ApglEgdT 78 15(2026), pp. 91-108

Social Integration Research Vol.7 No.1 (2026), pp. 91-108
https://doi.org/10.46907/sir.2026.7.1.91

ISSN 2713-556X  eISSN 2950-9254

Hi

2XE

2 A= 1960958 20249 A7] AAE AAmE E-83f T=ro] dAEA
£ AEE 7 FHA ATHAE AFS 245K ARDL-ECM¥t
Granger 17 A& 283 23, F ¥ Afolof| 7] + A7}
EAfstH, APt S4hgo] A JFE A= AoE YT
ATFEET} 1% S7HE o 4RSS A7|H 0= oF 4.26% Hashe 9t
()9 337t RIS E3F AR £A4S B9 B3 A Al
id oF 17.3%9] X2 RAFES AT ol A4 9] B33
Aol Tt FF AYES Hol el Ae 935 2 A +F HH 5 &
TR0 AHo] HQRFZ AJARRIT

r

A

FHO: X2, oFU: §AHELE, ARDL-ECM, Granger Qlatd

| 2 ZNEY ATX|AZL XY wot AT EAS(2025'9).
*» BMS ZMUStY ZXSHY W4(s.h.park@daum.net), THSXXt

© Copyright 2026 Social Integration Research Center, Kangwon National University.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.

91



MBSO H7H 15
L A&

SAA AFEFRAN] W= 9] AAEARES 20249 0.757
0=, 20159(1.24%)°l vl & FOo= stslirt. ol 19609(5.99
B)7 Bk oF 1/8 20 ® 3%t ot EA%, 2026; World
Bank, 2026). = FH= 2AEA 7] S5 fIof Gehet ot
YA Ags FAs oy, 1 sl disiye 3424 Bk
W2)7] ofgith. ol2fdt @4 71& AFo] ket £2A]] 8Rlo] &Y
e AlAbSH, 53] 22 UL} E4kg 7o) ATREA7E 8%
4 tiew BAetal Qlch

AR FT 0] AIEARE FoloMe 5 TRk Wikt U
Wt 20239 0.72%87H4] sEE dAEAE ] 202449 0.757 22
A% 953 Zoloh S22 2 olget MapPt Q=] ¥ A
I} A& 2ol ks Aotk IFUETE S AL AR08 4SS
7] A&RE 20209 o]F, FASARE FA| FoUdE S Kol
Wslstal Qleh D

GASAET JAFLE 719 R(-)9] TA= ol = A o=
Hud dgos BuEy ot 944820252 =7t Al 42
Bofl ozt A FHLAT 2AE dSotath AY A=
A 9 27} SR04 o] 7|HE FAFCE s ok A A
9] A= AR, mlo]o]H-Firebaugh, 1982)= 2k 5& A
12 B9l =01 JAFLLET} E4hg Aok =8 UAUS FRIskei,
dal - 5]4{H(Vanlandingham & Hirschman, 2001) SA
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£2]: 4g2(2025).

(8 1) eAELtEn A7UE(2015~2024)

o3t B2 =7 1 vl AFoME dEEA SRl=A. Al
G - Ad=2(2009)7 F=A(2018)2 it =7} TlolHE Fof U=
o] EAtE nAE RAA JFS vzt Btk E3t
AF(Lutz & Qiang, 2002), % 2(Sng et al., 2017), Z&=} 2
(Rotella et al., 2021)= 1UE XY AFAE=o0] X LGst AR &ofA
WS A7 A 5 vEHAFE FAE SR RN e Sk
A A7 ARS8ttt AIFEES A4 - AE]4] Blgo = Ff
Ast AE 9t 7FEFHKaplan, 1996)7 HEl(Mulder, 1998)& At
Aotz QIet IFFEE F7P7F Q1S A, ARkEs), T1Ejal BAA Fe
o] YF= Fol AEA ZAE AT T3

U AFolAE FARE A7t yebETh 4 9)(2019), 19F 9
(2020), ¥1/82(2023, 2024) I+UE9] FAF4 JFS AFsIoit
g, 2P 9(2024)2 FUE ADE Aol QUL E4kg 71
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Q3] HHO A UASZ EAh of2et A= o|7]E - i
(2025)0 M= FEA o0& A7} Bt 152 FE=7t ARka o

= FASARE FA4AQ G vAARE R A oAM= I+
Br7t 2 A9LEeE 8 U2 A 7137t AlsE o] E4keol 54
A FF= & F A= B

=& U S4kEo] g JRRE PIAA] Yethe A 2K
W, 2017, A%, 2020; AR - 7H)5]7 A (Sasaki & Kamihigashi,
2022)%= EARICE 18y, thEEe] 71E w2 SAReT QI Alo]
of AHxkAQl B(-)9 JHBAT} A AAR

71E AHES FE JAFLETE S4RE0 1 _]% HIFA Fol F

=3 ok 1y ’\}‘gﬂ A== AL B2 = =
WA BAol o] Sloeu=E, &= WS 7hY] luh HRRE o=l APk
A QALY =4 Oqﬂé 5a 997t ik ESE o3t It 71A|
7t 9714 FA0| A=A, A4 F2A 25s B/dsk=A0l gt
Ao] HePEofof Jitt. & 9] 74 A= 2 A 54 AR
FARE Ao o WA A4 oS S Al
A ZAE AAE = U= Aotk

2 A o] 2Rt FA|IAE IR R, 1960 R 2024W71A19] 7]
AAE S SEolo] FASA ST U 7o) @14 S4 714
+F TAE ASFStA g o5 95l & AFtollk= ARDL-ECM
(Autoregressive Distributed Lag-Error Correlation Model) 7]41<]
Granger Q17HMd AHS A8sIth. 432Q Granger U AL
AAGY] P8 HAR skEE B9 (non-stationary)3t Hg== X2
Sto] EA5k= Zlo] dutaloltt. Tt & o] B4 didll e
(A3 AFE=(AONAE B 71 2 A7t Aoldt A%, 7129 54

i A4S 280l Alofo] mEr, Tk AHE TlofEihE Z83t B W
FE(leveloll 23 AFF A7 FHY £4E 2ttt wEh 2

r
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E 1) =2 ol I ALt Y4

B o] AT A
St O:IA-IO| 7|—OI7|7|—15~49A1|) %9_ |_;J. ot = —
= Z4h z5t03 A}
TFR |2 #Ho2 7|0jEs T SA0F 42 E;; ZAME(ASFR)Q] &3toZ At
L¢Eru1'— A|HO|C}, =20
o HA Aoy HRSH= Ol A
PD ;Hglgi:;(r_]rkm Y AFSHE QAR £ =31 2j0j0] £017 + jot X[Ao| B
= .

Atz A, World Bank Open Data.

7= HARE £1(2001)7F AAEE ARDL HEHE 5ol 348 TAE 4
Ao M, AIA|E] B ZAIE sidsts SAlol 7] w3 Q27
o] %= SEECTF 9714 Q¥ ke s o s RAsI3Ith
< 99| A4 F4S Gllolke w2 Hol, AT 29| Halh
ZAgolek= A13]7 ATt Aol ZHiA 7)AS Esks g SHaAel
HREA EY7E €.

2 =59 4L b33t At AllgolAe ASEAd &8H 7=
Atz o] B4 At HRHES 7tttk AlllolA= AAE A=9
M RIS SRt ST A% E W 1 A1 BAE wetste
S4E A4 475 AAIRH. o]o] ARDL-ECMe| 4 Axe} o|&
o2 =29 Granger U 374 Z2IE =93t} vpxjeto g
AV = A+ 235 896, o|& v & 3t FAA AAHY

2 A AN BES Pk

I A=w 9 24 9

& AFollde EieS Scke ARE ] AR EHE dIEtE
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(total fertility rate, TFR)S AL HE ARSI ASASS
=7 AH9] oy 2482 7|20%. 3t ojAo] Aof BoF ke Aow
7=l B 2ot =& utlitt &, dA9] &4t sfdo] A&ETka

V9% W, & obgol B B Ho= Wﬂt B A 58 ofolt
B, Q7 7ok 44 ool HAHel Ak BEH). o

SHAEAREC] 2.1 mlTto]H QI %117} oY A& == —v*nﬂ
o}, ASEHo|| AREsE E ofE W49l QU= (population density,
PD)= A&d QIS WAL E e W4 tiH] Q44 Hlgo|th &
AFolr= A717HY AIAE AeE SHEY 4= Sl World Bank Group
9] World Bank Open Data®ll4] Al5dl= AmeS 8okt ot
20249 TFR= Al&5HA] %ot A9 AG-sd2AelA AlEst= A
2E ZEolGith BP0 FAEAET I E HeE2 AdRTR
Zstglar, 27 TFR¥ PDE #71511c}. & A19] 241 7I7RE 1960
WRE 202497H4] & 6590lH, &4 BPoAl= TFRY PD 71| S8
A IAE sty Qs 199 AAE A7gstsint2)

(¥ 2)+= 196095 2024W7HA] AAZ1E 23K gh=2] o
EAE(HS: W) AU H/kmH)e] WSt olE Hojxrt
TR0l ERIT 4= R0l FASAEE Ao R st FAIE Ho
A9, QIFEE= FEs] S7keH, T WS AN AlHoE A ol=
W= HEHTE ol2fet AIAEE S5 T WG Afolof TR AJat

]7} ZA+S Ao 2 HolFA|ut AE QA Zo|uto 2L of
Hp7h Adgoto] Qs Foke nA=A] ddsty] ot &, A+
4“19}7} S4hE stEks AQlsks 23 YPgos ;5}53.@_;1 52
SAks WS 23R QI 29 ¥Eo] AFUEY Ao HHgE =
ZARAAof| gt ALt Aol 2T WA & AFofA= {1\—5}
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) dtlo] olfoldl skl e 14 ol 2 AT - LA
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2 A7e SASARE(TFR)Z QJIFFUE(PD) Afol9] FE|4 attA
£ 79517] Y8l BF - 13AA(Engle & Granger, 1987)2F 18|91
A(Granger, 1988)7F AAIgH QAAHRE(ECM)S] =85 2ot
A8ttt 44491 Granger ¥ AL BE AAEY A=
HAAZ sHAGE, B4 tjA} Haeso] B9 (non-stationary) A =
T&E(cointegration) TAE FAHL 4%, T A& HolHE &8st
#2447 A A7 2] FEY 45 st SA4
2l o A= QAR
&2 13 AR F PFeiR= A1) AALE
A%, 7129] Johansen
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(2001)9] 4ol wre} Wi 7k AR 2j40] BAE BEFUAE 4]
79 4Ret w4 24 B4 FA0] EHT 4 Y ARDL 7]3te]
QASHRYS Thet Zo| TEHAT.

9_&

ATFR, =

P q
a; + EﬁuATFRtfﬁ‘ ZVliAPthi_i_/\lEC]jtfl_,_elt @

i=1 i=1
APD, =

Qy + ZﬁQIAPDf it E'YLATFR]‘ i T MNECT, |+ €y 2

i =1 =1

ARDL-ECM AA WollA 5 7 Al o2t Aok A (D2
QoA A= 13 & QARE uish, EFCT, & ¥ 2F 4714
AN Wsh= QA HAgSk= Folrt E3 po ¢= 22 S5t
SHHS] 24 MRS QJuRit). olE 501 4] (DollA pet g= 2¥2 A
S4he AFEEY] HA ARjole}. & AFtolME AIC(Akaike Infor-
mation Criterion) 7|&02 W4 3 AxHlags)S Z2A5HA

2 23S 59l QaMdE wels 71 ot 2k A (DY e
AFEE0] WPt FAEA S v|A= 9714 &2 AvlshH, 5=
AASAE A9 A HabE AAfol] vA = BEA 89 ]% #’3.5}
T 4y, A7t SAR SR Fofsitd, AFEET FAEAES &Y
ZHOZ Granger QIR TS 4= Qlrot.

QAFAAT N & A7 AFOERY o|go] A= £=5 U
ERdTh THoF A o] SAIF SR [oJsitid, T ¥4 Atolo] 7]l
A ZE EARHAL HEtt), &, BpA 9 IFEErF dA9 dAlE
g e F= AE dol, F "l AT1HoR MR Folg7=

A—Yl
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i
X
I
=
0

1. @912 9 ARDL §H4 HAE A}

AAE "9 S AHs] f1sto] Augmented Dickey-
Fuller(ADF) A%} Phillips-Perron(PP) AAHS Walsto] &
A8= AlBstitt. A% A (& )¢ dh. 4 % o] digh
ADF 2% A3}, QJIF-E%(PD) AIAIZL o4 5%0lA Telo] 24
Sttt AF7HES 712bste] QHERt AAIB(A0)Q] Ao R YepTt HF

H, FASARETIR) AIASES AF7HEE 717614] &5te] E9bet &
= HQl Zog SRIEglon, o= PP Ao SUsHA HUehdth

nﬁ L

o

)

ox,

H 2) HRIZ 2y Zt

ADF A4
Ha T H A Ha
+SAFE p-value +EAE prvalue
TFR -1.164 0.689 -3.244 0.017
PD -3.324 0.013 - -
PP 7%
Ha >F By 2z Ha
-EAFE p-value +EAZ pvalue
TFR -1.037 0.700 -53.634 0.000
PD -2.398 0.000 - -
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olo] YAZIE WSS 13 Xisle] A4 2k, ADPS} PP 2
4 sl o] A2, v BABES 17 A
QPgslElE (1) AADYe] BSEGTE ol e B g 7F AR X
7 0% )2 EAEo] Gtk Fe, 2 ATold UukHel FAE
27 AL g 7E A5 247t oIS S8 ARDL ) HlAE

(e

(bounds test)& Z-&3dof sl= WHEAQ

WA, =T} FASARE PR ©

of b T W 7 7] 3F BAY EA RE HESISH. (& 3)9
ARDLY| 37 HIAE ZAFo] w2, QoA @ﬂ]%’ﬂ‘%i st
= B39 AS FEAT05.969)0] ol 5%9] ARt dARI(A1) 71
T 5.939)5 /d3lsto] T ¥4 Afolof] 712 +F BAZF EAck=
Aoz Yt vh, dAEAREC] Aol Y PAlE IR
o BAE AW W FEAF(15.048)2 FAGLCE = UEHL
U, 9 A28 ~BAF0] -1.7612 3kt AAA(A0) 71& -2.894)
A Eotei(ETigro] YAXES 242). ol 714 BA7F EAst

A =t el AFTHEE 7145k &5 2=, gAEARES] et
AFLE] G714 AAL 27sk= A 71Al= SAHCE FolsHA]
U= Qqueith. Ao g T ¥4 Afolofl= QU =Tt AAIESAE
of dHAQl Y A= S FH(unidirectional) 471 48 A7}

(¥ 3) ARDL 3| BHIAE(bounds test) Zu}

= A A At
PD — TFR 5.969 2310 271 2A 23
TFR — PD 15.048 -1.761 A7\ 2H EZE1R| o4
QA2 10): 5019/ | 10): -2.894/ .
(5% Qoj&z) 1) 5.939 1) -3.270

= H|AIRE Q|(Pesaran et al., 2001)2] YAz 7|Z.
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2. ARDL-ECM 34 23 9 »g Atk

ofl
2

GASAET JAFDE 71O SEj A 01433741% 245171 S8l %
o QAR P Y] 4 Ak (F HoF AT & A9e AICE 7L
= QFIEoA dASAEEY AT -‘?—/54’5}% A (Do st
ARDLY4, 2) B8-S HA AAHERE Aot} o= S5 3
SAEol A4 BA 471(c - 1, ¢- 2, t = 3, t = 4) TlolE ol o5
A, SRRl QU= A9 IHA 27](c - 1, £- 2) TlolE]
olsf AdZ Quigtth. ¥Hd, JIFIEE SHHSE sk 4] (29

- A= 9] IHA 271(2 - 1, £- 2) HlolEl7F AHES 7HAY,
EYHPQ AASAES 37109 HskgRto] AEEe AT} Q&

A PES A JIFEEE 275l H 71ofsHA] Soke Aes
EF T
HA A ()] A7AS 28 2oE AR, AFEET) 1% S
TABAEL A7|H0Z OF 4.26% TAdh= A0E UEhY, 5AZ

FomEt £(-)9 &84S Btk @718 02 = F7() IFET
171 Az - 19 AL 37} dAISAN shol B 27824 93
< MAE AoE EAHH A HHECT)Y Al -0.17308
UEh, A7) 3914 olgol RS o mid oF 17.3%9] £ =
Ed430l 28ES

v, 4] )F S8 g9 iy A% 2 dAEAEY AAS
= 0.1602= A==l oy, 94 A HAE(bounds test) A2}
TR = gx}/\zgsc}g Aol YAAE 7_‘2’3}7\] 3’3]'93‘:]'. ol=
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%

e
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 4) X+¥EY =Y 2

A1) AALT =2 HE FASAZE Qlard
e A2 B A BEZRx} =
A7A 4 PD -4.263 1.488 -2.86™
B\ A+ APD; 7.429 5.767 1.29
APD -12.653 5.631 -2.25™
ATFRe 0.200 0.126 1.59
ATFR- 0.074 0.126 0.59
ATFR3 0.339 0.127 267
QAR ADJ(ECT1) -0.173 0.069 -2.51"
Pl Constant 4.643 1.434 3.24™
o3 M3 R? = 0.308 DW = 2.033 | AIC = -176.23 | ARDL(4,2)
A(2): PAESAESEEE QL2 Qlaty
e 12 s % ES BEZRz} +7
A7|AH1 % TFR -0.160 0.088 -1.82
A% ATFR, -0.015 0.007 -1.49
APD 0.864 0.117 7.33™
QapAZE} ADJ(ECT1) -0.093 0.053 -1.76
Pl Constant 1.155 0.654 1.76
o3 M3 R? = 0.973 DW = 1.979 | AIC = -633.84 | ARDL(2,0)

)7 T AT 10%, 5%, 1% RA+EAM SAMLR Rots o0t

49 239 A A4 9 A= AESE] Yol FKresidual)
A A Ak (O™ 33 2ok 4] (D3 4] () 289 DW(Dur-
bin-Watson) B4 22} 2.0333% 1.9792 ARE= =R 4 3
2), ol AR 7|1%A] 200 S LT AR FRFge] A7
EAZE E2A5HA] BS2 AARRLE

(a9 3)9] A} AAE FoloAe At B4 el HolAu 4%

3k HIgFRA glo] 0L FAlo g BXO)A o2 B (white noise)okl Y-S
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ARDL: residuals
ARDL: residual

;960 1980 2000 2020 1960 1980 2000 2020
year year
(I8 3) TRt AIAIZ 0]

2 N7 o BT 4 lct ofefet Mg ke B Aoy Ayet
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o, 248 Agks0] BAMoR N ¢ Y 42US Ut

V. A2 9 WA A

B QAT 196020248 A7) AAD A2 BEIN] AL
ATUE 719] FeiE WAS RS A3 A3, T ES Aol
AL DY WA SR, 591 AL IARUEA @
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WA 1% SR W) PASEE AVIH0E oF 4% FAdtgon,
279 W A o oF 17%0) 452 24Ehe AR UERiT ofs
T 2] HET U TS 754 BeU0R AEUHE A
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Short- and Long-Run Causal Links between
Total Fertility Rate and Population Density

Sung-Hoon Park, Chosun University

Abstract

This study empirically analyzes the causal relationship between Korea’s total
fertility rate and population density using long-term time series data from 1960
to 2024. Applying ARDL-ECM and Granger causality tests, the results reveal
a long-run equilibrium between the two variables, with population density exerting
a unidirectional influence on fertility. A 1% increase in population density leads
to an approximate 4.26% decline in fertility in the long run, indicating a strong
negative effect. Error correction analysis further shows that when disequilibrium
occurs, adjustments are made at a rate of about 17.3% per year. These findings
suggest that overcoming Korea’s low fertility crisis requires not only cash support
policies but also spatial restructuring, such as easing metropolitan concentration

and promoting balanced regional development.

Keywords: Cointegration, Population Density, Total Fertility Rate, ARDL-ECM,
Granger Causality
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