737 569 721 482 601
95~99 228 437 263 450 289 430 287 434 261 394 201 302
F: 9 (HAW), m male, fex femaleg o n].
£ fEolil, ol AEA 1s} BEY APz d¥e 77 vEom @Al dhifol
g AFRW A9 fAS HES Holu 2025-2030d%F ] oj4do] FAtEDE It e AT £FES
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HolWA 11 Folg A= 2 & & Atk 20670 FAE= 1,945%, oAb 1,984%F $Fo|H,
50 o] % 21170l @Ak 1,037, iz} 1,076Wte.2 o SH ). olE Tz]h 20253 EAke] A
72,5977, 20303 oJxke] HAS ;L 2,5987ko]| w]s) 206732 74.9% (A}, 76.4% (AR T5% =
o7 eERA g, 9 gaFolzt HalA 2117de 39.9%(EA}), 41.4% (I Zh = 40%FFo= 50
Tl 35%p7tF Fas o] HgA A b= £A7F mEdTh. AnbAQl 2000-2117d Q13 A= Figure
3.500A BHld = 9lom, 2028'd o] 59 a4 Fol7} ZptEal ofd FAZE AEE A-p-oll= sl 2ol A
T JAFFE 5, o A A™ 5ol2ke A7 AIHGEFIRA, 2018; BBC, 2019)2}
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