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W, g oo R 258, ChadE, wAlgE, IAEE 5 VK ddaeE
o] &3t A7} Bk Iy B AFE 167] A1=E ARE o] gdle] nHy3}
gutete] Bag A nixe AWl JgE BAetua) stug, o] RE FE
MEAoz sfdAa= &g3h= o 7L ok B3y e ggade 24
2, 2g(olA8) AE, A7 A=, Vg A=, @9 891 § okt 4=
Fa e & Stk 199 - H34 (2010) o] whEH, $ejuEe] 94

& B, Ax, ZAo| FolstEr g3 Aol A} ek AR ojgHoF |}
Ehd 7hsAde] Ak olF & A 7R JM (B2 AR) 2 AA st OECDOIA
BAE el WE V)EaEl e92de] FAgedA BrPEsES 1Ed A
O A4 VEaEE gLtk Jleaels vEl @ Alselr =23 AA%E
AA ' (ECOS) o] =A] F87 F4238 FAFe A FE3Ith B8 77
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GRDP= a9 A|9e] = AA7IAE 2ujeiH, o2 QT 7|Eo® W7l
A3l BALEITE R ARSIt D FE5HG] 25 HFewM, 377
T S| o Wl mE @] (clasticity) &2 M. A VEw
Z] T MEeR 33E Wee 211 WS glo]
siltth 2008 229 5690719 9= A Hdl T

& o
AZel gl tnHE 23t BE Wee BAA S7HEAIXEE (KOSIS) o
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(Table 1) Descriptive Statistics of Variables2)

Variable Definition | Variable Unit Mean | Max | Min | S.D, | Obs
GRDP rgrdp.p | ten thousand won |28.424162.983|13.518|10.968| 304

Real Base Rate rint % (real terms) 0.033 ] 0.066 | 0.012 | 0.016 | 304
Aging Population Ratio | old65 |% (aged 65 and over) |11.926{22.600| 4.200 | 3.910 | 304
Interaction Term ro % 0.358 | 1.061 | 0.114 | 0.165 | 304
Population Growth Rate | poprate % 0.330 | 4.040 |-3.4601 0.957 | 304
Crisis Dummy wfe 1 = 2008 crisis 0.052 1 0 |0.223| 304

Notes: 1. Interaction Term: Product of the real base rate and the aging population ratio.
2. Crisis Dummy: 1 if year is during/post-2008 global financial crisis, 0 otherwise.
Source: KOSIS and ECOS.

(Figure 1) &4 7178t w2lviet 7Iesele] Fololtt 2001d 12€ A&
AME 4.0%9oH, SEE F5A7I7F SASHA 3% U= stetasith o %
2009 2% 744 Qo] A71AAE B 8sk] 918 Fehg o] AHAE &
A& ek Y 20143 o) F VEFEE 2% 9A Bl AFe 7127}

A&k o)t 7] R 91 Fel Qs 2AelE BTsw, 18 2L BA
T2 Wa 5o 990w <8 FaA TIh ARH0|AeL AALRTE,

(Figure 1) Trend of the Base Interest Rate (unit : %)
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and Tuladhar (2010) 9] AFAZE 2 FFFA gt 4= &@8d 2339 Z 24
(D92} o] sttt
A 1nrg7°dp.pi7t =a; tasArint; y + azAro; ; +ayAold65;
+ agpoprate; , + agwfe; , +0;, (1)

o (o]F AgquzAste g #7139, ol At AFES ou|ditt, Ausas A
A 71EEe]e A (Aring), AF 7|EF39 1 2

g(Aro), 1#s} AT ¥]&2] W3t (Aold65), AT S7H (poprate), F&97I
q

7}
0,37 ii.d E¥XE w2 w3 g, 2 A ox3e)). o] BE WFE
%

Az Wst (A iR Al ol A3t 719 FES t8st
=2 ]

“
. 53] 24 JE=FE] W5EE £ (evel) ©] obd W3k (difference) S AFE-EHO
24, 33 F49 4TS B} WA AT £ JEF Sk
3) Bruckner and Tuladhar (2010) ] A& 2 FFFA L g 4= &g F4S 98 =
@ Iny,, = constant+aln G, +fInX;, +6, , oItk 2lA g, = iAF 7] 1999 4
A AGHFALHGRDP), G = ARARAE W, X, = VA Auds b, ¢, =
kg (AR 545 vk, 72 K9G 9] EAE Rkt MNEEY 0,8 iid BEXEE

w2 w2 ) otk (NdEst 9f, 2024).
4) AQUFAN GEFE e 29le tekaith v, AW AR (1A Ao b
), 7194 F, 1zZet F& Folrh v nEsh Alstd] whE F3p o] x| stEd] |
s BAste Ao & A7 BAdo® 4 (1) 3 o] AFRA 1ES AHsisinh

[e)

}\_:4 = =
5) % AT Aoy Azt HolgE swow Sn, EAAY wrd A4 JEFe E
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4 (e mAdN 2els wHs W& (oldes,) He] HBAE G ro,,
(= rint,, x old65,,_,) & 1@ 470 w2} EePAe] GH oA et

A 2R gdolth A4S a, e a7t O 52U o Asaks @ ASE 18
3} vlgo] 7kl wet 27t AGuE el viAle dARRE veldt, +
AAez g2 ¥ste] A g = vt 2o

oNlInrgrdp.p; ,
W oy +ag X old65; , (2)

=1

e ST Stk o] gk SE A Gt Rl S A
Ak (threshold) &% A 4= ik, 9, Foah8 o] AT oy <0°]W, 2L

Teldsol et FAE vE ASAA Al
A dFE vAlE AR Yehdt, o] 18Tl w2 AT R U9
Qo] IS FolaL, ol wet A FAE A5HE A9 jME 5 Stk
MR oy > 09] #& 7HAW, L¥3F A A QM= Fe el 23]
Al g4 A B3 HebiAY, 544 g3 dstst 3
ot A= s Ae] ARt nA e & Bk VIesdld] AR 3 1
3} ol whe AoAs 23S A aefste] sjAsliof gt} 6 i3t vlEo] &

<
rr
ol
o%
o
fru
N
oo
o
o w

(level) o] obd <Azt Wzt (ZH) o2 Ptk o= F8l9 Hd FERT 1 W)
(difference) 7} ©7] AAZFo o AHAA FFS v 53 A o] 2 (Mishkin,
1996; Bernanke and Blinder, 1992) o] 7]%kgl Zolt), 53] Fele wHIEE ZPHE W
W, AGUFALHGRDP) & A S92 #SHBR, A F8] ¥t FALN FHeE v
FeEdy ddEh T3 2 ATE did GMMY A3 2E (ECM) & ARg-ste] YA
AL BASIL ©7] - 7] AHE A Bt Aok old wEt A4 VEeEE xS
YW (nE3) AT HE, AT SV 5 BEF 2 } (A) FHE A o=
< WHF 7 FHA BAE HeR Fstn, AA Wsle] ] 3E AEsE]
=4 Al oJgt Aolt}. 53] A4 VEaEe X}Tﬁ(Amnt) ) B A &
A7A ol A= = E%‘é}‘:‘ &4 ”4"0]7] wfZolth
] 22449 9)g0] AZREY VIFE 89l
Az} A 7t gEgAlAde] EAEA| %%_E I} (Brambor, Clark, and Golder,
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7hle B AR Ee] A= TR WA AV 2 7RsAe] itk WA
AL BA8ln nF AT e9lo] B Ao A2E Fu JIFS F F 9lenms A
32 oA gEle 3719 #hE, 2RI HES W71 jhe o] &sidTh Al
A GeEFE vX= AT S7HE poprate, , 2 A 717kl wHAYE 2008 F
9718 elste] 2008 @k 1, YAl e A& @& 022 T wfe, &
o4 (Gn)) WsE Tk

&, o] ABAT Aol 2ol Al = Ao el whel Eap o] 4F
T 3k AE u® s} vlEo] 2tel 7} w5 371] bt

= G348 sl AR S8l yrds 1E 5
7hell 4 (3) 3 #o] RS AHsilrh. "ris 1= felvet 1671 /\lE - =

=
Aede] A% 19 @ 2tn A Ade] A% 09 goz Fejay,

Alnrgrdp.p;; = B+, Arint, , X I+, Arint, , X (1— 1)
+ 0, A0, X+ 6,A10; , ¥ (1-D+¢ Aold65;
X I+ (A 0ld65; , < (1 — 1) + By poprate; ;

+Bswfe; e, (3)
7) wA 7IRH2001:8-2019d) F<F Al = Aele] mEst A W EE vl TkE deAE
Holm S7kta gtk e7lelN FEE He 71e7] b WA HH shed - AFA

A
2000) 0] SFL AR A A9 295} AT G| FEAL = AQUE WE F 5
Al A9 A A7) FAT ¢ sk wddel €28 & 7D A B U
Aoz A4§3d Aon WIh(@TD

(Figure 2) Trends in the Average Aging Rate by City and Province (unit : %)
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2) 1i'd ARDL-ECM =

2 (1) 9 4 2] A4 21y FAl, @79 7] a3 FETCEH
B} AA Q] AAA AAPH S =E3A} Pesaran et al. (1999) 9] sid ARDL-
ECM 23S A Huz} gt} 2 28 sjd FAE 2oz 2 Y 1(0) ¥

SH1(1) We7t EAE Bl Ag bes, TAR AYL HAt oY R

(Unrestricted Error Correction Model, ECM) ©] 7]%&3}a it} &3k vy 2 %
71AFe] EA F7g0] 7hsstal 7P (A9d) Al o]dAE W d 4 ik
ol¢} I, Aat Mg E3ete FHIA FEE B W i Y EAE B
How FAT & e S Adeh AALE AsTE () FEjelAT FAE #
A7y EASE 75, @ AHE Bk ECM= €85k Ao] AW &4 Sola B

ot Heet 42 st gtk

g ARDL-ECM E&o|& Mean Group (MG), Pooled Mean Group (PMG),
Dynamic Fixed Effect Estimator (DFE) 2] 37FA] F% HPH8) o] °1E‘r. o] = 71
FEAQ B shpav A S S8l gjlsked], 19 AlelA MG 2%, PMG &
4, DFE 29 3 F 7)o Rg< gl A8 A sterh. as]a 2804

A A% R@ow HgE 233 de e @ 19 23 fgew 3

E A E A FHRE A4S Ya 194 = MG 283 PMG 28
<, 28AlA = 124l H3Hde] Eld PMG 283 DFE 235 ez

8) 4 FH R tigh A 212 HH(2020) & p. 4, 55 Fudth Z 4 WHS HAMER
- 7] BA gk 7ol u}:eﬂ. MG 28L& F7|9l @7 B8A7F 2% o|dHolgta 7}
Aokl T (&5 A7) & N (&S ) o] wil-$- Aok gty PMG 232 7|34 = 5440]
U @7 #AE oA Aol 7}73 3, DEF 23 27| 9 @r|8Ar) 25 Fdz ok
78 & AHE-gih
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5% FrolgTolA she2nt A e Adsiaith. 1 A3, PMG 2Eo] 7P 2&
ARl Byoz M|t (Table 2)& ah7-2%F A% W& 4 23 Hd9 4
HE AABEL slen, old mEl & A= PMG 28-S 402 #45 Jgst
Atk
(Table 2) Hausman Test Result
Chi2 (4) Prob > chi2 Choice
MG : PMG 4.59 0.4673
PMG
DFE @ PMG 7.70 0.1735

theo@ g ARDL-ECM R2&e PMG F4HS At ach 4 (1)<
J'd ARDL(p, q) A2 o2 F&sh tha2 2t
D q
Inrgrdp.p;, = a; + Zd’illnrgrdp'pi,tfl—"_ Z/\li,lrintz‘,tfl
=1 =0
q q
+ E)\Qi.lmz:,w T Z)‘% 0ld65; ;4
=0 =0

q q
+ E)\A‘i,popmt@i.tf s EASi.lwfci,tf 1t 0;, (4)
=0 =

2 (@) A a; & 3, ¢ A (K=1,2,3,4,5) 2 539 AYAFE] 37
Al pe T AAL g5 53R ARtk HA AlRbE SIC (schwarz
criterion) AE 7)ol wlg} 2R EE H4E0] AY|A #d BAR Fdshd g
ARDL W74& ECM (4] (5)) 22 yephd 5= sich
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Alnrgrdp.p; ; = ay; + (901nrgrdp.p,._t_1 +0rint; ,_, +0,r0; ;4
+ 6’3old65i7t, 1t 94p0pratei,t Gt Owfe; 1)

p q
+ Zd’mA Inrgrdp.p; , ., + Z)\u,zA rint;
=1 =0

+ E)\Ql ZATOIf*]—’— 2)\3/ lAOld65l t—1
=0

+ E/\47lApOprate1t—l+ E)\5Z/Awfcli—l+67f <5>

=0
2 (5) M A 2 W] 12 2R, a,® BT 6, A (k=1
< FHE AWsEe] WAL, a8x 6,(i=0,1,2,3,4,5) & F7IASoIch
2 ()l AT Hy: 0,=0,=0,=0,=0,=0,= 0% I=a}1 ZHE

&
o
>
ot
~—

A lnrgrdp'pi,t =ay;t Ci(lnrgrdp'pi,t* 1 T I  — MaT0; n30ld65i,t

p
— nupoprate; , — nswfe;, )+ Y56, A Inrgrdp.p;,
1=1

q q
+ ZXJO/\M,ZA rint; lZ Agi 1 ATO;
= =0

q q
+ Z A:}i,lAOZdGE)i,t 1t Z Ay Apoprate;
=0 =0

+ E)\s,zAwa t—1+9

=0

—
*2)
Nt

21 (6) MM QA A4 (error correction term) 9 ¢+ 7] #¥ o FHES= &
H 2

=2 Yeiia itk oA Al E ol AR CA S A7) ol

9) AR ECi,t— 1= lnrgrdp'pi‘tfl - 7717”mtz‘,t T 1eT0; T 7730ld65i,t —npoprate; ,
- nf)wfciﬁt olth.



68 R A 737 A3

fol

BEs] felde ey ATE =) 9 g 7k I
21 (6) oM FHE C,n, o, A7F PMGE] F o] wm g7} S5 gel s

o] A71A BAQ] FAE W gt PMG F4lAM nE ZE dd gl

E §, AE oldZolgm 7Pgsl a5 A3 ARPE OLSE F43 F 44
o

of A Rl Ay ®E EETTL

Pesaran (2004) ] CD 737 (Cross-sectional Dependence Test) & E3f sdx}5 o
Y ojE&o] EAT=AE HESSIH oFeE], dvbEel did ngE o
& LM (Lagrange Multiplier) 43S &l 7o yA1d b &4 oJHE

7Fe AAsksiH.

(Table 3y w=2H, 1% FolFEolA "Fedd ool it #F7Hde] 7]
AHez, dpdatg g 23] Zaje] eyl ool AR #d itk
oo we}, &4 A e TS 1 =Y F4o] dasith =3, 2y

7

2k 1670 Alm=e] oA Q] Al Taet A9 545 el w|, dAtEeld e
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R
18
e
o
o
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o,
f
i)
2
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N
H
rr
s
2,
2
(]
N
mlm
fet
r (¢}
ol
o
rr
2,
o]

o 7t 7187] A7t o]AARIE ol mEsA @& F, A Az 9
(bias) 7} AT Tk upH o o B Hlole] 7 o] WAL e, ©
AT A= g BehH o] EAR LR 7% (Panel Cross-section Heteroskedasticity
LR Test) & &3l A 1t o]EAt o 75 IIkich
(Table 3) Cross-Sectional Dependence Test

Test Statistics P-value

Breusch-Pagan LM 803. 044 0. 0000

Pesaran CD 24. 047 0. 0000

Notes: 1. CD test : Pesaran (2004).
2. Breusch-Pagan LM test : Breusch and Pagan (1980).
3. Pesaran LM CD test : Pesaran et al. (2008).

AR Azl 1% FoFFoA 7187 AG7F 528 A o|g= AT o] 7124E 9
o olel whe}, ¥ A7 AgE sdAEE A E R o] 4Ael 7]
AZths dR7MS Ade) =, oled ol e idd 5
2 asitt.

(Table 4) Cross-Sectional Heterogeneity Test

Test Statistic P-value
Panel Cross-section Heteroskedasticity LR Test 390. 51 0. 0000

=
@2 Y (common unit root process) =

(individual unit root process) = 7Fg3l= AP o= T+EETL T% @9
@%Pf AR o2 LLC (Levin, Lin and Chu) AARS AFgalon, 71 g9 1}

[o
_\|‘_,
o
ol
rr
o
o
o
=
e
(.
fo
rd
i)
o

< 7F838= 7% ADF (Augmented Dickey-Fuller) 73782} PP (Phillips-Perron) 73
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3E Agadeh A 97 mRe ARMIE BeIZe] EARF IR, ol F 717t
A Y Wrt 3RS M Aoz BuE

(Table 5¢] Azl w2, LLC 4% 717202 AGUSAust 28 v)g A
i B BASE N34 AR e, o de e 1%
A8 5 20 Bedn £ 229 0y vgel 3BAe o o) By
G AADR et A 4SSk HLARS A WF 3 103}
1)l EAslel glonm, fejuld 82 sla W 2 FAE DA Aol

| 7Fssitt. dutdozr x4 e 7] <HgA oJF-+= Pesaran et
al. (2001) 2] Bounds Test® HA|wlE & A3E= dd2gE 7Hlo g siug

43¢ A8k, Ao RE, £F W5 B

v}
%
o
_?\_,

£
T

of
2

M

N

T4 residual-based cointegration test) = 483+
ok o] A< ‘—H!f“ﬂ‘* 2 W 7 AVA ZAE BAZE EABHA] gt olH,
712 A A7NA 18 BAZE AR Ao® M 4 ok Kao 38E AP
Hdzge] o]dA 71&7] AgE w5 9leH demean HA0 & Ff F

B ojEde 1Hd & e Aotk

e
>~
o
@)
~
(@]
(@]
=
lo
4
X
O
_14
M
b
o

(Table 5) Panel Unit Root Test

. LLC Test \ ADF Test PP Test
Variable - - -
Level 1st difference Level 1st difference Level 1st difference
Inrgrdp.p| -1.276 -7.161%%* 18. 283 94. 026*** 71.02%**
rint -19. 52*** - 188. 18*** - 28.23 103. 674***
ro -6. 354*** - 40. 874 209. 097*** 14. 482 196. 083***
old65 8.214 -4.601*** 5.497 49. 203** 4. 260 55. 868***
poprate -2.421** 3.388*** 54, 14**

Note: ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

10) demean 2} &3 W] HidE A7shks WS ME 7 #AE © WEs 245 6t
M 25 A A @AM Fad JEE Ik
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(Table 6ol waw, F2¥o] ZASA Perhe ARl 7ol W
AN FE WA AAES FAD

1=
o] ZAE nigo R, E AJE ECMES A

Azje] 774

tlo
o
N
fr
Jot
o
<
kY

(Table 6) Kao Panel Cointegration Test

Test Residual Variance HAC Variance t-statistics P-value
Kao 0.001482 0. 002332 -8. 35005 0. 0000
Note: The null hypothesis assumes no cointegration. ***, ** and * denote significance at the

1%, 5%, and 10% levels, respectively.
3) mid olmfzbA| AH

B A AbE olle AT JABEAY E2A1E 4 Itk Dumitrescu-Hurlin
(e A1) o] e o] @S neld sidats FxolAe] o
A QA A HE ARSI o] A= BE JiA il A
7F EAlEA gethe AFHd e A%ska ok
{Table 7)< Dumitrescu-Hurlin (2012) o] A|¢tet sid <1zt H4 A= A
Alstal ity 1 A3, AqUEALE 52 3t e dide
7Vdol 5% frelaollA 71ztE o], T W T ek a7t EAjte] &
A=At =3 AT FS A ) (ol = frolgh
she Ao ® UEith ofdf whg}, o]Fo] A= olH g WA EAIE 1
3lod, Arellano and Bond (1991) ¢ GMM=} s'd ARDL-ECM<2] PMG F%
st} ARg-gith

(Table 7) Causality Test

W-stat Zbar-stat P-value
Inrgrdp. p~>rint 17.0 19. 9844 0. 0000
rint>Inrgrdp. p 6.69 5. 84339 5.E-09
Inrgrdp. p~ro 10.0 10. 3869 0. 0000
ro-Inrgrdp. p 5.58 4. 32949 1. E-05




72 FEEERTE A T3 A3 &

1) AtE BN REo| AIZEHAM 20|

(Table 8 Bruckner and Tuladhar (2010) 2] A& €4 w3o] B Avls
AAstaL ot 2y ek A3}, o] 4k, A o] EAlskA] ge Al oR SRy
Reom, OLS9 #dxts £4 Wi 13T TY (Fixed Effect model, FEM),
358928 (Random Effect Model, REM) ZI8]3 GMM 282 B #4&
gatqict. she-ant A% A¥, FEIHEYPC] A3t AR YEown, o]d
w2 s dERY 2 %m‘gi zlgggict,

A 23, 599 M3t A9 S
o FARCRE, 27t 1%p 3 A5 AGES 9 OLS®°1V\1“ 0.091%,
REM@elA & 0.092% 2}2+ 7Haeske Ao vkt

o

; ml°

Ashe olelah 20 ol €4 WALEE Weteln SiEk e Al olel e
B - W5 - S5, 2017 9574, 2020) M= nF st AASAEE Shetel o

G2 vAE o olow A b gk ¥ A7e] OLSD % REMAE 3
Gl vl ge] Sk AGRFPE] PHHA G |HE Ao Felmgion,
ol T AWFSAT Bh L &0 - TA A5 B AGAA) TR
Fe 724 9902 488 & e A

A

w133} v g7 FEle] AEE Wl tidt B BE R f
ofgt A+ 9 g=Ege] vyttt AR, OLSD, REM®@¢} Difference
1% <7t o A|F9ikzEo] 242t 0.005%, 0.001%
S7Fke oz BAE], o] wake] gyt gelFdu ol FE|7t A=
o PX|= AR 3t HlEo uhet Depivhe A2 ARG A At
D55 g7t AG9AA G v = Gado] de] £(-) o &

el th2A Wgletan olom, oldt Fas o] A (+) of e
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(Table 8) Estimation results of the Output Elasticity Model1V (Eq.(1))

Difference System
OLS® FEM REM®@ GMM® GMM@
0.931*** 0.939***
A (-
Inrgrdpp (-1 (49.92) (58.04)
Arint -0. 091*** -0. 092*** -0. 092*** -0. 001 -0. 000
(-6.73) (-25.28) (-25. 28) (-0.53) (-0.15)
Aro 0.005* 0. 005*** 0. 005*** 0.001*** 0. 001***
(1.68) (7.03) (7.03) (3.38) (3.34)
-0.110 -0. 170*** -0. 169*** -0.014 -0. 020**
yAN
o165 (-0.83) (-4.56) (-4.53) (-1.15) (-2.05)
oprate 0.014 0.027*** 0.027*** 0. 005 0. 003
pop (0. 60) (3.24) (3.25) (1. 60) (1.19)
; 0.079 | -0.119"* | -0.119*** | -0.001 -0. 000
wre (0.73) (-4.07) (4. 06) (-0.17) (-0.04)
cons 3. 642%** 3. 507*** 3. 357 0.219***
(40. 44) (140. 61) (43.15) (4.14)
R?, Wald XQ, F | 0.1535%** 158. 16*** 780. 38*** 17994. 08***
Hausman 0. 8563
Ar(1) -7.49*** -3.28***
Ar (2) (p-value) 0.98(0.325 | 1.36(0.171)
Sargan (p-value) 152. 47 175.09
ganiprvaiue (0.362) 0.338)
12.81
Hansen (p-value) (1. 000) (1. 000)
Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.
t-values are reported in parentheses.
Zlegele] A3 53 9 W4 gye) g2 A8eta 95 HoFu)h
=, Fe|do] Az n|Ae ¥4 53, agla a3} Al nHe B3
A o] FoAge g, Ao r A1 g o] Yepdte L 7|E

1) WA #ES BR8] Yall Bruckner and Tuladhar (2010) ¢+ W3 - o] 4] (2014) &
Arellano and Bond (1991) 2] GMM Z3-& A&ttt & no= GMM ZF oz =74
FE B4 o] gt om AHE GMMOIA A4 7|Ead e AHEg, W7] 547 &7
FE A, Al2E GMMoAXE FE585] AR AR 2AHEE thE WFEe] &
THFZ YAty =] 4445 A s17] 918 AR A% Sargan AR N4 =T
Ao Aol Adsitie AFMde] AdE o] Adio] FHTh. e A%
Hansen-] AR A% o] #|x| st}
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AYATFET AAske B4 2z 4 5 Aok ol nRss} e Ao
£893 $EAd 724 Aok g9lo F8am YL HalFE 424 27
= 48

<Table 9> Estimation Results of the Output Elasticity Model
(with Dummy Variables) (Eq. (3))

Difference System
FEM® REM GMM® GMM®
0.923*** 0.930***
A p (-
Inrgrdp.p (-1) (44.17) (59.78)
0. 110*** -0, 107*** -0. 003 -0. 002
Ari
rint > 1 (-24.67) (-21.87) (-1.03) (-1.15)
-0. 067*** -0, 075%** -0. 001 0. 000
Art —
ring < (1-1) (-11.81) (-12.81) (--0.32) (0. 18)
N 0. 006*** 0. 005*** 0.001*** 0.001***
(7.76) (6..72) (3.05) (3.00)
0. 007*** 0. 008*** 0.001*** 0.001***
A —
rox (1-1) (5. 41) (5.32) (2. 64) (3.47)
0. 168*** -0, 197** -0. 014 0. 021*
A
oldG5 = 1 (-3.91) (-4.21) (-0.98) (1.77)
-0, 295*** -0, 211%** -0. 021 0. 027*
A = J—
old65 < (1= 1) (-5.33) (-3.74) (-1.11) (-1.79)
. 0.019** 0.021** 0. 005 0.003
popraze (2. 32) (2.37) (1.52) (1.11)
wfe -0, 147*** -0, 146™** -0. 004 -0. 004
(-5.30) (-4.69) (-0.52) (-0.61)
comstant 3. 481*** 3. 497*** 0. 252%**
(143. 30) (74.89) (4.67)
R% Wald %, F 121.36%** 765.15%** 18380. 30***
Hausman 0. 0000
AR(1) 7. 56%** -3, 30%**
AR(2) (p-%b 1.05(0. 293) 1.58(0. 114)
Sargan (p-%k) 154.49(0. 242) | 174.26(0. 354)
Hansen (p-#) (1. 000) 9. 43 (1. 000)

Note: ***, ** and *

indicate significance at the 1%,

t-values are reported in parentheses.

5%, and 10% levels, respectively.
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STHNE RS FA = ) vtz 17 gl v)ge] gk uE x|
A3 FEM@M ¢ 1 < 1 G| & BT =, Al AHellA
Z7F A9 A2 0.295% A7 1 gdEEo] 23 o A
yelsttl System GMM® 2& 9] A3tw FEMD2] 2323 A|A|shs Ao = gl
HAok AT SR F - ol T 13k ARt st
o Al Aol AL 7hEshed], oldE - o3 °HW]—?—(2012)
271, di71de ARdAl 7 B2 Al A Gel] AT S nx

1o, Hn
>
(Y
s
JE
oX

&
o
o
-
1o
S

o
rlo o

rlr
oZi
2
o

2 QRSP F7h2 ololAY] A 2L
133} vlge] YAR(—ay/a;) o1 Woleh, o] YAGE (Table 9] 37 2

=
% & BE W At SAHCE fold FEMO= aioR AHEsiith (4
Z

Alnrgrdp.p; , = 3.481—0.110rint,; , X I—0.067rint, ,
X (1= 1)+0.006 Aro,; , X I+0.007Aro, ,
* (1=1)—0.168 A0old65; ; X I—0.295A 0ld65, ,
x (1—1)+0.019poprate; , — 0.147wfc; , +¢€; , ®)

2 (8) 9] 74 Ao w2, 173}t Hl&Y] AR & A (=1) 9 735 oF
18.3%, A X (1=0) 9] A% ok 9.57% & Jebdth olE & A JoxE 133}
£0] 18.3% 5 2% u, 38 Qo] AQUIETAS TV 7FsAel deE
ouisie, Al 9L uF3HEo] 9.57% 2 He A5 =2 43 744 aap)
Aots| ALY G AR AHE A § USS AARIL olgfdt ATe Al 2|99
3ol = AAE wEA AAFE 2937 wiol, B3 H myie] A
Ao o ol2/ =YdlSS HojFrh

(Table 10)2 |9 n#3} H|& A5E vlgo R, 2] (8) oA =4 JAgk

Z7gk A o] AR EAsh=R], 2E|a 7t A o] o= AHRE & A
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(Table 10) Estimation results of Regional Thresholds

City Year Province Year
Pusan since 2007 A since 2011
Daegu since 2009 HAgE= since 2017
Seoul since 2010 BREE since 2017
Gangju since 2012 SR since 2018
Incheon since 2013
Daejeon since 2013
Ulsan since 2017

Source: KOSIS.

(Table 102 AW BEH, TR} Al AS nes) A8 257} o] UK
om 7P wE A9 Ao R 20079 o] F w&shl Jd Aow Helrh 774
Alel BE Z5olA olake Aol AGUlELt SUER oo e AlEE #lE

T v} whAo] o] B, 97 F 4789 FellA o]k 22 o] ey AR
o

¥ 5 gk oleld Avke £Ed YEB A B B9 F A o=
A AGAN B AR HEA (18, 47 ) EE FEACE o]F, FAE A
e e nY3kE A F7F 5 89l Ug + Aok

2) ARDL-ECM Z&2o| PMG F&H 24 Z1}

(Table 1) WD EAE %ﬂ]é‘h A Aol A FHs] S8 3
g ARDL-ECM Z3<] PMG % A%E HolFrh
sd ARDL-ECM =3¢ PMG 4 Az, a3 d2 BAAoR fon|dt
= ()9 #= Jepion, olE B3 AQUEAL b W el A71A
P WAVE EATES 1T Utk LA ASE -0

=1 = 0
Do qHoA olgdet FAL F6.3% SRR Y] 37 FHE 2 E =
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A7} gstem, 93]y AbEdl S BAE HSE F U= AAKETh o)
3t A= Bruckner and Tuladhar (2010) & 23 AAlE B4 Ayoie H-3
obH, 13t B3y avkel Arel A 29T P F deS A
FH o HojFEry, WM e Fa3 HEe] frolido] YehubA] &3k
A e DTG - NEeANE > AERA (e - B R
e AlaF 23 (ag effect) 7} EA52R, S35
714 B A jAlske Zlo] BHEe 2o g At

£ A= ARDL-ECM E&e] MG ¥ DFE %4 235 F-Zof AAeA
o Ry RFelA W 3F A7) 7d BATE el veksT

(Table 11) Panel ARDL-ECM PMG Estimation Results

Variable Cefficient (S. V) Z-value

rint 0. 055*** (0. 012) -4.52

ro 0.029*** (0.013) 2.21

Long-term equation old65 -0. 336*** (0. 105) -3.19
poprate 0.032** (0.015) 2.07

wfe -0.070 (0.103) -0. 67

Fe -0. 063*** (0. 018) -3.42

D1. rint13) -0.110  (0.007) -1.57

Dl.ro -0.000  (0.000) -0. 96

Short-term equation Dl1.old65 0. 041***(0. 012) 3.42

Dl.poprate 0.015*** (0. 003) 4. 45

Dl. wfc -0.010 (0. 009) -1.15

cons 0. 272*** (0. 075) 3.63

Notes: 1. The ARDL(1,1,1,1) model was selected based on the SIC.

2. *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.
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HARE oA WSATIEAE B e, A9t ko] %38t £k Zjol S W
Fate] A oA F7EE 1EsIslth Aol 2001 dF-E] 2019E71A] ¢

= 1670 A= A8 S &893, Bruckner and Tuladhar (2010) 9] AH= gH4
%3 283 3i'd ARDL-ECM (PMG F+4W) & &all &3hg#el &7] 3 7] &3
£ Al Fsislnh

B 23k, AFA A o 2ol M vhs) Lo| FelBe AGNEA

2549 9 vlHch Tt 5 M o] FoldsR of ¥4 Jare A
AAAYIL, BY FES A 08e FHA BN AT gl Uek

2

3} Modigliani (1970) o] Aei57] 7Pd3t F3teict, 5o ni32 Fuf Wsll o

o Wztwel Amle] gEo]l HMubdow e EAS Holy] wjiol (Wong
o

2015), E3pg Aol AEAA SJgadE Ageles eclow 23t 21 o7 Hlth
Kantur (2013) 7} #A| A8+ OLG - New Keynesian BN % 1#H3E= F8 U=

£ 93 By Ao a84dS FRHoR AT

i)
+
X
o
o
9
i
2
o o
Bt
M
>
=

£3], nE3} v dARS = A9 (1=1) A <F 18.3%, Al AF (1=0) oA
°F 9.57% 2 YEISITE o= Al A9 udd} vl&o] = X dRY w2 AAIgk
S 233)7] v &l 3 ayte] A (threshold) o] O Z27]d] 22322 Al

ARt TR Al A B AR Al mEdlA 20139 o] do dAIRkE X3t
& 298 97 S Aol 20119, 1 9] 37) A gute] 2017 o] % T
Ao TEg Ao yesdtt ole AW AdFe] FEA olF, 4 At
TORE A A T e S uF st 2 H 7] wolH, ol JlFFx
Hshs F3kg A gato] Aatel R E P24 JEFE AL YSS BolEtt

olglgt AF At vhadt B2 FAA AAE Atk A, S5 A
AAle] o] QIFF2E] FEHA WS qelske Ao] BAelt. n¥sie 24
ojz&e] sl = A7 aL, Fele &M 1% BHE AATE A &
oz Agstnr, A 4H] - A& WhgS Tl BEE A s W
& gart ok =4, A9E 133} ol mE T3 Yo Aped e A9
AAe] F24 AL . AARE =7

&
>
R
12
=2
R
rr
oft
Lo
oxl
12
o
N,
=
[-'\:1 il
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BAA, BARA, e Ao A A BAo] WA olop Atk AR, 17
sz 8 FaEAe Wit e AADE Ao Huish ALY §2 HAL

% e
ol o sk o glh uERlTe] mEA Aeld Ala, AuA= e, 3
=9 984Fe g 52 gl Wstel dig RA=E I B2 AaE

T ATl A aEske] i ohdE AolF71E

Aof At gatel tigt EAe] 2
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(Appendix)

(Table A1) Estimation Results of Panel ARDL-ECM Models (DFE and MG)

DFE MG
Variable — —
Coefficient (Std. Err) ‘ z-value | Coefficient (Std. Err) ‘ Z-value
Long-run Equation
rint -0. 025 (0. 023) -1.05 -0. 005 (0. 055) -0. 08
o) -0. 009 (0. 006) -1.32 -0. 022 (0. 027) -0. 82
old65 0.267(0.0179) 1.49 1. 059(0. 690) 1.53
poprate 0. 040 (0. 035) 1.13 0. 378 (0. 268) 1.41
wic -0. 323 (0. 201) -1.60 -0. 477 (0. 449) -1.06
Short-run Equation
Ec 0. 082*** (0. 019) -4.15 0. 209*** (0. 099) -2.10
D1. rint 0.014***(0. 019) 2.52 -0. 005 (0. 017) -0. 26
Dl.ro 0. 000 (0. 000) 0. 54 -0. 000 (0. 000) -1.06
D2. old65 -0. 007 (0. 012) -0. 54 0.003 (0. 026) 0.12
D2. poprate -0. 001 (0. 002) -0. 40 -0. 004 (0. 012) -0.32
D1. wfc 0&0(?2060*83* 3.08 0.011(0.013) 0. 80
cons Oi02‘90971> 4.18 (20722 " 2.16

Note: Standard errors in parentheses. ***, **, and * indicate 1%, 5%, and 10% significance
levels.
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Does Population Aging Alter the Economic Effects of
Monetary Policy?

Hyunhwa Paek™ - Youngduk Kim** - Eunyub Park™**

Abstract

Population aging has emerged as a key demographic factor that structurally
constrains the effectiveness and transmission channels of monetary policy. This
study empirically examines the impact of the real policy interest rate and the
aging population ratio on regional output (GRDP) using panel data from 16
metropolitan and provincial areas in South Korea between 2001 and 2019.
Employing an Autoregressive Distributed Lag Error Correction Model
(ARDL-ECM) with a Pooled Mean Group (PMG) estimator, we incorporate an
interaction term between the real interest rate and the aging ratio to quantify
the heterogeneous effects of monetary policy and regional disparities. The
results show that an increase in the real interest rate generally reduces regional
output, as predicted by conventional theory. However, this negative effect
diminishes or even reverses once the aging rate surpasses a certain threshold.
Specifically, the turning point occurs when the aging ratio exceeds
approximately 18.3% in provincial areas and 9.57% in metropolitan areas.
These findings suggest that population aging alters the transmission mechanism
of monetary policy and serves as a structural constraint on its effectiveness.
Moreover, metropolitan areas were found to surpass the threshold earlier than
provincial regions, indicating an earlier arrival at the turning point of monetary
policy effectiveness. This can be attributed to demographic shifts such as urban
concentration, youth outmigration, and declining birth rates. This study
provides policy and theoretical implications by emphasizing the need for tailored
monetary policy design that reflects the degree of aging and regional
heterogeneity.
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