116 20144 SiEE| HE0M H VA

M3

HIZ HE

L 97y ¥ =5
$Fyel= 201613 o] %ol Q13 21 2y(Demographic Onus)DA| 7} Z 2 ghel] o}
g Aol the B3} o) B ek BN HFe] Bas fa
% 29F 5 P A7k FASE AVE QR oux AT s ¢
ebehs oleld Al7I7k 2016 ol F ol =AHL ool i Ao AEo] A

W9 oA olo] sk B3 vie) FAVE Basieh

Pyl S22 QP tiA| S AR (replacement level fertility)?) 2.1t} & A3] o}gfjol
e, 20051 HAFHS 1.076014 20099 o]F 41d A< F7tel 2012 1.2972 Ho|thrt
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1) MaDonald, P.(2006). "Low Fertility and the State: The Efficacy of Policy." Population and Devopment Review
32(3), pp.401~510

2) FAEE0] 219 WS QPR EAE(replacement level fertility)©]ZFaL 31, 1.5Y W& Q1FohA] b A
(safty zone)ole} Gtk o] QAME e wFHAS oWl Fo| PO NI 5 ;% ZaHgolt)
(McDonald, 2006).
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TE AAE 7FesH StaL 7]E RS o) EAT AEAe w51 15, AnAg

ofgl, YA v To2 Al FAAQ TS vz A3 A 4

oxe] P AEFAOZ Igh 7IET iAot JISBAT fle AFFEY At

S VA Ho] A e WhEoke] A EX o gist 35,8t us soluA |t H3%
e 59 fotEo] Ay A7k QoA AUzt frojRAc s WE) o et EE

e o] &5 A U(active) =dF0] AASIL e HH-oF 714A 9] Aol & Al

8ol AA WA oz MUzt ZFo] AskE F Aok B A4 AT

(6~214)9] 7HAa2 o]ojA gue} W o 5SS Y skA |k

CE 3-1> 2 102 29| HFE Mg d SHENE

A%
S 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
o 1

A E4HE | 1.180 | 1.154 | 1.076 | 1.123 | 1.250 | 1.192 | 1.149 | 1.226 | 1.244 | 1.297 | 1.185
15-19A4] | 0.012 | 0.011 | 0.010 | 0.011 | 0.012 | 0.009 | 0.009 | 0.009 | 0.009 | 0.009 | 0.008
20-244] | 0.120 | 0.100 | 0.085 | 0.084 | 0.094 | 0.089 | 0.082 | 0.082 | 0.083 | 0.081 | 0.071
25-29A4] | 0.553 | 0.521 | 0.463 | 0.454 | 0.485 | 0.429 | 0.394 | 0.385 | 0.377 | 0.375 | 0.323
30-34A | 0.398 | 0.419 | 0.413 | 0.455 | 0.515 | 0.515 | 0.508 | 0.562 | 0.570 | 0.606 | 0.555
35-39A1 | 0.084 | 0.089 | 0.092 | 0.105 | 0.128 | 0.134 | 0.138 | 0.167 | 0.182 | 0.200 | 0.202
40-444) | 0.012 | 0.013 | 0.012 | 0.013 | 0.015 | 0.015 | 0.017 | 0.020 | 0.022 | 0.025 | 0.024
45-494) | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
A8 BAH(2013)
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AFME dEE FASE FolE ANAERE HFAIA AS3VI= Stk F =2
719AQTe] AR A 4L FolB 712 A AALEAS ANG F oS H)
TFR FolollX vpehto] Hx1Fom wkEsado] ZIaHal Jlar, S4kgo] wopx|ar Slth
231 200009 % E0IAE= 30k, 40} o FY] FAkedle vl B FEoE HEY Utk

AAE B4E 28l A8 E22HE 50|15 &E 7 (stochastic process) -2 7} g},
Aukz o g AJA DL /3 (stationary) S HITAL IHFSIAIRE AAI R ASE = thEe
AAGARE P9 HAA RS B9t Bk dndoz F44 dolHy AT
A dlolHE B AA D(non-stationary time series)©] TF-Fo|E g zFHIo|L;
A8e BN AAAALE BE F 2B,

B A7ellde A - e skl flsh Unit Test) @881l a0 & AR 5-&
A3 AAY THARMA, ARIMAY)S Hejdich 43 2 29092 AR 5 H9
RS £33 oSS s7|E gtk o]dl d#e] S 19 3-7]9 E=AETh

AT HI S A A
S_tationa{y ARIMA Nor_r —staﬁo_nary
Time Series U —— time series

FEMHZ(ZHR)

Unit te59 FFEOfF é’@ ARMA, ARIMA aa) ﬂﬁﬂ;’ﬂ@ o= )

X EF(Diagnostic)
@ Stationary Time Series
@ Non-stationary Time Series @ Overfitting Diagnostic
If ©, ARMA(p,q). AR(p)., MA(q) @ Residual Analysis
If @, Stationary Time Series, ARIMA 7] : true modeldlA] ©15}7F S17{L}
— AlAIA &EUF, A AN SZHOF, a2 B=-FIEHIA] 021 &=

FUREE G0 A s g ma, 7IME g

(Z=EHE S, QSAE, DW)

6) AAD g, MAPHS BESHE PRS TS A AYS <RF>2 P2
7) AAL BFol| tiet AHe ARBAY <F2>0] Fr)7)2 d)
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WA TFR AlAG] 3t Unit test 23 15M~394742] Z2H& Fo]l&= HRFo =

B9AT, o Buoz R o) ALE 49 AL 08

<# 3-2> TFR A7 ®-29| FH|Ed ©d 21t
Each TFR Each TFR Each DIFF TFR Each DIFF TFR
ageld [] age3l [ ageld 0 age3l 0
agelb [ ] age3? [] agelb 0] age3’ 0
agel7 [} agedd [} agel’ o} agedd 0
agel8 [} agedd [} ageld o} agedd 0
ageld [} agedd [} ageld 0 agedd 0
age2 [} age36 [} age2( O age36 0
agell [] age37 [] agell 0 age3/ o]
agel? [ ] age3s [] agel! 0] age3s 0
age?3 [} agedd [} age23 0 age39 0
age2d [} agedd 0 age2d o} aged) 0
age2> [} agedl 0 age2’ 0} age4l 0
agel [} aged? 0 agelb O aged? 0
age2/ [] aged3 ] aged] 0 aged3 o]
age2d [] agedd ] age2d 0 agedd o]
age29 [} ageds 0 age29 0 agedd 0
age30 [} ageds 0 age3) o} agedd 0

aged? 0 aged] 0

ageds 0 ageds 0

aged? 0O aged? 0

stationary 0 7, DIFFE A (differencing)2 S8,

nonstationary [}

RS B F REFHS fdiA ARMA(p.q), ARIMA(pAHrq)S 278 -
2ol AHAAE po} & AAs= Aotk o] 3] EFAE ] 7]F(model selection
criterion) &2 AFS-%&= FAITFQ] AIC(Akaike's Informaion Critetion) %=+ BIC(Bayesian
Informaion Criterion) 5= AFE3}=H] ¥ A= BICE A3t

T AHAAHS B AAHHo 7 wio] AEEH oy FEEAHLS o] 8o
E4E FAdoket. g7 ARE-EE HEF7dH(method of moment estimation), =7
A F5F W (conditional least squares estimation method), HIZZA FHAAFFA

(unconditional least squares estimation method), Zt7}s=F%H(maxium likelihood

estimation method) 5°] ATP). E A= }’]EH7]—O—LTZ6] < O]B"‘ﬂ":]'
Tl A E BEeEo] BF fostH o BAIR FAHEF] B Folzl AAE
A2 & AHe=rtE dolr A HEy o2 23X ‘%(model dlagnostlcs)ollﬂ- ia=s
BT @Al M= F2 FEHEA(residual analysis) - 2o A - Soverfitting diagnostic)

8) AAT B5FA S 2AA, £942(2002), TSASETSE o] &3 AAGEA, 9 9%

o
Y
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B (1o}, 20}, 30} o]4h)o] wel ¥ AF, Ao A AR
& AFE <H 3-3>~<X 3-6>90 AATT A AL 9] A8
Ag3te] FAANALE TE F, BIC 7IFOE B

Ay AICEAZCZ Ax 2 A Ak 3 HZAw

&
&

TFR 7Z-¢ 7F)A%g o] AAFZ(15274)E 13} AR GIAALS Hlon,

STUHAEZ(28~394)2 12 A & 2RO E X3 T FYPAAE S HE o,
AAFZE0A o)) 2R, A&glol BAAIA oItk

e
[

9 1049 A9 7 AB 9 AAFF (15274 13 AHE o2 ZRAALS
]_

Hom, FAHEF(28~384)2 13} 2t & 2SO R X3 F HAA AL S YE
Wor, 3947M7HA = 12} ZHECE AR AIE S 48~49A1= AT, A|8hglo] A FAIA
Folt}.

Z2he9E 2011 A 10ke] Aol A9 frAkshH, 3o} o3l A9 7 AT ] A
AHF(15~26/) = 13} A2 WW?#]@‘ < HYowH, FHAFES(28~344)2 12} AN
T 2RO FT X3 F YA AES YER O, 35~494|71A] A2, ] 8kglo] 82
Al A E el Tt

olgfst Aite FUAHFTY E4HE Folrt dEF FAHE YA & 4 9len,
ofdl ZKtrend)S BTk & 5 Utk AHIE =
A2 sH, 30~394 Je

9) AAIBF BrAupHe A4, £94:2002), TSASETSE o] 43t AAGEA, o 1034S 3=

3%
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CH 3-3> TFR AJAE H4Het 112, Mg, 252y MEIHE

=F tﬂ*jf) model BIC |73 2 4% A9 & HHny
agels ARIMA(2,1,0) | -17.1605 ARIMA(2,1,0)

agel6 ARIMA(0,1,3) | -16.5258 ARIMA(0,1,3)

agel7 ARIMAG,1,1) | -15.0356 ARIMA(3,1,1)

agel8 ARIMA(1,13) | -13.6028 ARIMA(1,1,3)

agel9 ARIMA(2,1,0) | -12.0691 ARIMA(2,1,0)

age20 ARIMA(1,1,3) | -10.8346 ARIMA(1,1,3)

age21 12} 2% | ARIMA(3,1,0) -9.8853 ARIMA(3,1,0)

age22 ARIMAG,12) | -9.9588 ARIMA(2,1,1), AIC(-239.3680)
age23 ARIMA(1,1,0) -9.4285 ARIMA(1,1,0)

age24 ARIMA(3,1,0) | -8.8355 ARIMA(3,1,0)

age2$ ARIMA(3,1,0) -8.8646 ARIMA(3,1,0)

age26 ARIMA(1,1,0) | -8.8892 ARIMA(1,1,0)

age27 ARIMA(3,1,0) | -7.8301 ARIMA(3,1,0)

age28 12 2% | ARIMA(LLO) | 10.2109 ARIMA(1,1,1), AIC(564.1461)
age29 1 ARIMA(1,1,0) -4.8401 ARIMA(1,1,0), AIC(-78.5452)
age30 I | ARIMA(L13) | -4.6562 ARIMA(0,1,2), AIC(-68.9891)
age31 ARIMA(2,1,0) -9.3224 ARIMA(2,1,0), AIC(-243.8730)
age3?2 1 gn | ARMAGLO) | 97432 ARIMA(3,1,0), AIC(-259.9170)
age33 ARIMA(1,1,0) | -9.5953 ARIMA(1,1,1), AIC(-274.5890)
age34 ARIMA(L,1,1) | -10.2842 ARIMA(2,1,2), AIC(-293.6600)
age3s 2 ARIMA(3,1,0) -3.8849 ARIMA(2,1,0), AIC(-41.6933)
age36 iz@% ARIMA(2,1,0) | -3.9001 ARIMA(2,1,0), AIC(-46.4958)
age37 ARIMA(2,1,0) -3.8525 ARIMA(2,1,0), AIC(-43.9366)
age38 1 gn [ ARMAQLD | 111375 ARIMA(1,1,2), AIC(-336.0250)
age39 ARIMA(1,1,0) | -11.7178 ARIMA(1,1,0)

aged0 ARMA(1,3) -11.9696 ARMA(1,3)

agedl ARMA(1,0) -12.4346 ARMA(L,0)

aged? ARMAG,1) -12.6609 ARMAG,1)

aged3 ARMA(3,3) -13.1027 ARMA(3,3)

agedd . ARMA(2,0) -13.2780 ARMA(2,0)

ageds ARMA(1,0) -13.6584 ARMA(L,0)

aged6 ARMA(2,0) -14.0652 ARMA(2,0)

aged7 ARMA(2,0) -14.2618 ARMA(2,0)

aged8 ARMA(2,0) -14.6521 ARMA(2,0)

aged9 ARMA(3,0) -14.8270 ARMA(3,0)

F 1) AEe 9 AFATE ofgE A
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<H 3-4> 10} E48 AAY HaHE, x2, e, 52" Mgy
AHE gl 5 5 AT
A% w2 g model BIC a9 AAE g & HHRY
agel5 ARIMA(2,1,0) [ -17.5484 ARIMA(2,1,0)
agel6 ARIMA(0,1,3) | -16.5652 ARIMA(0,1,3)
agel7 ARIMAG,1,1) | -15.1834 ARIMA(3,1,1)
agel8 ARIMA(2,1,3) | -13.8353 ARIMA(2,1,3)
agel9 ARIMA(1,1,0) | -12.6099 ARIMA(1,1,0)
age20 ARIMAG,1,1) | -11.6025 ARIMA(0,1,1), AIC(-342.046)
age21 12} 42 | ARIMAG,1,0) | -10.9983 ARIMA(3,1,0)
age22 ARIMAG3,1,3) | -11.0732 ARIMA(0,1,2), AIC(-289.890)
age23 ARIMA(0,1,0) | -10.6599 ARIMA(2,1,0), AIC(-277.333)
age24 ARIMA(3,1,0) | -10.0842 ARIMA(3,1,0)
age25 ARIMAQ3,1,0) | -10.2755 ARIMA(3,1,0)
age26 ARIMA(0,1,0) | -9.9716 ARIMA(1,1,1), AIC(-297.654)
age27 ARIMA(0,1,0) | -9.8223 ARIMA(2,1,2), AIC(-294.835)
123} 2}
age28 1 ARIMA(0,1,0) 8.2066 ARIMA(1,1,1), AIC(478.876)
=g
age29 12} 2 | ARIMA(0,1,0) | -4.8811 ARIMA(2,1,2), AIC(-83.4971)
age30 ZIWE | ARIMA(0,1,0) |  -4.5096 ARIMA(2,1,2), AIC(-60.9238)
age31 ARIMA(0,1,0) | -11.8738 ARIMA(1,1,1), AIC(-385.886)
age32 12 4w ARMACLLO) | 124380 ARIMA(1,1,0)
age33 ARIMA(0,1,0) | -12.7193 ARIMA(1,1,1), AIC(-427.085)
age34 ARIMA(L,1,1) | -13.3197 ARIMA(1,1,1)
13 22
age35 cows | ARIMAQLO) | 38680 ARIMA(2,1,0), AIC(-39.5761)
age36 13} 2 | ARIMA(0,1,0) | -14.2084 ARIMA(2,1,0), AIC(-483.855)
age37 13 & | ARIMA(0,1,0) | -3.9310 ARIMA(0,1,1), AIC(-39.983)
age38 ZIWE | ARIMA(0,1,0) | -15.0777 ARIMA(0,1,2), AIC(-25.0419)
age39 ARIMA(0,1,0) | -15.7318 ARIMA(1,1,1), AIC(-548.149)
aged0 ARIMA(0,1,1) | -15.9710 ARIMA(0,1,1)
agedl ARIMA(0,1,0) | -16.6064 ARIMA(0,1,1), AIC(-588.412)
aged2 ARIMA(0,1,1) | -17.6640 ARIMA(0,1,1)
aged3 12} 242 | ARIMA(0,1,1) | -17.3384 ARIMA(0,1,1)
aged4 ARIMA(0,1,1) | -17.6925 ARIMA(0,1,1)
age4$ ARIMA(0,1,1) | -18.2704 ARIMA(0,1,1)
aged6 ARIMA(0,1,1) | -18.5648 ARIMA(0,1,1)
aged7 ARIMA(0,1,1) | -18.9700 ARIMA(0,1,1)
aged8 ang ARMA(1,1) -18.7509 ARMA(1,1)
aged9 ARMA(3,0) -19.3895 ARMA(3,0)

2 1) A

Zol HFHE

SEERER
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(H 3-5> 20F E4tE AAIE HeHel Az, A, 252 MY
AR 9 ARREIE B 5 AW
agel5 ARIMA(0,1,0) -21.0218 ARIMA(2,1,0), AIC(-771.201)
agel6 ARIMA(0,1,3) -20.2188 ARIMA(0,1,3)
agel?7 ARIMA(3,1,1) -18.9325 ARIMA(3,1,1)
agel8 ARIMA(0,1,3) -16.9294 ARIMA(0,1,3)
agel9 ARIMA(0,1,2) -15.2048 ARIMA(0,1,2)
age20 ARIMA(3,1,0) -13.1519 ARIMA(3,1,0)
age2l 12} 2 ARIMA(0,1,0) -11.9169 ARIMA(2,1,0), AIC(-367.349)
age22 ARIMA(3,1,1) -11.7768 ARIMA(2,1,2), AIC(-333.453)
age23 ARIMA(3,1,0) -11.3781 ARIMA(3,1,0)
age24 ARIMA(0,1,3) -10.4460 ARIMA(0,1,3)
age25 ARIMA(3,1,2) -10.8382 ARIMA(3,1,2)
age26 ARIMA(0,1,0) -10.5453 ARIMA(1,1,2), AIC(-306.151)
age27 ARIMA(1,1,0) -9.3802 ARIMA(1,1,0)
age28 12} 242 ARIMA(1,1,0) 7.1516 ARIMA(2,1,2), AIC(442.7741)
—_] 1
age29 =793 | ARIMA(L,1,0) 6.0823 ARIMA(1,1,0)
age30 12} 2 ARIMA(0,1,0) -10.505 ARIMA(3,1,0), AIC(-326.289)
age3|l 12} 22 ARIMA(0,1,0) 7.503 ARIMA(2,1,2), AIC(454.165)
—_] 1
age32 = W3 | ARIMA(0,1,0) 10.475 ARIMA(2,1,2), AIC(576.625)
age33 15 A ARIMA(0,1,0) -12.221 ARIMA(2,1,2), AIC(-392.401)
age34 = ARIMA(0,1,1) -12.643 ARIMA(2,1,0), AIC(-416.381)
12} A
age3s 1 ARIMA(0,1,0) 7.9337 ARIMA(2,1,2), AIC(478.357)
2Hs
age36 S oaim ARIMA(1,1,1) -13.899 ARIMA(1,1,1)
— 1 1A AE
age37 ARIMA(1,1,1) -14.510 ARIMA(1,1,1)
age38 51 ;}H ARIMA(0,1,0) 20.718 ARIMA(1,1,0), AIC(1020.369)
age39 ARIMA(2,1,0) -15.832 ARIMA(2,1,0)
aged( ARIMA(0,1,0) -16.330 ARIMA(1,1,2), AIC(-573.307)
age4l ARIMA(0,1,0) -17.052 ARIMA(3,1,0), AIC(-597.061)
aged2 15 A ARIMA(3,1,0) -17.484 ARIMA(3,1,0)
RN
age43 ARIMA(1,1,0) -17.714 ARIMA(1,1,0)
agedd ARIMA(0,1,1) -18.144 ARIMA(0,1,1)
aged5 ARIMA(1,1,0) -18.833 ARIMA(1,1,0)
aged6 ARIMA(0,1,1) -18.674 ARIMA(0,1,1)
aged7 ARMA(3,0) -19.709 ARMA(3,0)
aged8 Azt g ARMA(3,0) -18.797 ARMA(3,0)
age49 ARMA(3,0) -19.404 ARMA(3,0)

=0l WFREe ofgiEel #A
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<H 3-6> 30} 0|4 E4kg AAE HeHe Az, Mg, 282 MY
, A5 2 2 om lA B 5 HATE

A Wz 3 model BIC 2 2 BH A & HH R
agels ARIMA(3,1,0) -23.875 ARIMA(3,1,0)

agel6 ARIMA(0,1,1) -20.584 ARIMA(0,1,1)

agel7 ARIMA(3,1,0) -22.884 ARIMA(3,1,0)

agel8 ARIMA(2,1,0) 222257 ARIMA(2,1,0)

agel9 ARIMA(3,1,1) 220315 ARIMA(3,1,1)

age20 1 g | ARMAQLY) -16.289 ARIMA(0,1,3)

Rl

age21 ARIMA(0,1,3) -15.017 ARIMA(0,1,3)

age22 ARIMA(0,1,3) -13.758 ARIMA(0,1,3)

age23 ARIMA(0,1,1) -13.336 ARIMA(0,1,1)

age24 ARIMA(3,1,3) -12.419 ARIMA(2,1,0), AIC(-379.085)
age25 ARIMA(3,1,1) -11.954 ARIMA(3,1,1)

age26 ARIMA(1,1,1) -11.435 ARIMA(L,1,1)

age27 E 1_}5 ARIMA(0,1,0) 16359 ARIMA(2,1,0), AIC(825.799)
age8 12} 2E ARIMA(1,1,3) -11.798 ARIMA(1,1,3)

age29 o ;}H ARIMA(0,1,0) 16.018 ARIMA(2,1,2), AIC(814.681)
age30 AR B ARMA(2,3) -11.440 ARMA(2,3)

age31 12 gm | ARIMAG.LY) -11.719 ARIMA(0,1,2), AIC(-270.615)
age32 | ARIMAG3,1,3) -11.469 ARIMA(1,1,1), AIC(-293.547)
age33 1 ARIMA(1,1,0) 17.069 ARIMA(1,1,0)

age34 122 | ARIMA(O,1,1) 16.441 ARIMA(0,1,1)

age3s ARMA(1,3) -11.316 ARMA(1,3)

age36 ARMA(3,0) -11.644 ARMA(3,0)

age37 ARMA(2,3) -12.238 ARMA(2,3)

age38 ARMA(1,3) -11.805 ARMA(1,3)

age39 ARMA(3,0) -12.245 ARMA(3,0)

age40 ARMA(1,3) -12.533 ARMA(1,3)

aged| ARMA(1,3) -12.902 ARMA(1,3)

aged2 Axz ARMA(3,1) -13.064 ARMAQ,1)

aged3 ARMAQ3,3) -13.696 ARMAQ3,3)

aged4 ARMA(2,1) -13.679 ARMA(2,1)

ageds ARMA(2,0) -14.096 ARMA(2,0)

age46 ARMA(2,0) -14.492 ARMA(2,0)

aged7 ARMA(2,0) -14.623 ARMA(2,0)

age48 ARMA(2,0) -15.232 ARMA(2,0)

aged9 ARMA(3,0) -15.225 ARMA(3,0)
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<20} 1970~2060> <30} Ol&f 1970~2060>

08 1370 1571 1877 [5T5 e 17S —137F —— 1575 —— 1577 1575 —— 1573 —— 1350 351

5
1982 1983 ——1984 1985 1986 —— 1987 = 1988 = 1989 ——1990 1991 ——1992 ——1993
——1994 ——1995 ——1995 ——1997 ——1995 ——1999 —— 2000 —— 2001 ——2002 ——2003 ——2008 ——2005
2017

2029

2018 2019 2020 2021 2022 2023 = 2024 e 2025 2026 = 2027 2028
2030 2031 2032 2033 2034 2035 o 2036 o 2037 2038~ 2039 2040 2041
2042 2043 2044 2085 2046 2047 o 2048 —n 2049 2050 2051 2052 2053
2054 2055 2055 2057 2058 2059 2060

. = = = .
$EBEBBEEEEEEEEEREREE FEEEEEEPEETFES T ETFEEEFE ESESESE

seuete H2 FAYATFANAE FYHA FHAZEI ZagriYL
ol gste] EUIY FASNE0 U BTENAF S FRVT LagviRYe) S0

Stacy(1962)2] lifetime XX FIDo|A] AJZFgkt}, 1 F ol Prentice(1974), Farewell and
Prentice(1977), Lawless(1980)7} &-4F 243} 138l 2 delta-method 5 241 WSS
Alz=ste] E4E 2271 3 (extended log gamma model)12)S A3 T

<E 3-7) Lifetime 2X2} &&= 2120124

Lifetime g5
(Stacy 1962)

el

Bk—1
(ﬁ a exp

Lifetime 53 Stacy(1962) : g(z) = T(k) o

ld oy _
extended log | g(w)= L_Z(q 2)0 explq H{(qw—explqw)}], — 0o <w < oo,
gamma model I'(q ) T—
(Prentice,1974) w= M, 2 g0 370
o

10) FAZAHE(Z A&7} 714717 B9 B2 Ao R dAEE i 29T HluEHE des &4
S EH AZAHE(completed fertility rate)= EF AT 17 B2t AAE 2
i Aol E ZHE7ith

11) Stacy7} AIAe B3P duts} 7helR L2 A Kool AFslr] YA Atst BFolr} o] 2F
Prentice(1974)7} 8743} extended log gamma model 2 A|9F3}$ 2.1, o] extended log gamma modelS &
Jukgle 17k 8(GLG)ol gkt Tk,

12) ¥¥tsl 2a7viEy =E3d E36 gls <S>0 ANY

fo R

fuj
2
=
2
oX,
oE
o
N
slo

N

o flo

HI3%
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+od

g o]& YnkstE 17} E 3 (Generalized Log Gamma Model;

5 ©

3572 extended log gamma modelol] &

1
.

Kaneko(2003)= ZA4ke=9E ca

1
L

GLG)o|gtx

o A9] GLG :

f(z)

EREE

L
o

Cg (x), transformation intergral dw/dx

Axts}
2a3vEy

(Generalized Log

Gamma model)
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(28 3-10] Btk Hg2n

RrgRde ARl vn e 249 BT L obol glo] FAE Sl
A3kt eFzke] ©o] Stk E43lR a2 [19 3-10]94 AHE 5 o] Ao
Aol A=X] TER, 10}, 20}, 30} To|A FAFH(underestimate)SF] | A2 HEF

(systematic bias)S HIT} o]#|st TA|H FAFHES ol= Ax Bty s =&
& FAHC] dasit.

O]aa HHS Boely] A=) S48 AS oty Rd"(Hr4d, 2013)
AL, S4H&9] AojdA A S48 Aol Ad weh Aokl w7t i Aol
&3t 7185 FtHAlkema et al, 2010)

9] Hl=, frHdA S 5SS 98 E8dte EesRde v 2k

(E 3-9 Ciyet Z4ol2y

T =234
Hadwiger g _ab o cyp [ aic T o
(Hadwiger 1940) | 1(7) =70 () exp| = (4 m=2) ), 25 abe 370
(@) = eap[ale— )~ expl~ Bz~ p)}]
9(@)=prrayeap|-ale—p exp{— Bz —pu)},
M F a/h
(Coale-McNeil, | B o,B,u 370, & i3t JdHEXE 33t =¥
1972) flz) = Cy(x)< C is the proportion marrying, of a target cohort
first marriage schedule = C dist" of age at first marriage

HIs%
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HE

7 234

WEHgkE f(x):RM(ﬁ—a)(H“U(x—a)b’l(ﬁ—x)@*l),

(Hoem et al. 1981) re)r)
24 Rb,e 370
bl 3/2 92 1 X
f(@)=m(—)(—)"exp|—bj (—+——2)
&3} Hadwiger G =
(Cahandola et al, b Cy . C
1999) + (1= m) ()= ) 2exp|— B2 (=+ = —2)
Cy T T G

B mybybye ey 57N

PK 13}<=(Periatera f (z)=cexp|—
and Kostaki 2007)

Il C k01 Ty 47y,

Ty r—
flz)= clexp(—( - )? |4 cyexp|— ( > )2)7,
PK2 ¢ (Periatera L ' 49 ’
and Kostaki 2007) ¢, = Y, ASFR,c, = Y | ASFR,
i=15 1

BT ey iy p1y 0004 670, -8 7 H(bimodal peaks)= 7H S E Abmol A

3 Hadwiger ¥ PK2 e 100 $Hboll= SAEC] =4 Yehue A8 3%
(bimodal peaks)S 7H EXE ABE Ajet7] H&l AtE By ol
i“’%—o‘ H Zq/‘}séﬂ]ﬂ- oll= g PK2, €% Hadwiger $H-S o]-&3slo] A4

Z4H80] =S Ve = gle-S stk CM Sre ZE(Nuptiality) ol thak 15
A5E xqg-»gp] $3t 2432 o, Gamma, GLG, Hadwiger, WEFEF& <
AFY FTHAE 7 F Ue 1jf‘ﬂ(Hoem et al, 1981)°]th
3 Wb 3P A ASFRY HES Wkt ok 4]
THOE AFUAY FEFoy o]H FeHv FAAHoRE ndF Y F4F
o

FHERT FoHE FU(EY, 2P, AR, FF F) EE 10

o, [‘l[‘ o_&

(K

° o}A| = -8 % Hi (bimodal peaks g @ )R W

3 o]2)3k A4S 9ol AN EFrge] HAgee FATd 5 9
2R A Ji 22EHY FFAE 275 21 vt BEsiREvio s 2k

dZsid B A e 2kl 228 AXA B&H] nlg F48L 74E
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(scale)0l Ct2

AL

oLt 22 (dispersion) 2t

location)2 =

=

See=z

ol
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L
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= A o
S I

2 exp

EH (exponential type)E 20|2
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[12 3-12] x5, 201

Tro 2 ARE 232 () (2)o Afs £XE MY ste A7 Fol A=,
B Ao A= Hybrid PK1-PK2, Folded-normal, Normal, GLG(C A|¥]), Cauchy #X¥X &
A kgt

olf& oA A 57HA] EAS 1 F zkE B xo|m 9JX] E(location parameter,
322 Q) mean) 2} 2| &5 (scale parameter, THIEZ Q1 variance) 2] 2]-8-0] 8-0]3}7] wj&o]t}
AARTFE FAOE ARy 2t i HIA X5 v 5 Utk 2ot AAg
AT e 2o

A, Hybrid PK1-PK2= PKIEE I PK2 BF-S &85 Aoz RO & F4HAH
H99 ¢y ¢yt AEPTH oSl AFREE THIT A

&7, Folded Normal ¥+ normal #X2} Wk He Je|2 HEELE A v

AT e ¢ czr% EH?J“EF}O# =2t
A, eluebrt whEst dido] g
Beaty] A AR melr) FE



(H 3-10> E42 o5 Mot 2Z43ted

ARk 7 (92 44, Ci:Cp0 = bl!Uz = bg)

- D o [1z—p) 1 =1 |
(e eybyby) = o——(\"4) exp —(—]-—ex H— ]f:,
G ditrbain || VA B0 Mt | Ty )]s
(CHlg) N yeapr, [1[2=p| 1 I[':r-u']
+o,———(\"*)" exp| —| = |- =eap{\| —|1|F,
hI0?) N | o ]|
Folded Norrel 1| (~a-p)) 1 (z-p)
(z.c,00,0,) = ¢ exp(— Legte r (— -|L,
O flz.¢,0010, 101 = P‘ 20% e < 4] 202 » P‘I Eg§ {z> 4]

3 Normal £X+= Folded Normal XA HSHEE( — x)9 FILE V()& WAsH At

ARE 2% (22 4, ¢1,00,01 = by 0y = b))

 Hybed PKL, PR2 | fli.cyc,0005) = coexp|~ (L) I[xgﬂ]Jrczexp(-(il)z)Iw d
: 2
Cauchy 7y 1 7 1 §
(eie1,0000) = e =5 h syt o=k
a1 O O T e T o e |

222 1970~2013d TFRS st Aoket =312y AL E dolrr] 13

AZ2¢} o= A& Zo|7} A=A gttt A7 Cauchy> TFR(ASX])> Hybird
PK1-PK2> Folded-Normal Normal> GLG( C #1¢]) <22 yehddl A%t 20008 =
o] A9} HAZA= A FIMEA FH Ate AE IIT F Uth<H

3- 11>iLZ)
a8 oAl 2

¢}
APATE F0a @ 4

FaR o] AFXE] -2 1970~2013 A% AEX|9} A UX|5hH,
=3
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-==TFR

~— Hyhrid PK1,PK2

= Normal

——FoldNormal

fat tail 22X

—GLG(CH|2])
Hybrid Pk1,pk2, GLG(CA2[), Folded Normal, Normal
91 Cauchy= overestimate

~— cauchy

<E 3-11> Mot 24et2d MEdnet TFRI Ed
¥2000 | y2001 | y2002 | y2003 | y2004 | y2005 | y2006 | °
TFR 1.4669 11,2074 11.1662 |1.1801 |1.1540 |1.0764 |1.1231 —TH =—reit
Hybrid PK1,PK2 | 1.4313 |1.2602 |1.1246 [1.1277 |1.1204 |1.0410 |1.0967 \
Normal 14206 11,2569 11.1243 [1.1275 [1.197 [1.0405 [1.0986 |
FoldNornal 1.4206 11,2589 11243 [1.1275 [1.1197 |1.0405 |1.0086 \
6LG(CH2) 1.4278 |1.2582 |1.1245 [1.1282 [1.1179 11.0392 |1.0949 ;
cauchy 1.6162 11,4253 1.2745 11.2838 |1.2722 |1.1848 |1.2434
nean 1.4669 11.2023 |1.1544 [1.1589 |1.1500 |1.0692 |1.1268
y2007_| y2008 | y2009 | y2010 | y2011 | y2012 | y2013 "
TFR 1.2501 11,1924 11,1489 [1.2255 |1.2439 |1, 2067 |1.1668
Hybrid PKI,PK2 | 1.1958 |1.1516 1.1041 |1.1712 |1.2093 [1.2599 |1.1477 |, |
Normal 1.1954 11,1506 1.1033 [1.1707 11.2085 |1.2501 |1.1473
FoldNornal 1.1954 11,1506 1.1033 [1.1707 |1.2085 |1.2591 |1.1473
SLA(CH ) 1.1945 |1.1477 111010 [1.1693 |1.2049 11,2860 [1.1450 | 0 ++rrrrrrrrrrrrrrrrr e
cauchy 1.3604 11,3027 11.2509 1.3223 |1.3565 |1.4152 |1.2673 \f’ﬂﬁ@\”ﬂ qmbﬁqb “°qu \qq,h ﬁ%@&s \9@%&%&@@1@:@%&@0&
nean 12263 11,1807 [1.1325 [1.2008 [1.2575 [1.2808 [1.1749 | ¢ & ¥ ST TETIIIIIELEEIIELE

=

ZF : ‘mean’ S A3 B5E R A=

o B#e o)
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A OrE B TS0 B
AlAE =Er 2ol thE o=/ Hybrid PK1,PK2
(20 14~2060=7 off=7)) ; Folded
X, 10L 20F, 30[0[AF Normal, GLG(
h e Cauchy

(O3 3-14] BM=?E 05U =& 243

13) B} ZA8 e A33)(2006), “FHATFAZ A3 444 7HgA)9] 4
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2014\ o] %9 ASAE ¢%§¥ A= g Z%E‘r.

AAE dSAHRE 93 2R S48 O3S TEHoE A¥HY, 20149
e FAZAE0] 37 1207 1.183~1.3169, 2040 1.216~1.338%, 2060\ 1.261~1.388“§°ﬂ
ol2A Ht}.

EAR 20109 FeAATHAS) MG 23} B A7Ane GF Fge BE
F9 Aolo] ANF Aoz AZHE AY, FAE TADIY 45 D SUAFe
27t ol BEENARY 2hE ovia
<E 3—-12> Chefet 24323 O| TFR oS 2ot Ffol+5FA Hln
GIW ELHES TR A5 A9 FAALEA
23 = 2014 | 2020 | 2030 | 2040 | 2050 | 2060 | Z}7 | 2010 | 2040 | 2060
Cauchy 1.316 | 1.324 | 1.309 | 1.338 | 1.362 | 1.388
a9 | 123 .79 | 1.79
i 1.210 | 1.215 | 1.210 | 1.240 | 1.266 | 1.289

Hybrid PK1-PK2 | 1.183 | 1.187 | 1.185 | 1.216 | 1.242 | 1.272
Folded-Normal | 1.183 | 1.183 | 1.185 | 1.216 | 1.243 | 1.261

Normal 1.183 | 1.188 | 1.185 | 1.216 | 1.243 | 1.261 | A% | 123 | 1.01 10.1
GLG(CA 9)) 1.184 | 1.215 | 1.185 | 1.216 | 1.243 | 1.264 |85 1.23 | 1.19 | 1.19

=9 | 123 | 142 | 142

e

——~Cauchy ——Mean ——HybridPK1&PK2 ——FoldedNormal ——Normal ——gLG(CH|2l)

14

135

13

125

12

115

2050
2051
2052 |
2053
2054
2055
2056
2057
2058
2059
2060

14) 30k, 40} ool EAgo] FASNEANA AAShe ¥IFH WS} plEskEE 3o} ooz B4



10}e] EAL8 o= A3} o= A Q) 201430 A} 1919 0.608~0.680H 2 H.o]
ot Sk 74 8ked 20409 0.591~0.660™, 2060 0.589~0.663H ] o]2 A4 )

CH 3-13> CHUSH 2432 & 10t o5 2t

HI3%
g 24323 TR o2 A9

vy a= 2014 | 2020 | 2030 | 2040 | 2050 | 2060
Cauchy 0.680 | 0.664 | 0.660 | 0.660 | 0.661 | 0.663
B 0.627 | 0.612 | 0.607 | 0.606 | 0.608 | 0.605
Hybrid PK1-PK2 0.625 | 0.612 | 0.602 | 059 | 0598 | 0.594
Folded-Normal 0.610 | 0595 | 0591 | 0592 | 0595 | 0.589
Normal 0.610 | 0595 | 0591 | 0592 | 0595 | 0.589
GLG(CA] £}) 0.608 | 0.593 | 0589 | 0.591 | 0593 | 0.589

o Catichy === ==—=Hybrid PK1&PK2 =—=rFolded-Normal =——MNormal = G|G(CH2])

0.70

0.64

g \,\7\\

G, S

0.60 : N\

1 5 S o G e T PR S o TR G 00 R T N S 3 1 0% O PO I P e g S B <57 i B I3 M I R e S RN =t e R
2oL S 0RNNRERENRBA RN MmN mm e R30I 2R AR Ra RS
RRRRRRRRRRRRRARRRRRRARRRRRRRRRARRERRRRARRERRRRRRR
(O3 3-16] 2014~20600 E4k=9| 10} S4tg FO|

201] &A1 9= AT o= AFA Q) 201400 E AR} 1919 0.454~0.501 L Ho)
oo} oE A AFEsl 2040 0.480~0.51678, 2060 0.493~0.53278 ¢ o]2A Ht}
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CE 3-14) Clokst RAsiasol 20 o= A1}

O3 2432 TR 9= 23

23 = 2014 2020 2030 2040 2050 2060

Cauchy 0.501 0.503 0.512 0.516 0.520 0.532

XK 0.463 0.469 0.483 0.489 0.493 0.503

Hybrid PK1-PK2 0.454 0.467 0.490 0.493 0.493 0.493

Folded-Normal 0.454 0.458 0.471 0.478 0.484 0.495

Normal 0.454 0.458 0.471 0.478 0.484 0.495

GLG(CAIS)) 0.456 0.460 0.473 0.480 0.486 0.499
——Cauchy ——FZF ——HybridPKI&PK2 ——Folded-Normal ——Normal —— GLG(CH 2])

0.54

30] o9l A9 EFstF Y] das Y WEo| 4lstar AAZQ SH(30} o)
SAHE =TRR-FAI(10, 20 E2H8)) 7Ieole 33t &2

RBAPXYS A AL ASFR B8 $47 7|2 474 AFH 2 o=
A2 201430 AAF 199 0.105~0.1362 Ho|tirh eRh¥ A3 20403
0.127~0.162%, 20603 0.176~0.193F ] 0|24 Hc}



<H# 3-15) Ctefet 2ot ®ol 30t Oy o5 Axt

¢ 23Ry TR 95 23

23 A= 2014 2020 2030 2040 2050 2060

Cauchy 0.136 0.156 0.138 0.162 0.182 0.193

T 0.120 0.156 0.138 0.162 0.182 0.193

Hybrid PK1-PK2 0.105 0.109 0.103 0.127 0.151 0.184

Folded-Normal 0.119 0.135 0.123 0.145 0.164 0.177

Normal 0.119 0.135 0.123 0.145 0.164 0.177

GLG(CA| &) 0.120 0.136 0.123 0.145 0.164 0.176
e CEUCHY T ] s Hybrid PK1&PK2  ===Folded-Normal ==—=Normal = GLG(CH|2])

ANAE AZA3E Whg3 B33y 228 =8 TFF o
3o 93t F4Heo] HF% (overestlmate)il ZgFo] Q)= HhaA

© 2 FA-FH(underestimate)S] A3/} =EH.

S, Ao Beke A% BT R ERER BHAE Avinw
& AIZERI 2014300 FAIEAHE O] A7} 10T 1210822, 2040\ 1.2407

12897l o]2A Ht}

1o 20149 o=} 191 0.627H-S Ho|thrt okgF =531 2040 0.606

Cauchy
A

=

320601

w2060

HIs%
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0.6057¢] o]2A ®Ht} 20= 20143 A=} 190F 0463HS Ho|thr} 7R A3
2040 0.489%, 206013 0.50378 0l o]2 A ®Ht} 30} o] 2014% gz} 109 0.1208 S
Ro|thr} k7 A3l 2040Lﬂ 0.1627, 20603 0.193¢] o]2t}.

283l 1970~20139 E2H% *‘Z—x] o that w43 2d A A F 3| (Hybrid
PK1-PK2 Z3}A], Folded Normal Z3%], Normal & x], GLG( Cxﬂﬂ) Z%kx], Cauchy
&161}%1)4 Wit A A gtte AS Fagithd, 38 SA4HE 452 gokst 243
o 52 B AAsE A% st Wcte] 2 ¢ glvka Erh

E AFolxs E2hE oSl tisliA AlAIERA, Bsie s &85k 2014~2060'd 71A]
FAEAHE, 10} 20}, 30} o] s EE3ATh

Bagtrgvtor FAs 459 @S ASFR FolE WY AAlE dS5Hs
EEstE g gidste] B s Th. Hybrid PK1-PK2, Folded-normal, Normal,
GLG(CA9]), Cauchyx= 25 7]Z238 B3R E4HE Fol& UE3ta A= AAE
%Hﬁﬂre °‘EﬂXli AFete] FF 2AeS dSSAY B3 o] 23E 20109

et ol BFEHU
4L e Avte

olBE FF 5HS 93 JUd

BOF P AFEoRE AAE] Bobd, AU (A9, 9, ) FAA dA A
A aIE vk FA R o] "esity o &84 #7 AT, )HE A=
AL F83HATH S2PdH A A 3 o EE RIYE 4 v BT 48] wisgte}
gS ERXAE HoEF F A= AlEH O] (simulator)7} 2 FH T

AR A AZA S Farste] feuete] & SAks S 2 WAe 59
FuAER gehe AR &35 A7 AZHEnh
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HI3g
SR, e, BRI, (RED S B3 BT vy PR, 24T, 149 33,
pp49~78.

o|WI&(2014), “EF2~ HEAF FA| d& 2]V, Te=lsts] 7] g<ud, , pp.82~9l.
o4 E(2013), "AIAIE #4, o]2 H SAS A5, AMrolzbdvl.

7134-8)(2003), “gH=o] SAH wH:Fole}t 47, FAAT, A8 A1S, pp.33-58
383](2006), “FAHJATFAE 3 A4 PR A7, =178 2299 A2E, pp.53~88.
ZAA, $£94:(2002), 'SAS/ETSE o] &3 AAE B4, , &3E AL

BAREA(2013), "QIFEA 712} 8

BAA2011), 2011 JAFSEHIBAAE (FZ - 24 - APGH),

EA%4(2012), 20128 QAT FEEAAR (FZ - A4 - AFEH),
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Demography 48, pp.815~839.

Coale, A. and D. R, McNeil(1972), "The Distribution by age of the Frequency of First Marriage
in Female Cohort." journal of American Statistical Association 36, pp.743~749.

Farewell, V. T. and Prentice, R. L.(1977), "A study of distributional shape in life testing",
Technometrics, 19, pp.69~75.

Hadwiger, H.(1940), "Eine Analytische Reprodutions-Funktion fur Biologische Gesamtheiten."
Skandinavisk Aktuarietidskrift 23: pp.101~113.

Hoem et al(1981), "Experiments in Modeling Recent Danish Fertitlity Curves." Demography 18,
pp-231~244.

Kaneko, Ruichi(2003), "Elaboration of the Coale-McNeil Nuptiality Model as the Generalized
Log Gamma Distribution: A New Identity and Empirical Enhancements," Demographic
Research 9, Article 10.

Lawless, J.F.(1980), "Inference in the Generalized Gamma and Log Gamma Distributions",
Technometircs, VO1.22, No.3.

Lutz, W., V. Skirbekk, M. Testa.(2006), "The Low Fertility Trap Hypothesis: Forces that May
Lead to Further postponement and Fewer Births in Europe." Vienna Yearbook of
population Research 2006.

MaDonal, P.(2006). "Low Fertility and the State: The Efficacy of Policy." Population and
Devopment Review 32(3): 401~510.

McDonald(2007), "Low Fertility and Policy", AGEING HORIZONS, issue No.7, pp.22~27.4



146 20144 SiEEY| ALE0M H VA

Prentice, R. L.(1974), "A log-gamma model and its maximum likelihood estimation", Biometrika,
61, pp.539~544.

Peristera & Kostaki(2007), "Modeling fertility in modern populations", DEMOGRAPHIC
RESEARCH, vol 16, article 6, pp.141~194.

Stacy, E.W.(1962), "A Generalized of the Gamma Distributions", The Annals Methematics
Statistics, Vol.33, No.3, pp.1187~1192.

United Nations.(2009), "World Population Prospects. The 2008 Revision; , New York: United
Nations Publication.



NS 29 27147

FA

M3 FepelT

HI3%

0l

=
L

2 Hlw 2714 TFR

I
T

1.

—Germany

—France

—Australia

=Korea Mexico

—Japan

—China

United States

Turkey

Replacement Level fertility

8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

[ zroz
| Troz
| otoz
| 600z
| sooz
| zooz
| sooz
| sooz

vooZ

| eooz
| zo0z
| tooz
| oooz

666T

| ssst
| o6t
| se6T
| seet

PEET

| eset
| zest
| et
| oseT
| ss6T
| ssst
| cssT
| sssT
| ssst
| besT
| eset
| zseT

1861

| osst
| seet
| seet
| ceet

SLET

| sest
| best
| ecet
| zeet

TLET

| ocet
| essT
| ssst
| o6t
| sosT
| o6t
| vssT
| esst
| zost
| tosT
| oosT

ol

=
e

¢4 TFR

i

[FO8 3-1] &2 Hli

svhe we

1O 2| &4FE(replacement level fertility)

0

- A

o
H

(safty zone) — ©] AL w] <

X

Ak

7

© #H4 Z4H&(McDonald 2006, 2007)

)

o<

PN
T

1

~qu

Uo

el
T



148 20144 SfEEY| ALE0M H VA

\ S IEZm QAT ER L, HMYHESE, BIA : oI ASE IE
\ (Mcdonald 2007,° Low Fertility and Policy’ )

\ ——France Germany=——Japan Korea === China

\ B MO T E

K &5 AHYSTH Ho(2EH), LE:PF

2. Y2 ZMNIPS(GLG) History

[] Stacy(1962) : The generalized gamma distribution, introduced by Stacy
Three-parameter distribution(AY ol (lifetime) -3 2 A|Sh)
3 k=1

flz)= W(w)@ip[—(é)ﬁ}a t>0

[] Prentice(1974), Lawless(1980) 7'=logT
1 y—u y—u }]
= — —eap|k(F—)— , —o<y< oo
fy) ST 4P (%) eXp{( ;) y
71X, u=1loga, b=p", (Y—u)/b has a log gamma distribution.
FAA : k—>co, (Y—u)/b become infinite.

delta method etc ...

W= Vk( Y;“—logk):%, o=b/Vk, p=u+blogk

k—1/2

1 k) =5 exp[\/ﬁw—keXp{%H, —o0 < w< o
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[ Farewell and Prentice(1977) ¢=1/ vk

flwk) = F(flz) (g %) explg *(qu—exp{qu}],
—oo w= y—u < o0

(] &4+ 23 GLG
o) = D ) oo 2~ e 25

3. AAY 2N 283} o
Tk AAY 24 =X

A4 ; ALY, JTY, LAY, ARMA

* I AALS ke 4 AEES TESHA Bl HEl s RS

N
&+ =
5
T
ht)

o
Y
-l>
ol
i
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Sha
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>
)
g
[o
-
oX,
o
ol

}\])\E‘ﬂ o] °H /\J‘ﬂ 4’ 7].]

—
-~

(A1 &-4) — optimal poin

L}. Notation

Z,t =1,2,3,-+ ANX(time lag), Zy, Zy, Zy, -+

}\E]Zﬂ%)\— Zt+1
o = TN
{Zit=1,2,n) -, |
t t+1
()= 7,1~ Z,(1) 7 \

3%
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% APl 4@ A%
Zt:f<Xt35)+5tvt:1’”'vn Znir =Byt 65X T +ﬁ n+lp+8n<l

Z”(].):E‘(Z”+1|Z1, Zn)
BZ|X,)= [(X:6) Z()=X,..3
()= 27,1~ Z()=2,., = Z(D+e1)
Jul : A2 BEG = 7Hg A2 AZg + A2 1R T dFeR
249 olZgke AL 98 RE BERS A Ae Bavt Aok = 4

C}. =E1}d 0|M2} 0]% Notation

534 o]d Notation : Z, =, +¢, Z =B, + 8t +e,, ...

&7 ©]% Notation :
Z, : 3E B P31 (random walk process) — AHO] gl FERIPAA
Z,=Z,_,+e€, Random walk without Drift
Z,=0, t=1,2,..
t
o] g B4t Var(Z) = Var 261 =tol,r, = Cov(Z, Z, , ) = to?,
i=1

SERYAAHL tEH vgYEEERA
Z, + &E B33 (random walk process) — HFHo] = FERHPAA
Z,=6+7,_,+e, Random walk with Drift

t
E(Z,)=1t5, Var(Z,)= Var( 261
i=1




cf. Fe=Enty

A3% FeYRI 7R BL 2 67 151

ol s BT} AR = ol sB T G| AR HA = ¢, =¢’
~ WN(0,0?) e,~ WN(0,0?)
S Zi—pn=¢(Z,_ —p)+e
~ WN(0,0?) Zt:ﬂ+20wjet—j= fZ(S‘F(,ZﬁZtil:’Gt,(s f
=
7, = p+e — e, _  =0-dn
tt:Ll;’“it E(Z)lzu E(Z) = p, Var(Z, —‘7272301/1 Z=¢Z, _te, Z Z, —
ne= 0" Y i Z= B0, 1AL B9
=0 i=
Ok Xi71=|#H[AR(p)] 2, 0I5 8= MA(Q)] 2
21713 A2 (AutoRegression process) : Z, = f(Z, 1, Z—t—2,...)+¢,
12} 247139 pAk 24713

—p=0¢(Z_,—p)te
—5+¢Zt,1+ef,5 (1—9)
Z=07, \re, Z=2,—p

G= Vg, (1749 A9

J=0

_N_¢1( ,*1_/‘L)+"'+¢p(ztfp_u)+et
E j+6t
=1
ZHA3] Z f5+¢lzt_1+...+¢pzt_1 +e
(1*¢1*¢2*---*¢’p)

t

AR(1)

2, =0+ 172t
{¢>0:E‘i%°]é¥3}?ﬂ %, e

¢ <0:WH-5o] AT, vt 75 gk 2l
E(Z)= 04+ ¢, Var(Z,) = ¢*c> +

= AR(TA AAZA ¢l < 1

o
-
Z

‘; pp =11y = Oy

(1—¢)u

3%
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AR(1)TA Y] ACF PACFE 1% A ?

AR(1):{¢>O,ACF: A5H 22, PACF: only 13} +lag
¢ <0,ACF : ¥,5 W5 PACF : only 12t —lag

EF PACFE F02 A >0, 0.2 AT ¢ <0
o] : ARTZS ACFE A4 A, PACFE A o] FolE 0 « 232 &&

il

¢, > 0,0, > 0ACF : AFH 4, PACF: only 27+ lag
1 > 0,0, <O0ACF : AT 44 G-, PACF : only 22+ lag,— 1
;_4]_}—]_3(2)271 ¢, < 0,0, >0ACF : OQ}HJ'%X]#@ A, PACF : only 22— lag,+1
HAL 20 0,6, < 0ACF . FHFASA 2 PACF : only 23— lag

O]%ﬁé:&jﬂ—;g Zt:l’t+6t_96t71, 5 Z:€t_916t71_~-~_9 €1 —

ACF : Only 12}, PACF : AF4 A
MA) ={6>0: WENFA LS oo &
$p<0:Hgol Ak o H & atd A
| A O FREE 00122 AA7L 2 o4l AALES
Z=e = 0he A2 AABA7 92 ou]ahs, vlx] AR(1)S] PACFH
A|ZH o] = 0ot}

Zy = pte—0e
t=1,2,..., E(Z)=p

AR A I MATA 2 A (Duality)
(1) 239 PACF=AR(1)A 9] ACF | MA(1) B39 ACF=AR(1)%3 <] PACF
(2) B9 PACF=AR(2)HA 9] ACF | MA(2)B39 ACF=AR(2)%3 <] PACF

MA
MA

HE. "4 XI7|8]#H0ISE = [ARMA(p,0)] 2+
ART 3 MAZAG 9] A4 (Duality)
O ek B ARFBL T35 MARRF O R 3 Vs, vHlE 7Hs
@ Freae] AR ACFOF a9 MATE 9] PACFE A2 02 THAshe FH



fraatse] ARZGS] PACFS} F3t2H40] MATG ) ACFE AR e Heh

ARMA (p,q)
:5+¢)1th1+"'+¢pZt*p+€t701€t*17"'79q617q
—u=¢(Z =)+ (2, 5 —p)+ ..
+¢p( t—p ’u)_l—etielet*li“'iaqet—q

AL H|AAKnonstationary) A}7|3|70|SH A2}

2ol weh AALe BEHo] FAZ AT 7}

BE7) Wake A¢

AE 7L S7kekA dTietE, SAH R O o] 27U Ake] J=rt
Jatt e A E A2 470 Bart Axe) Y57t dekde 2

AHe o] 93} AADe] FAH0E WEAE A

s

HgAe] Fad adle] 4

1) 274 ZFAl(deterministic trend) : M7} A& o]a FAlo| FL3] A&
2) &3 FA(stochastic trend) : VHAEE Fholl 74sH o] ATTA wjFol oH
FA7E e AAHE Hole A

gstal e Bz AJA G0

bl A% wel sk AADol

>
)
ue
D)
il
Lo
e
1z
A
i
ror
(i,
=2
—z
M
o
(o3
ROl
o
o2l
ox
ox,
tlo
N

NERS I CEE

) Bito] VYA e
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D AARFAL B
Yi(logZ,) = T+, + 1
—_ 2 k
L= O e OO B p(v) = B(T 4 85,4 1) = T+ 5,
2

S, = Y (Bysinfit+ Bocosfit) Var(Y,)= Var(l,) = o;

t=1

@ BEAFA ) A5
G Az 1 2

o olelg delel Hg
— AA Dol ﬁ%&%ﬁ g

T ok

Z)9Je] Ay BAH 02 AG gHele] BE 497}

52721 H]7’3d(homogeneous nonstationarity)©|2} St
= HISAAIELS AHES o 2A HAAAERE v

H
Oﬂo
=

m[o oo

A

A 2B (differencing operator) V 1 VY, =Y, - Y, , V'Y, =Y,-2Y, +7Y, ,

gtz o g 2471 dQl v SAM(polunomial trend)E 7FHAl= B GAIAIE

v = T+ 1= (B + Byt + Bt + ...+ BtY) + ]
— ARANALE 7] AeiMe d3F AES sHokst

AL ofiZet

% 2AZ A NRRAALY AS

— o] FAZL ARA FAJA FEF FAHAAE

. -

Unit root test(Dick;eyﬂ- Fuller) { z

[e]

% AR A= 24AA FEHAAE D] el
AAE 7 A (seasonal unit root test) 5 ©]-&3ch

SERPFPONGIAA D)

4=Z Ve BlEZ 12 5-1=2 (1)
Zt =2Z,5_1_Zt—2 +€t7 [Zt|Zt—17Zt—27"-] :2Zt—1_Zt—2___ (2)

e 13 A2, 0 274 Aoz APAAGeR B
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4% A m (1-B)'Z7 Haszel uQ 34 ARMA(p,g) e we
W (ZyE ANSAFHEH TN, ARIMA(p,dq) HS weEckn duk
M3

0] Kjgo] Wo ot Y

HAAE 288 #
FA7F AR Folghd FAFETANA LY
2}

o

FAI7Y FEHolgtd Aol osf AF3st

— AAZ FAI7F ob A B 7R e] FA|7E A A Uehds B EAIAIE 0] v
A2 (1-B)E F3le] ARIMARE o2 B48 Almdhe Zlo] & Wolth

2 =2, +e, ElZIZ 7, ,.)=2Z_,9 3% ARIMAQ,1,0)Z ¥718 &

At
ARIMA(p,d,q) &M p=0%] Z-F+E IMA(d,q) &l #&
= 4 =2 te—0¢_

ol A4 ARMA(LD)EZ] FElE 2Ex7t v g4 HESHR= IMA(LL1)=ARIMA(0,1,1)
Z, =2, 1te—0¢ 4
ARIMA(p,d,q) &AM =091 7852 ARI(p.d)ZFole} F-E0t ARI(1,1)=ARIMA(1,1,0)
=(@+1)Z_,—¢Z_,+¢

— 3 ARQ2) 23 ZATF unit root test AA] ¥ ARI(1,)EFo|g} &

2) 3] ZFAdh= SACFE 7HA= AAGAE = ¥IAES 7S S1S 7hHsA ol
FOo9 wWehA ARIMAR RS 830

[] 2}ThXHE(Overdifferencing)
ZHE Fof] A AIG e E4bo] AR Ao
7FsAde] =ukal Kol RS A &= Zo] Ftk
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[J Unit Test

X, =X, ,+e ruw

(th X, te

o = +1
Xt = €t+68t*1 MA(I)
X, — X, 1 — DX, _,——F,X,_,=¢ AR(p)

@7t £ 1AA ol dXE HAS= test : Unit test
root test, Dickey Feller, ADF(Augmented Dickey Feller) 737

X, =¢,+6c,, MAQ)

r

i-i’gtr-v Xr = ¢erl +‘9x AR(]')

if ¢ =+1, random walk

X,—pn— 21X, =)= DX,y —p) = — gp(Xt—p_lu’):gt
=X, =pt+ 2, (X, —p)+ T, (X =)+ + o, (X, ) te
X, =@, X ,tg






