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Abstract

Since 2000, Korea’s total fertility rate (TFR) has been different from that of Japan, Germany, and France
where irreversible constants do not change easily in the fertility rate increasing or decreasing phase. It also
showed a gradual increase from the minimum fertility level 1.08 in 2005 to 1.23 in 2015, which dropped to
1.17 in 2016, to 1.05 in 2017 and to 0.98 in 2018. This is similar to a double dip in the economic status of
a recession. This paper investigates such a TFR increase and decrease factor that predicts the number of
births affecting TFR, examines trends in the proportion of married and marital fertility rate broken down
by TFR decomposition method. We also examined how these changes affect the change in TFR. According
to the results, the number of births is estimated to be between 320 and 330 thousand in 2018, 300 thousand
in 2020, 230 and 240 thousand in 2025. The proportion of married is steadily decreasing from 1981 to
2025, and the marital fertility rate is predicted to decline until 2002, then increase from 2003 to 2016 and
decrease from 2017 to 2025. Finally, the trend of TFR in terms of number of births, TFR decomposition
and statistical model is expected to show 0.98 in 2018, 0.93 to 1.11 in 2020 and 0.76 to 1.08 in 2025.

Keywords: total fertility rate, double dip, number of births, TFR decomposition method, proportion married,

marital fertility rate

1. ME

£ 9 (double dip)ol&t FHolgh= 59 doubled} F7sttiete 559 dipd] FAH1E B3l whA gl
9 A717 dAIAC R B EH T Tl FAE EokdE AAELE €2 E fololth &, A7F
AE &7 FAETHE thal AA O WA= o]FAA LS gvgitt. fEjvet FAEAHE (total
fertility rate; TFR)2 2005d 1.089 2] A&S A3 2010d 1.239, 20153 1.24H o2 F7} FME
Helony, 20164 1.179, 2017 1.059, 20184 0.98% 2oz Wojgon o3t 37
0 ASE Ao AWt . HEH ol#d E4be Folv A Th e A,
#¥3 gttt B =72 old BES vhx HEH T+ tE {3 (double dipping) ¥4
FZste] o] go]& o] HEH(H)EAHE (double dip(dipping) fertility rate) ]2l HH 3}
At} shet. Figure 113} Zro] 22 159 d7ke] 48 Fol& oW 20050 %
Holt}7} 2016 o) sk AR WaE o] uhx] ol FAAe] WAL Y B Ee
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Figure 1.1. Comparison double dip curve with TFR trend for 15 years.

A3 AR a8la A8 E AR (age-specific fertility rate; ASFR) $Fo.2 &5+ TFRS A%
A 7HdAg et 2ok AaFelE 18P W, TFRY 452 944 g 2AZ4 H(low-
fertility trap) (Lutz 5, 2006)°] w3 25-E& Hojx ok o]d dH2 tjE Ho] =3 9+ o
2 999 $AsTh 286 A2 129 5% Sl TFRE AARE A0 S/15H2 Bl =3
2o, %9, QEAT v (imeversibility, AL 5|} 447122 SolAE o HEA7 47
e )R A5 YE Holt ARE chenk

ANAFE TFR ¥F AJA=SH Folo] A Fsta &S the AFAFSol Bt WA =
2 Aete] 91 FF FolE A58 Lee (2012)& E4HE Ate] 9dS w3 AYALE iR
E2 32 7T EY EbEd O 23898 B4 (Jeon, 1997; Jeon 5, 2002; Lee$} Choi,
2012) YW ZoE B 4 Qlrha sivy. aEa E2E4kgo] uie W fEuEkel e AR A e
T8 &2HS (marital fertility rate; MFR)3} f-ull-& H]&(nuptiality rate or proportion married;
NR or PM)o] TFRES ZAs= £23 290zt A3t} 222 Kim 5 (2016)= Bongaarts
(1978)2] &4t tgt =429 H=9 (proximate determinant approach) 22 &4 HE Q9&5&
Tttt o] HE S4RE Hdke A 2899 W3R FasiA £48 ¢ Svke ZPEelA e
3L, E4HE W3l FololM FAEE B4 ME o2 28 AEC] HME e WYFo = Wsst
3 J7] wigel Vel dAelgtal st B =72 o] A'dE& TFRE (decomposition of TFR) 2k
I BEs7|E stk o5 9o FAA RYL 7HPst TFR Fol& o &she AATL7 Ak o
£ AT 3 TFRaAE ] eels A5 olof ek 4ol 1% (Park 5, 2013)343 gonz
e Y A8 WEo] A4 F A9 ol2)F Aol AEA G & Atk Wb Park 5
(2013)2 FASAHAH S 4R ME OE F /9 F27F 18H EFAFE(mixture of normal
functions) & Attt AF7HA] A0 E APATE HAF SR S4H8 Ahdd, HEad 23, 23
o] 7123 A4S o 2ol 2P| WHA gon, 5 BFA Y22 ASFRo| thsl] 24A (parametric)
" (Jeon, 2006; Park %, 2013; Eom¥} Kim, 2013; Kim3} Jeon, 2015), ¥]E 47 (non-parametric)
A (Ramsay$} Silverman, 2005; Hyndman3} Ullah, 2007; Hyndman %5, 2013; Kim¥} Oh, 2017;
Kim %, 2018; Oh, 2018b), #]°] A ¢H(Bayesian) 'Y (Alkema 5, 2011; Sevcikova %, 2011; Raftery
5, 2012, 2014) #g3ke] %, 47 TFRS A Z3h9ich

B =F2 A7 ARE AgATE EUE 1599d 5 TFRY HEHT fASE Fol& Al 71X
A 1 AL FHI 1A sttt AA, TFRESS 29 APA1LE Ta Levtete) 24
& A59) FA o e B adg . =4, Z 24 A S0k, EAAENE (marital
status) H|F, MFRE 33t} AA, o]& A4E =&22349 Al & 1183 %-2uet TFRY
FF FolE AFEI F 2A(PM, MFR) W3}7} TFR #3te] dupy 7]ofst=A& F7Heltt.
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a8 & AFe S ZE oA APATH o IS T Atk AA, AFF
Ab, IFEEIAIRE &85t 1 980”‘ o]l% TFRe| ®3HS HEHE, FolE vttt 1
973 wo) 9% AR B0k, TAYHE T, MFRe] thel 248 mQ D0} 2
u]—(genemhzed log gamma model; GLG) 23, 4Wks}A 3 2 3 (generalized linear model; GLM) 3}
ALE 2%, g2 dolg 23 (functional data model; FDM) 5& #-&3) 0|52 v|eighs 33t
o]E %33t TFR F0]2 A9 Ect}t &4, g TFRS E844 (uncertainty)S WEsH= o &o|m
ikt Aluel e AAIZE DRttt SAokeet 7l ARl 283 PMY} MFRE] 3§ Fo]& Ed)
2 E£3% TFR, GLGEHS 48 ?l’ FR, &3 &219 AUE|L 5438, 393, F8Y 5)=
al

28t TFR, 18] TFR} A9 <78 wi4g GLMO & Ad¥3te] TFR FF Fo|8 dolir}
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2.1. kg Foliet ot=d 2ol ==
ol S4hg Ballol 2329 Hage AFATE astn $Evet 48 Ak Z e B

o
WA Retherford?}l Cho (1973)0)] w2 2ol A oolX SATE Bla), A aMe] AXIFE

Pl(a), f(a)& A EE1Hgoleta 311, TFR2 4] (2.1)3} 2t}
TFR= [ f(a)da | Brggde < (2.1)

L= EolEato] 3% wwkolw (KOSIS, 2016) 247471 WA &Qlof| 7]ukst
olmg ZAlols fule oA EAotE 5 4 ook meEbA 4] (2.1)2 ARFE [l o
(P (a)) 5 F7k5to] 4] (2.2)9) 2ol ZAHATH

w . [“ B(a) P™(a
f(a)daf/15 Prm(a) PFa) / fm(a (2.2)
H ESAATE S AR FR U Zol2E ARE MFRE,
_(]3_

9 A (22)004 98 A 1L A A%
A 282 22 A= ko] Y= Ful> Ao HE(NR or PM, m(a))olth. wd AFAS (4,7} Lo,

t1 < tz)o] W2 TFRS] W3lE AH WY 4] (2.3)7} Zr}.
ATFR = TFRy, — TFR,, (2.3)

= /1: Fm,ts (@), (a)da — 1: fmt: (@)mi, (a)da
3| f@ma@aa= [ f@m @

3 [ s @ma@da= [ o @m @

1: fnita () + fin.ty (@) [mi, (@) —my, (a)] da—|—/1:)—mt2 (@)+m, (o) [fm,ts(@) = 2, (a)] da

2 2
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(2.3)2 TFRE 9% PM3} MFR %43} o] 2 2317} 7Fe @ Bl Qo). & 3fde] 13
T AIHY A= MFRe w3 A%d PM ool ofdte] WA= = TFR, A 282 F A
H PMO] H3 <158 MFRY zpolo 9fste] AAUE= £918 Hiojt}.

T2 22 Bongaarts (1978)2] &4to] ofdt 2729 HZHo|tl Bongaarts: &4k mx&= 291

o
lo
o

ot rlo 1>

A4, 244 890 ol FHATh A 808 A AL, 234, B94 80l1 2
A4 29 4714 ABA AW WS (=B80, 319), AFHAL AUSHe TABNY FALY,

A, 74717, BRER7170 59 AA Eakgoln). dubFo® v &2 003 AAEAE 292 &4k
off 3AA EFE, T4 FALAL RFHA &35 veRdTE (Kim 5, 2016). Bongaarts+
ol 8AES 4 (24)4¥ TFRE E3fi3te] AlAIBAT

A7 Cp T, Coe Y APE, Cote AT FAHE, Cie 3 =+ EYE, TR+ JAE
2H (total fertility; TF)S 2] u] st}

Bongaarts®] 23829 AW EA43 7P #3422 FU AT 2E Jeon (1997), Jeon 5 (2002), Lee
(2012), Kim 5 (2016)°]t}. Jeon (1997), Jeon 5 (2002)%= 1990-200012] 106 £} TFR 74
o 27 2eloz EAUY A%, MFR 459 78 o $2E ATHA BAAAEN} A% Ao
ZaRes ATAFHZ AASE Lee (2012)= 1991 ©]F TFR 747t 22 Ful$ oA vl 7
o) o3 2= vk AZ AAsHA MFR Ao 232 2& ?ﬂzﬁiﬂ SEE g ARte 2= A7)
HoZ TFRS =ol+ dH A7 J& & S F23%rh Kim 5 (2016)= TFRe] PM3 MFRY]
Harohe /1249 42 EE P MR 9 9] 57 S A3 ol AR Bz
&} ASFRZ} TFRoﬂ ot FHXE thdst Alvte] QoA AEFTEH

g

AT EAHE TFR )5S BHOR F25He PUTE sl TFRS A7AE 27, BAE 57 £
Qe Bl A4 Folst vl sl d3dos 4w OF 28 299 ¥ ¢ 9= 23
o] o, B =ro oahtal 2ihg A2 A= 29 27)(PMI} MFR)E 223 TFR %o]—g— 2w
w37 Bk

B4 282 EAH 198020159 AFEZAMA =
1980-1992'd 2| AT FA 9} 1993-2015d FWEE AT, EA4oks Az olth PML EA4EE
% PM2 42314 59 249 ARE 23 ¥ AYHES A8 2d Anw A8 sgon,

wl-- A& 4HE (marital total fertility rate; MTFR)2 Lee (2012)7} A|9Hst 4] (2.5)8 2A=Z At

15 Bi(a) p16 (a) 48 Bi(a) | a0 Bi(49)
MR =0 = Bila) Z () 0 Q;S Pi(a) 0 Py(49)’ @5)
A7 0% adell EAsHE Rul-ES YERNE, ol& 71YA= (154949l Hhel (.Y 50
13t 10] Hrt. webd MTFR-2 198120159 Full-9-&9] 7H5X1E 123 7t A 2489
S Hoj&rh Lee (2012)& 4 (2.5)9 7H4 270(1991d o]% 9] Eosdo] -f4], El

<
A5 o] ZAA] 19913 o]F e MTFRS 4AH=3tgdc}. & vk 1A
Eogjda Az £35S Zokditid o] ¢S 5 glemw L
#5f 1981-2015d E4E] W3le} 95 MFRE AH&38lo] MTFRS &34 th

T
©

ELorr ol 2
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Figure 2.1. Trend of marital status proportion by age-specific and pattern for 1980-2015 years.
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A B ottt Figure 2.19] F&2 1980-2015d 43 v&g, &

Hoj&rh AlZbo] Aol whel frul- AR Fo] ASsta Y FAe] FEfrf LEFROR o] 3
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£ & Y& Figure 2.19] 52 1980-2015d A= wEE, fule&, o]&&, APEE didelth
PTM3} APEE2 i, vl &8s o] 82 24 5

EAAEHAA 0.95F 5] 2 HFS AAFIL Qo] o529 WHIIt FF Folo AAHA ATS

. £3], 1981 A5 E PTML 20153744 R44¢1 7

¢h A olElg Fol MEE(l - PTM)S F7HA17]= 8Qleg Hojxith a2l PTM2 7™

Z {1 AEE dol 9IS Ao J|EE 717k &S HojErh

Figure 2.2 1981-2015d <13 MFR(age-specific MFR; ASMFR) F0]& Ho]Zt}. Figure 2.22]

R AR oA HojFe AX Y 1981-1990d A9 (15-184) %2 Ef &S0 u

2 7tAAR oA ST AR AR 0|59 ASMFRE 2HH3HE £2 &

o} ol gt b g2 FuleEARE] B Folo JFE v olE s YHoR <

T8Ha AN 27k FEyel Atk AA, AAdHFS TFROA ol F AL uFE AAstez Ao

BE(15-184))9] FulLEAHES E4H8 BP0 2 At E&3 ASMFR FHA 2 thalshs U,

EA) Ryder (1990)} Evans (1986)9] o]d T EQ] 52 7hgA0w T AFTESA dFFS 1|

Aths A7 HdS Agste] A A, ALY Ful 2482 thalsh= Zelth Figure 2.2 F

WA el Al A 2ol o5 WS Fgslo] £EH ASMFRIHolth Aulzow oy FAS

o|HA AlZke] EFOl whet AAF] £5OR o]Fd BES YERA ot I3 AN AeR 3

FEAT o] FoA AL 95& HoETh

MTFRE £&317] Sl3l 4] (2.5)& &85t 4H&s 23} 2000-2005d0] o] Hal 1 o] A3} o]
S7HAE YETh o]E9] Folg 2190 ® TAEY Figure 2.33 2o, Figure

2.3 248 289 UiAl(F)S TIE AHARE F43 A($)E HojF k. 1981-1990d 9]
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Figure 2.2. Trend of age-specific MFR and revision of MTFR for 1981-2015 years. MFR = marital fertility rate;
MTFR = marital total fertility rate; GLG = generalized log gamma model.
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Figure 2.3. Trend of MTFR for 1981-2015 years. MTFR = marital total fertility rate.

MTFRE Ok} TH 11 0] F9) Axo] MTFRS A9 §43e Btk dea A& 4as
PTM 74 A= th2 A MTFRE 2000-20021d A& 2 7haoi 27132 viAE s A4S o
Bl HRAQ 2718 HolZrh MTFRE 1981 o 2.53—2.66"3 Az A 20009 1.14H 744 74
slchr) whsalAl 20154 1.83W Ao vEhdth. &RA|wk 2016, 2017, 2018 el 743 TFRE
¥ o) FF MTFR2 S7HAEthe ZAaFAR Eobd 7ol rha dddrt

HF

4 HEHE A AW JARES A3 A5 T F A4 AAFE A1 S AJAA oflE 2F
o $2eES Bl Fo S AQAE JhedokstEz A WA JAHL 200502 st
o2 2005 o]F 2015d7kA Z7H 8-S KHolal 2016(1.179), 2017(1.05%)doll =480 37

%
sto] o] A7F 2018 A&E AAA 7L vl Fas FalAo|BRE 2017, 20181 133191
t}. wEhA 2005 TFR 1.089, 2017d 1.059, 2018 0.989 ] Al AlF o] 248 tjEY (HEYS
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Table 2.1. Comparison of demography components for 2005, 2017, and 2018 year
2005 (TFR = 1.08%) 2017d(TFR = 1.05%) 2018 (TFR = 0.989)

ZA o1 (7FY A= AT) 438,707(13,670,214) 357,771(12,520,068) 326,000(12,334,775)
A% H 30.23 32.6 32.9(e)
PTM 0.548 0.440(e) 0.432(e)
MTFR 1.109 1.824(e) 1.771(e)

()= FRAE YnF, AR ITL 19932017 (FAH) FAE deIA2H ez A% TFR = total
fertility rate; MTFR = marital total fertility rate.

ASFR for 2005, 2017, and 2018 year
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Figure 2.4. ASFR curve of 2005, 2017, and 2018 year. 20184 ASFR2 3Z0IM 2T1lE GLG23 o2 AMEtolo &=

FARl. ASFR = age-specific fertility rate; GLG = generalized log gamma model.

£ W A7|E fdsie] o]F AIF9 PM, MFR, &40k, ASFR §3 2-& QA73Hd w4
2t} Table 2.1 w2 2017d, 2018'd-2 200532t} TFRo] 0.03%, 0.1 241, o]
<ok Aboleh 7 AR RN Aol 242 oF 77-1113 9, 1160-13354 .2
. B3e) PTM3} MTFRE A5 R, PTM-S 2005d9] H]s) 0.108, 0.116 8% x}o] & Ho]

TFRS 200505} & £X& Rolty. TFR Z4S 49$&(PM)3} #9548 (MTFR) £
Sal A s E A3k MTFRECH Gu)9-g3 EA0ks:, 7hd e ol ez 2% TFR7

z Bl
i<
fu
k)
X,
o
rlo

Mr g o o fo

BT Zradd MTFRE S7lets Ao® yepdtt. X3 Figure 2.49] UERY gl%o] o] AlE9
ASFR 32+ 2005 Xt} 2017, 2018 0] FEEAHAE 0] =11 S4AFAR U7 GA AANE AL &
S Atk o]+ 2005 dE T Z2E Ao w2 vEHAY E4HAF 0] B2 Ful¢E AYsE vlEo] 4
Ao g WS HoErh o] 12-13\d7He 7MY AR A7e} S0+ 4 E s EE S2u
g 4t o] (&Aoo g 4537 oele AT FRE FAFH /M AS HolFEnh

3.1. S0 o=

<S/okrs MFR AHgel 7127 a1 TFR =20 FAHF-2el sid=nh. webs A& S0k
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Parity for 1981~2017
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ANA u(e)e T, si(0)/nol sl 2D BEBeT BRE Aol BE 2IEHE(FAN)D
O, Biidi(x) (t=1,...,n,5=1,...,J) T+ FAAEEA (functional principal components
analysis; FPCA) (Ramsay 2} Silverman, 2005; Kang3} Ahn, 2006; Hyndman¥} Ullah, 2007)& A}
8310l 2RHOIAH J < ni AH FAR SolTh @ = {61(0).....00(0)} = IS BHA 74
Hol gtoz AW 7]A %4 (orthogonal basis function)o]al B = {Bi1,..., L tE BAHE FAE
A<= (uncorrelated principal component scores)E2] Ao Z A|AE AFE oujsic}. 4] (3.3)9A4
Je(z)= AT 9] A% ool et FEE 2AEE(E4 M) In fi(z) 013, si(z)E FET4(smooth

function), €.+ SHA | FL3A BxH RFEA FEUTOIL, ov(x)E A o] A zo o
2} ¥k 59 °k°]er- 5, ov(z)er® F5H ZAEAE(E M) BEH F49] Aol #5
FE ofujgith. 4] (3.3)9] F WA A2 Azt whe} WSS si(x) 2] WIE AWehe BROE )
u o] de] F4 —Er" A3 FPCAS AME3te] B89 FAl ()& AuTS AR vldd =4
& e g 2ot FDM2 A wA) FA4w0] sk 1A F4%00 tsixle o AAE

By AR A7t 29k ZE ARl FDM e 2 A AAY 23S Akaike information
criteria (AIC) 53 22 23 w1 7ol A o] Aeigity. o] Ry tigh B} ApA|RE A2
Hyndman¥} Ullah (2007) Hyndman¥} Booth (2008), Hyndman 2013), Kim¥} Oh (2017), Kim
% (2018), Oh (2018a)% Frzstd Hrt

22 ASFA Z = {filz),..., (@)} @ = {¢n1(2),...,¢s ()} ZARZ fuin(2)®] KA A5
A5+ A¢ (3 1)l 93N =& 7153k

ofrt

J
Frinin(@) = Elfasn(@)|Z,®] = () + > Butninids (@), (3.4)

j=1
A71A Brinin,;-& Hyndman¥} Booth (2008)] ,]a} A4 B T ARIMA 237 22 die A
ALRY S &gt &3t 5n+h,J4 h @A oAlSg vttt 8|1 BE FARSS JuAE Hol

g &8-S o o] & 7hsdith
b ynin(2) = Var[fuin(2)|Z, 9] = o}, +Zun+hm¢g( ) + v(z) + o7 (2), (3.5)
j=1

AN of ()5 (z)D B4, Unining S Brtnj|Bijs .-, B ATy 183 v(z), of (v)& 42

o7 = AFEH HEE 18s GLMAF 2ot S0 d&5&

Sl @“3 &l ‘ﬂﬂ-’ﬁ ZE74, ASFR, E4k=914 %Ago}_,— S FAEtE,
7 & ﬂ?ﬂ%’\‘_ golrt. O]% g+ A% %7}‘574] g KOSIS® A7 ?_]

24, QoA A3, o5 ¥ ]Z]'/‘ﬂfﬂ"é
Aok =3 FH AT Y (best model)_l_gq— =7
A (forward), TR (backward), T (stepwise) A1 &Y
Table 3.1 AIAH 3 AE AR Aifo|th

Lo
(i
4
jm
a:3
m

9 2AENE PASIES SR %

T FRAAEPE e GAE AE A FU8 A9t =
A d F Rl W2 To] gof AL, £I, p-

12 A% f4e RS HolFw gtk 24498 S40kre TFR| 4oz 22 9
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Table 3.1. Fitted model by stepwise and forward selection method for parity

. Stepwise selection method Forward selection method
h Ak 2FEQ2x t-vlaue p-vlaue Z=A27 BEEQA t-vlaue p-vlaue
A= —0.009 5.036 2.663 0.014 —0.002 0.000 1.882 0.075
zaAs —0.017 0.014 —3.478 0.002 -
zE45 0.023 0.015 3.583  0.002 -
TFR 0.847 5.072 3.672 0.001 0.749 5.470 3.325 0.004
1st S0l 0.453 0.014 75.259 0.000 0.450 0.022 44.962 0.000
2nd EAol 0.374 0.028 34.465 0.000 0.356 0.056 16.374 0.000
3th S0k 0.261 0.071 19.344 0.000 0.253 0.144 9.729 0.000
1st TFR —0.295 4.996 —3.893 0.001 —0.262 5.445 —3.499 0.002
2nd TFR —0.284 5.328 —3.160 0.004 —0.228 6.142 —2.636 0.016
3th TFR —0.318 6.858 —4.982 0.000 —0.278 9.048 —3.474 0.003

A, 3 Mg HE5R3 AIC = 518.80, AW HFEF AIC = 524.97. TFR = total fertility

rate; AIC = Akaike information criteria.

Table 3.2. Prediction on parity for 2018-2025 year

e 2018 2019 2020 2021 2022 2023 2024 2025

GLG  326,900(330,153) 315,775 301,396 287,018 272,639 258,261 243,883 229,504
GLM  326,900(331,755) 318,140 303,662 291,937 279,552 267,898 256,227 244,793
FDM  326,900(328,013) 300,125 273,956 249,463 226,604 205,332 185,603 167,367
(BAA) A8 2A015E 20174, S4okeL 2018W7HA] AE, 2018dL A& (&%), I o]TE o&

Z]. GLG = generalized log gamma model; GLM = generahzed linear model; FDM = functional data
model.

2 olo]E EAFE= AL}t ALl Amusy) uo] akE Y Aua o] AlLE= EANR O 2
ol whe} AP AEY T A AEg A7 AEste] SA0ME 55T (Table 3.2).
Table 3.2 2018WEE 2025371 3714 wog o223 ZAolE HolZEoh Al
2018 A2 ¢k 32,8337 W, 202012 oF 27-30%F ¥, 20250l & <k 177249k o7 o =Hr}.
3] 2018'd A5 (326 90073)t AZAE lloﬁitﬂ oF 1200-5000™ X}o]uk HojF] of % Azto] 2
A7F g2 & 4 9t GLG AL Z2FE 7|E2® L o AFAer FDML 1), GLM<
A EH Ak 53] FDML v24 38738 A8stng Ardos e £33 me gas
olx 9glon, mamaol GLGRF GLML 2022d7MA= A 423228 Holx|ut 2023y o3 2=
1-1.5%F B7kA] 2fo]& Kol 2oz BAF gt}
I#d FDM &4okre] $A3AE YT uhe £58 74snz B d3: FDM 23 3299, GLG
A3k F4d, GLMe 9 g3 o TRk, # A7E 23 HlwA] GLOSH GLMYH o2 4

k=)
I

© Hﬂ H%r S 1o =)

" o)E 5] FL o]
) v EE, AULE
2]32 ARIMA(p,d,q)& 2
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Figure 3.2. Prediction on proportion of marital status by using ARIMA with equal p,d, ¢ and FDM. ARIMA =
autoregressive integrated moving average model; FDM = functional data model.
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Figure 3.3. Trend of marital status proportion by age-specific and pattern for 1981-2025 years.
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Table 3.3. Prediction on proportion of marital status

Proportion on marital status

A
Single Married Widow

15 (1,0,1), —474.89 (0,1,0), 95.23* (1,1,0), —710.74
16 (1,0,1), —486.80 (1,1,0), 3.61* (1,1,0), —782.53
17 (1,0,1), —488.68 (1,1,0), —73.04* (1,1,2), —716.28
18 (2,0,0), —443.87 (1,1,0), —102.25* (1,1,0), —638.77
19 (1,1,0), —382.64 (1,1,0), —383.73* (1,1,0), —553.20
20 (1,1,0), —355.28 (1,1,0), —355.95 (1,1,0), —549.53
21 (1,1,0), —345.94 (1,1,0), —346.69 (1,1,0), —558.32
22 (1,1,0), —329.59 (1,1,0), —330.18 (1,1,0), —556.81
23 (1,1,0), —326.39 (1,1,0), —326.29 (1,1,0), —590.48
24 (0,2,0), —292.37 (1,1,0), —166.06* (0,2,0), —597.88
25 (0,2,0), —278.91 (1,1,0), —174.92* (0,2,0), —598.36
26 (0,2,0), —263.66 (1,1,0), —192.22* (0,2,0), —602.06
27 (0,2,0), —268.46 (1,1,0), —213.99* (0,2,0), —589.88
28 (0,2,0), —272.59 (1,1,0), —232.02* (0,2,0), —570.60
29 (1,1,0), —273.84 (1,1,0), —250.40* (0,2,0), —554.28
30 (1,1,0), —310.24 (1,1,0), —289.65* (0,2,0), —510.52
31 (1,1,0), —322.16 (1,1,2), —303.26* (0,2,0), —539.56
32 (1,1,0), —331.27 (1,1,0), —316.94* (0,2,0), —491.16
33 (1,1,0), —338.32 (1,1,0), —323.68* (0,2,0), —514.22
34 (1,1,1), —340.72 (1,1,0), —329.88* (0,2,0), —544.51
35 (1,1,0), —358.42 (1,1,0), —355.86 (0,2,0), —521.61
36 (1,1,1), —364.02 (1,1,0), —366.32 (0,2,0), —526.47
37 (1,1,1), —368.04 (1,1,0), —367.83 (0,2,0), —508.71
38 (1,1,1), —368.27 (1,1,0), —373.07 (0,2,0), —496.46
39 (1,1,1), —360.29 (1,1,1), —374.93 (0,2,0), —430.46
40 (1,1,1), —373.59 (1,1,1), —383.29 (0,2,0), —464.61
41 (1,1,0), —361.69 (1,1,1), —382.67 (0,2,0), —456.43
42 (1,1,1), —362.56 (1,1,1), —374.09 (0,2,0), —451.39
43 (1,1,1), —361.89 (1,1,1), —374.07 (0,2,0), —454.01
44 (1,1,0), —370.06 (1,1,1), —371.23 (0,2,0), —400.16
45 (1,1,1), —374.84 (1,1,1), —363.58 (0,2,0), —401.74
46 (1,1,0), —397.80 (1,1,0), —370.63 (0,2,0), —402.39
47 (1,1,0), —400.61 (1,1,0), —359.01 (0,2,0), —390.34
48 (1,1,0), —418.50 (1,1,0), —346.68 (0,2,0), —363.21
49 (1,1,0), —415.02 (1,1,0), —346.70 (0,2,0), —357.13

7t e ARIMAR 39| (p,d,q), AICFL. o|&& = 1 — 0 && — #9158 — AP &, *Box-Cox (A = 0).
ARIMA = autoregressive integrated moving average model; AIC = Akaike information criteria.
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Table 3.4. Prediction on MTFR for 10 years

A= 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
MTFR(GLGHA) 1.83 1.85 1.82 1.77 1.72 1.67 1.63 1.59 1.56 1.53 1.50
MTFR(Neighbor) 1.83 1.90 1.85 1.79 1.75 1.69 1.64 1.60 1.57 1.54 1.50
20153 A=x], 20161d-2025d FH%]. MTFR = marital total fertility rate; GLG = generalized log
gamma model.

(GLG replacement) ASMFR for 1981~2025 (Neighbor) ASMFR for 1981~2025
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Figure 3.4. Trend of age-specific MFR and MTFR for 2015-2025. MFR = marital fertility rate; MTFR = marital
total fertility rate.

Table 3.3% 2tk Q3 TEEE FAR ARIMA BES LT 9ow, PM 5ol A = 091
Box-Cox ¥#o2 £2H $¥o| Bl 53] 25 3549] PM 3417} Ao w}a} 2 Wt e

1 o] A3k} o 2 wof|A] oFA

deAor 37kA WS vlasiEd, AEAQd AAD e A83
2ol gEg Heolrh. T2x 20109 0.55FS YW PMo] "AAFoz s 2025 30& < 0.35
FoR A5H UG

o2 MFRASS AFEZT A5 E4okest FHdTF:A +xE &83te] ASMFRY}
MTFRE 443 E Table 3.4, Figure 3.49} Zt}. dEAE AFsAS] T R% 2015y 1.239
2 A1 2016 1.179, 20173 1.059, 2018d 0.98W 2] 14722 W= o] FEZF o] A7} A
&0 2 olojd Zlog AYHY. oA 7|FRE 201597HA] S7FEAIE EYdW MTFRE] sjdo= o
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Table 4.1. Prediction on TFR from 2018 to 2025

A% 2017 2018 2019 2020 2021 2022 2023 2024 2025

EAot (A1) 358 327(330) 316 301 287 273 258 244 230
ZFd A= AT (A ) 125 123 121 119 117 114 113 111 109
TFR 1.05  0.98(0.98)  0.96 0.93 0.90 0.87  0.84 0.80 0.76

A% ZHE A&, Ao GLG 4 47 201838 A&X|(d&X))E AA. TFR = total fertility
rate; GLG = generalized log gamma model.

&g v]dnk. 2 A3 Figure 3.4 ofef BReA 2H7s3 e 2015-2016'd0] HAE A3 A4 3]
2055471 SIS 5 dste HelEth ERE ASMFRS) 4348 d3ud Fdgel sobda
REHOAE AFE  $ A oIt R 39 AEF S| el Dol ASMIRS F

AR A3} F Aol 2-30 & 474?% o] el 3] £F J%?H < ovjgitia £ 4 9l

2832 MTFRY 10d7He] o& 275 A9HEHE, 20159 1.8332 A1} 2016\ 1.85%Y APL An
20179 74 EZoba 20204 1.67H, 2025d 1.50% $Fo 2 =AHCE o]H o & Ax= 20164 ©
% TFRo| Zta& ZolA 2 0. 98‘34 o2 HoRHeAE A A o] IR Gl AsoE A
3= 7)71 oY AL HojZrh TFRE PM(PTM), MFR(MFTR) & 23|51 0|59 o&Zo] BE
227 YR E 20199 o] 3= Al TFRS ZHad 2oz Agd).

AZ7HA PTMI} MTFRE &3t 1 Fol& AFEton, ol A32 10497 TFR
W 2016d 1.24%, 20209 1.039, 2025d 0.76% o]t} 2016\ MFRO A5FA71 vigdd A7
2016d TFR 1.17H3= 2}o| S EO]Z]UP 2025A7kA19] TFR A= ZAFAE vHsta itk 53
2025\ 0.79H-2 47Zet 2AEA $E0 R AR o] Ao 2AESA= T A Syl Al )
+ A7 AuE gEle Aotk B} ApMS Ak} AlvtE] 2 A2 ool A Al
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4. ALi|Y gAHIELEE o552 J|0% EDt
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_Cg_’ §1~ng Diﬂ 7]1:1]-01] 1;[]_
%ﬁ Tﬁlﬂ °1E} o 5 & 3ttt WA gEA 2y 7Nte g 23
AFEA ZHdAR ATl &S &g3te] TFR W3ts Avioh o
%EE TFR —Erﬁﬂ‘ﬁzi 42" PTM, MTFRO| AAQ 28-S A8 Ave]e E4ojth. o=
TFR¥} #H9E AF73d W4E GLMLOg £&3t0] TFR 35 Fo|E AmiE Aoty oE BF
TFRe| th$t E4 ok, PM, MFR] & 43 A|AE vl E 943 20250 7HA] % F0]E 4buj L)
AR, EA0keel 7t A AT vLS &8s TFR Aol TFRL 1970-20171d ASFRo|| thsf
GLGEY o2 Agst &, 47) B9l A AEdt 28 EFFAANE EUE AAE S A
|3 B4gh FolE dotEdrh ofd d#Ae] BAFAHL Oh (2018)00lA thEHl flch. Table 4.1
2015-2025 7k &0k, 7HAARAT A& 5], 281 TFRYASLE A Zojty. A2
2017d TFRL 1.05°]a 201832 1% m|wkol 0.982 & (Fu=z FHZ SAHAA xS AT
Bfe] 20181d TFRL 0.977¢]th)Hch E38 TFR 0.984-L SA401471 oF 297k ¥, 0.8-2 oF 254
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Table 4.2. Prediction on TFR for 10 years
PTM MTFR 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
ets 1.24 1.21 1.18 1.15 1.12 1.09 1.06 1.03 1.00 0.97 0.94
ARIMA 1.24 1.23 1.23 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22

ots RW drift 1.24 121 1.18 116 1.13 1.11 1.09 1.06 1.04 1.02 1.00
RW 1.24 119 115 111 107 1.03 100 096 093 0.89 0.86

ets 1.24 122 120 118 116 1.14 112 1.10 1.08 1.06 1.04

RW drift ARIMA 1.24 124 125 126 127 128 129 130 132 133 1.34
RW drift 1.24 122 120 119 117 116 1.15 114 1.13 112 1.11

RW 1.24 120 117 114 111 1.08 105 1.02 1.00 0.98 0.95

ets 1.24 125 127 128 129 130 131 132 132 133 1.33

RW ARIMA 1.24 127 131 136 140 145 149 154 159 163 1.68

RW drift 1.24 125 127 128 130 132 134 135 137 139 1.41

RW 1.24 124 124 124 124 124 124 124 124 124 1.24

20153 (A=), PTM(ARIMA)«MTFR(4712 %2 PTM(ets)«*MTFR(4712%) Y. TFR = total fer-
tility rate; MTFR = marital total fertility rate; ets = exponential smoothing state space model; ARIMA

= autoregressive integrated moving average model; RW = random walk.

5, 2011)9] 3gAI9 2. 1(AFUA A Holu 1.5 SHAA7EA] S E Al olth ] 714 (under a station-
ary fertility policy) (UN, 2017)9A E4H&E o|&31a, oF&d M7 o= 5 FE31t7} THA
ASFAR Eotie Zo| dutdQd dide|tietar Mg stct. SRR fElvet Eoks A9 7H

S
ARG AFee] BAANA dEH = TFRE o]59 i e s dateln, AlA o= Yek= #e7k
g mhe 7as B Aow BoEh

=4, FaHer =59 F 2<% PTM¥} MTFR AAE 23S AE3 Alve]e 427 ot &
dollAl =59 PTMI} MTFRO taix] thFst Alvele s A8st7] sl oAlES7Eel 47 |4 (A
3 HE8AE F7F Z3 (exponential smoothing state space model; ets), A718A+A ol 5HE}
% (autoregressive integrated moving average model; ARIMA), & 3 (random walk; RW), 2
Hol gl FEHH(RW drift))S Hg3ste] AsEct. PTME ets, ARIMA, RW drift: 74,

RWE 433 Ak Zol2 Uelgon, MTFRE etso] 272 ARIMA, RW drifts ARA Z71=
om RWE 9A3 Z2ME Byt ol 23 AFE Table 4.20] A2ld9ich Table 4.20]A
(etsxARIMA), (ARIMA+ARIMA), (RW drift*ARIMA), (RW*47] S41)9] 232 A<A0E 19
RE AE ZAFAE Btk 3kA9 2000 ©o]F TFRe| thdt Atha ddkzlo] =2(STI, 2013)
PMO] ZH4AZME 73 uf 33 TFRS 74z AANE Aoz o= I8y & 397 1.17,
1.05,0.989 2] TFR ZHAFAH 2 I3 £ uf] o] & S5+ 2F-2 glth ohit ets«RW, ARIMA«RW
Z3o] 7Mg whE S8 TAadts A9E HAFAT ol 4 SxHt @49 TFRE HS 7132
A Zrastar ot
AR, TFRI} A3 A7E4 wigol tis] GLMI} AlA G A8 L
th B4 AREE AT Wpe EAoke, ERIAS, EAES AN, AT &4k, &
Ak=9] i/\H%O]E]- (Kim3¥} Jeon, 2015). 2 GLM 23S & 2! Z
7t BeES FAXE 4=t ol EFEC s AlIAE 40 202571 FA A .
5o 2 &5l thafiA 28443 thdst Al A (trajectory) = & 3H7] 3l Alvhe] 2 4714 (ets,
ARIMA, RW drift, RW)& a2]gtc}l. Table 4.3 %2319 37 A% 7Ur°lv‘r E49 ?—*éﬂ =
=99, 2458 TFR2 TFRO| &9 4&E vA+ Aoz Vet &k, 44, =
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Table 4.3. Fitted GLM by demography variables

H A2k EZFoak t-vlaue p-vlaue
log(9=) 0.003 5.036 2.663 0.014
Proportion of 1st —0.040 0.014 —3.478 0.002
Proportion of 2nd —0.029 0.015 3.583 0.002
Proportion of 3rd —0.047 5.072 3.672 0.001
TFR of 1st 0.334 0.014 75.259 0.000
TFR of 2nd 0.366 0.028 34.465 0.000
TFR of 3rd 0.268 0.071 19.344 0.000
TFR of 4th 0.143 4.996 —3.893 0.001
Conditional TFR of 4th 0.000 4.996 —3.893 0.001

AIC = 524.97. GLM = generalized linear model; TFR = total fertility rate; AIC = Akaike information

criteria.

Table 4.4. Result of TFR under GLM by various scenarions

Scenarios 2017 2018 2019 2020 2021 2022 2023 2024 2025
Gradual Increase 1.05 0.98(1.06 1.06 1.06 1.06 1.07 1.07 1.07 1.08

)
Stable 1.05 0.98(1.05) 1.05 1.05 1.04 1.04 1.04 1.05 1.05
Steadily decrease 1.05 0. 98(1 02) 0.99 0.96 0.93 0.90 0.88 0.85 0.83
Constant 1.05 98(1.05) 1.05 1.05 1.05 1.05 1.05 1.05 1.05
< S+ ASA, 201812 “é Z(A&A)E AlAl. TFR = total fertility rate; GLM = generalized

linear model.

[}
flo

(
iels}

14 52 A GLM 230 X35 o= AL 23H WeE9] A% 2o 4% 7HeTE 9|
3]
Table 4.4 T3t of| & A Bl (2] 4 2] & 7} (gradual Increase), 5~ 3] (Stable), A 212 74 (steadily
decrease), €A (constant)) 22 =&H GLM E3F 7|4t TFR Aotk 2025714 4714 AU L
Aas AR A&7 S7h 2ad 57 FERYS FAR, 20201 0.96-1.06, 2025 0.83—
1.087& vtepdch. oiek J3A a4 AEe 20189 1.027, 20259 0.83FH 22 7P @A FA4FH A
ok webAd AlF TFRFAE A4 4 sfdo] A 2oz ddkdrt

AF7HA Al 7HA o' TFRF 1S AR E gt S0k 34X 3A e 7t ez
24" TFRS AEAQA Aag HolA g e GLMell &3k B2 thst Ave|e A3E A
/\]f‘Hﬂr 201892 7o r AEY SAokret 7 AR AT H]‘E | A e F4% E"*‘i el
S HolAu 2025 Z2dE R o2 iy 23R E ¢ TFR(O.

A Ro|dAIE AFEE ARE A FIHA STHEAE EO]— Z10] &l

F7heh 2k SRR 0.76'8-2 AlAl ol= Ueke ol E4kE £ES HolA] ekgkon, vhef
& TE2 20250 HolA Avtd uPISw Sehstke ol g JAFFRE
AeN 2 Ho] AFF2E 7p71-e) &40l 2 S g A o] dasirt.
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Table 4.5. Summary of scenarion on TFR phase

24k Ao) 22 E4bze] 39
Alve el 35 A1 o7k sttt
1981-2005 2006-2015'3 2016-2025'd
TFR Adoin] 57 73F TFR Adoin] g4 3¢
Avte] 22 19881992, 1994, 2000, 2003 19811987, 1993, 1995-1999, 20012002
2006-2007, 2010-2012, 2014-2015 2004-2005, 2008-2009, 2013, 20162025
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Table 4.6. Contribution and explaination of PM and MFR on TFR by scenario 1

t T TFRA%  TFRp(M(a)o) TFRy  ATFRp(M(a)) — wWapdwe

1981 2005 ATz 2.142 1.074 —1.068 71.576

PM 2006 2015  Z7-97b 1.741 1.238 —0.503 —428.871
2016 2025 g4I 1.058 0.760 —0.298 72.466

1981 2005  ZHAaTgh 1.130 1.074 —0.056 3.754

MFR 2006 2015  Z7797 0.763 1.238 0.475 405.268
2016 2025 gATIE 0.803 0.760 —0.043 10.360

PM = proportion married; MFR = marital fertility rate; TFR = total fertility rate.

Table 4.7. Contribution and explaination of PM and MFR on TFR by scenario 2

t T TFRZA®  TFRr(M(a)o) TFRr ATFRr (M (a)o) Lk e
P 1988 1992 Z7V 7 1.931 1.761 —0.170 —78.397
2010 2012 =717 1.387 1.296 —0.091 —125.179
MFR 1988 1992 =717 1.396 1.761 0.365 168.323
2010 2012 Z7V7F 1.142 1.296 0.154 211.842
1981 1987 ZaF7r 1.824 1.532 —0.292 28.242
PM 1995 1999 a7t 1.625 1.406 —0.219 97.058
2016 2025 b 1.006 0.760 —0.246 59.766
1981 1987 a7t 2.208 1.532 —0.676 65.381
MFR 1995 1999 a7t 1.405 1.406 0.001 —0.443
2016 2025 a7 0.630 0.760 0.130 —31.720

PM = proportion married; MFR = marital fertility rate; TFR = total fertility rate.
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