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(E 3-D 952 #9 2 V 7HA A 71D
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HE24 36.834 37.608 36.466 0.041
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Sha, 7 WA el Z3t AA| ghate] dpelE oW Agel} A avtz

O™ 3-3) d45ATHE =

ofl

Z4 Fick et al.(2021) Fig 1.

SHAE A (Synthetic Control Method, ©]5F SCM)2 sl T 459

A7 G91E theo] BUo BE Agow Ak wF A ARS TS
Aoow AT HA eleh 4 W9t Ank AAd oS3t W

Ao A FHEA RHA =T TSR] Wet AE52F TSR] VE S Al
eistch(Abadie, Diamond, & Hainmueller, 2010; Abadie, 2021). o]Z2 A

o

Qe g4 AT A4 ARG AT Holg A an AT 4 ok
SCMe] e ohge ol Zidoltt. A, HE oA AEe WAY 24

st d1H Aol o215 £k B4, 715A AK0-1, ¥=D& 53l 9
e vt AA, A7 AAE BdS AR 2SS 5 3o
WA 7HAS Aoz mrysith uiA, At sfAo] ool Ao
AH B4e 9 4 A
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A, AP Aol i AR siA o] AlFmrh dolxint, A, =7t S
o thgoba] efow @Ael Aol wobd 4 gl UiA, A adt Az
dojell sk ALg B3t kA F4d o o olHe e &Y 74
A, AP AT ", AR 919, LOOR Hegkghrt,

BE 9%F(placebo)9} RMSPES FAHo2 AAH, 37+ 9

2 ARe
ke LUE WZol AA2 e Ze AAE whEsla, 7t Bl A5/}

A RMSPE Hl& Z2ZE Tty AFAI9] Hlgo] o] oA A9fol £14]

sk, WSE Azt 495 S SEol Yohal 2o AR Ago] i
ol B goa AQlsk= Ao] Walolth A7 9Joke A ALEE AFAL] o
ol dr® HA §d AAE 7ot WAlolth AAl A A} FHo
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LOO(leave—one—out)= 7127 2 Lyo] st o2& HAs= =

2, 2 2UZ shpH A9s) o @Sk B7] §7 o2 Eok(Abadic,
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2015).
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gttt 29 AAE AAle A5 FBo] BA a ARATIREe] 3 gt

= B4 9EA(special predictors)2 E9FotTh, 7S 1995-1999, 2000
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&4 AFAE wEHY F 7P HISE Aok ot sty ofF Bl
|

A9g duht 42AE Bt vm 499 27

A Fhey ] o]
T, e st % Aoo] duht Hl2@AE B4 o off oF WMEE o
Qs 242 Aokt % Wso) Farolr

B d7E o £ HEe & Az Aolar. W4 % @40 FeEs
St Ae ohe, 1 7)Ee] WEe] AA WA #A 58 AP AR
SEs da Moo 5% uge ALY &% Hee ot ALL o7t
stz ghgdon AL Feod, 2L Arolde Anrt E524 o
Lo} dE w4 Fank @a Az WAl Hsdn 2 AW 29
ol Ae Sy P AF TUoR W Sty TUoR BE gl

0l A A4Sl 1 2
CHRMSPEIZ BT, ol A2 4 o2 Ade A DA B4
AFA 0] 22480 uitt duht Hol ‘;I—‘:— & 8ok 1 uﬂ&z, 3

1A Z

shtol ﬂ; e golet. of 7*01

glo] A24= A Aol ookfz@% gtk T RMSPEL 251 5
ol G 2 A olof @t

AW, ARE zpole] oMol AAZE "asith & AT AR XA

ACF-PACFE ofH] AAstHt. 454 28 7|5 oAZo] o} 7154
7IRF Aol B2, AR ZEAte] b wiAst= 7 iek] Atk et A

e %} Zpo] AAA FAZE AR A gob QU] otk ARA ol

A9 el 3z 2@ FIA Aot AR SEIEZH(A:

1995-2003, 2004-2011)2=2 o] Z4zZke] RMSPEE &elstal, £4

Z
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2 S,
TFzre] EAol dmshA wgEe 9™
RMSPE7} G4 428 Ho|EE VEHE ZAst9rh

o2t e 2 A de] Avbe 2 Axet o
2 T @49 in-space 9J9Fo] BEHoA A Q5= B
29| b AES p-3t iAo AFe FQlch E AP R} Tz &
o]Ao] Adotd, in—time YA M A2 AEE FF Eo]E7toR o]
of B dAfo] 94Ad] ¥R =] FHstaeh olHe A

e Al F& shte] mojzejlez F3

4. FE A

si7h Ao AW Ago

Ado] dord] AFAe] WEI 1% A1 AT, AL A7) A4
Y A% T obed 197h H6, oluie Aupt $ds) 4e B AR
TETE 2
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T 7 AA kg F1 ZE AAE oA A8 AE 5] 20082
W AH) AmE ot AT AFE Al e F, 12 7k Al o] Fe] A
ARl Axpt A71=AS glsieh A FAT Raet AFel s
Axprh vehta] gotof shml, a¥4E A A AHeA BEE @udl

sido] o A5ee et

o - o =1
5 HAE 29 dodoe=z mdstaot. AAl AAT 4 AAY 27171 o] o
o] YH-QlHo A DA {AE=2E HH, Y T HeEHE=AE &

F k. EBA, dIEAF gigE Apolrh diEAt Fa(
StAY ARE AFrlele Ane] W fR7F §AE=A Zelshieh
AP RMSPEZL #HeshA] oFlshe ARRe HAaloA] A|9fsty], §2]7t 7Fa?t
910 At WACA ko] Aol fAHEEAE Btk B4 IS5
T2 Z4AI (el 2008—-2011 th4l 2007-2010)% BHY Ho=24 ARd HA4 A
Ho] gof whao] qiztolz] oFex] gelg AF o]t}

AR, 717F HieE Aol AR7|17HE SHE- AT oR U
Stal o]EHW  1995-2005 Shy, 2006-2011 #HE, AF FoM=
RMSPE7} @2 VE Agste® AT AZo|t. U4, JF =
712 At A ALPE Iy o

f % 1=
of. mg Folm Ame] Wipgel fAHtw 2uon et sue wol

I



MR 9FeS AN Zloldh WiE mF Al @4 AHel A4
2 Vsl Beleod A Amowel Qo] glonz FAv
ARpe] Ae 2AZ thAl FEsknA Tk,

HEHIFe] 2 EUE shiy Ade oA BE G4 ARES
oz BAY Agolct, fede] Fo] AN FrhH FH T4
| ok ojuloleh, Al ARbelA AA - gHAel 8717t el o)
A7 A AR oo A =

)
iy
I
lo

X
N
rh

o
iro of

lo o & & o &
o 2 I ox %

A717Fe 1995-2007, AR 7|72 2008-20112 AHAHEHIL o] F7HS
SAoA AJStnA Fek. BIOF o] sbat AF olFel 17 30 fARE AA
2 277} trehdehe A7 AEle SAde oldsor @ Rolth A% A%
b 0de FHOE A0 WEL Holnl, A BAHNAE TG FF
e 948 itk AR A% AEQ012) olFe] WA B7)7h 4
At Fo] Wt SiAS AXSHE Zolek. Az Sloke B iokt ME
0E Zold 2o FRe shst gAn

a4 Aol ARL thgu 2ol 2oFd 4 Utk AA), LOO Helo] %
T yggel BEE W GH THL 53 Euvd] A9Ex gk B4, o
24717 tietel A Akl 719 el RAEE U2 Aol i W
7b vk A, QR EF AFOIA WAl GAHA 2Bow Sz} A
g 2EHom wRx Qrt
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A 4% 24 Az

v =

A1d A Ag A%

L& AFA 4 =Y 7153

SCM 74 43t &4 AFAIE Aok EY 7HEA(W)7F AFEE Sl
AAR257N =Y &9 5 AEH 72w > 0.0DE Fojie &9= 5=
U 2] 2070 F0) B & Foll 7M. ol SCME] &5 ZAg Ao

V219l 3|44 (sparsity) S FEoh= APA miglo|ck(Abadie, 2021).

(E 4-1D A AFA9 =Y 7HA(W)

<=4 Ty o HeAw) | 38 7HA =

1 BAE FFA 0.430 0.430 FAEA, AF-AH|A Bt

2 A BaxA] 0.160 0.590 ZAEA, AHAYg FA

3 e LA 0.155 0.745 EA, Axd S4

4 M5 ZAAA 0.055 0.800 AR, FE-AHIA TG

5 A =HA 0.015 0.815 ZALA, AHIAY F4
6-25 | 71et 2070 & 0.185 1.000 A 7F521< 0.01

A9 270 = (EFA 0.430, H2A] 0.160)2] &4F HlFo] 0.5900=2

Al ok 59%2 AT GFEAE ALBEO] FAEAR A7 oHOT

Az-AEA BE HQTEE A6, A7) CBR AHe] 13A9 &
A S st Mde molth BmAL dehdnel FARAR A o
200 W, AElAq FA0 AYTEE AT FYA0.155% Adel g
A Q- Fre AFARTG AW, Az 7] AdrzoA A4l
otk o] Al wAl9] Zgto] AFA|L] A WAL AP & AR Ao

= e



7HeAe] Aeks suE-4t A(HHDR B7hskd, HHI = 2wy
= 0430 + 0.160° + 0.155 + .. = 0.24°]t}. ol F &0 AT
E2, 9 Ry e ek ofEL ofyu A HFe] JiHoR
At ofefl HSLOO FAGH4)ANA FFAE Al &g A= g
& HEE Hdad

Ty REA e el e WHEEY dAEs FUIR =Rttt A9l
Tuo] gt 7HEA7E 0.815=, YA 20709 fH0.185)ET Ao
At} o= SCMe| &5 A Al°fe] SJirde fEdhe A9 FxtelH,
4 @919l slY The e wolFe Gl lth(Abadie, 2021). 391 U
o) Ao RS B, AR(IFAD, AHEEA, 34, B, A

i R BRSO [¢]
BEEAAN R A=Hor FAE Qlof, B4 Y Axe] 35 8 9
=

filo
Hir

Am

3 W& ool Wk A9 e 1EA0430)= AT RSO
QA (133w EY AAT, CBRO] 818 g8t wdo] 71 §Ately] mE
olm, FAA0.155% 97 FES} AgLzo|Me] GAo] Flodgt Ao

sk,

2. A=A 39

==

(B 4-2) A5A 249 HV 7FAAR7IZ)

& AFA 2 AFA AL gl o3 V 753
X ) (XoW) B (%)

1 (3H) 33.36 33.76 25.02 1.2% 0.091
=4E(%) 8.609 5.794 9.237 — 0.441
& (%) 6.323 5.950 5.469 5.9% 0.048
AR/ <) 286.3 288.6 303.5 0.8% 0.032
AAA(%0) 36.05 35.32 40.01 2.0% 0.083
HERS (%) 36.83 37.61 36.47 2.1% 0.041
EAA N (%) 28.64 29.07 30.64 1.5% 0.008

A2 (k) 48.52 44.25 52.40 8.8% 0.013
7194414(%) 0.085 0.085 0.081 0.0% 0.002
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dzzt 49 AFE Bd, A4 W AT 22H.2%), ARt

(2.0%), AEA52.1%), d4H0.8%)olA ¢ Fogt dgo] A=At V
NEA e EAAE0.441)0] 7 21, 150.091), HAA=(0.083), &I
£(0.048)0] FE ottt EREAV 7HEA7 7MY & A2 Aatso] AHA
T o]l AR AR A P E HEE AFS] d'old, ole

SCMoflA LHE=

20
7VEA7F AL AL o] HSE AEW &

2(0.013)3% 7]4A14=(0.002) 2V

ARE 54 Wl

o ?;
HU
rJ
(i
i)
rr
£
rm,
e
_r;

rr rR

3. A4 Ade Ags

APAZ17R(1995-201 D)l A AA] HFAleh 4 A9 2E4
Hlast, =3t 7127] BEolA Faet HHe] A
19959 15.261%°14 20119 8.659%° & 5t2}s}
U SHF HHer ArE Add

a8 4-1) HFAvs. @A AFA] 22485 #A13(1995-2023)

e BFAEH) B TR ALY
.

T T T T T T T T T T T T T T —TT T T T T T T r T T T T T ]
95 9% 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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(F 4-3) AFA7|17F 98 Az o] CBR HW

ik ZFACBR B AFA A7
(%) CBR (%) (%p)

1995 15.261 15.08 +0.18
1997 13.443 13.21 +0.23
2000 12.480 12.55 —0.07
2003 9.638 9.82 —0.18
2005 8.128 8.35 —0.22
2008 8.644 8.51 +0.13
2011 8.659 8.72 —0.06

A MSPE(LOSS V)&= 0.1589¢]9, o] RMSPEZ Zhatslwl <oF (.39
9%poltt. ol AZIZtlA AA AHT 4 AAe BHH st of
0.4%pell EeHE onlgtty. &7 ©AS] MSPE(0.4784)l4 & 29
MSPE(0.1589)& <F 67% 7HAE|gon, ol V-W o] s/} ando

AEotaaS AARITE AP kel ACFE AAS 23t 12k A8
(lag—l)% oF 0152 SAHoR fofulata] gfskow, AAA FA=

A et

A Ao AL SFER Beste] AL FohE FAsHc A

A717+s AEH1995-2003)7 $HH2004-2011)C2 o] ZF #3719
RMSPES H|wahd, Huk RMSPE(SF 0.45)9F $HF RMSPE(SF 0.35)=, Fut
ol Aol tha MAEE FHS HQlh ol& 20049 o] SAES ¥WF
KMol ZhastAA o thelete] Aol ot ZxFx Atz sjHEc =
T7te] RMSPE Zpol7} HpEshx] groB = (Mg of 1.38)), 54 ? to] mA
S(overfitting) > Wty moEHT AR ZRRRO] A|A|EE WESHH
19971998 (IMF 917DllA efzte] F(+) 7zt 2002 - 2003@0111 oFzte]

(=) 2E BEEY, ol A=A FA diet AFAe o4 2o v



Al BEg ztolE dhdet Ao AAA FAR|ET gAY MlEos |
Zo] etgatt.

AR A 24 Aitg TEHoE BristA ohat Zth MSPE
0.1589(RMSPE 0.399)&= CBRO] ARA7IZF Hw(SF 10%) thH] 2F 4%l df
Fot= Folth ol SCM EdoA dogh A a Friw= Hed &
5te, Abadie 5(2010)9] Ze|xzUo} G2 AUt Abadie 5(2015)9] =
A Y At Hlas= A Qe sEolth V 7S olA E4E0.441)
T £91-8(0.048)0] FAF 0.489F OF 49 A}A|St= AL, Q1eHa] W4T}
A AF el A A AT otal a2 HolErh ol oA
Qlo] ZAte] Ao] W4d AAzxACR Z83tte A W (Ee] ZA

° b ge|d At & 5 9l
H o2 Zoh Q19H(33.36%F v,
2 W D9 AFAIL} FARE RO
A 2§02 TALNSS ottt AAAS(36.05 vs. 35.32)9 MEAS
(36.83 vs. 37.61)°] THE EJt FSste, QlFolEol mjElo] [FAfsHA uhA
5982 o 4 gt ofl4H286.3 vs. 288.60)9 THEL YA oo A4
S FErAE, EXAH28.64 vs. 29.07)9] ZHEE BEA %] SEA
o] FAISH] MAHASS HoZEh V 7IEA7} & Wa(EAE, oOF, A
DA dgol Fssta, V 7tEA7E W2 BigoAe Fels AA H3E
€ A XA g Fxo|th

A Agre] AZEE Wt ME o #HHe Fio] FlHEth 19959 <oF
15%1 A4 Z&&ste] 20008t 25712 F436] stefata, o]% ehtsiA i
St miglo] AA HFALL 4 AFA BFoA Fdst
2008-20114d9] Az A 449 5t F A
2, A2 AH] FEI FAVE AT onjst, o] AREI|To|A T

+ 2717F B3 53] A5 7hsA
W IMF $7] HelA o A& B5F stgo] 7p&EstEE 527
, B 7 AXNA SA dig sheolAE AA T@elet fARGE

rr

Z ol

ﬂrl

‘l'rr‘
)
(@)]
S
filo
rE
of
ol

IL.

2
o
M,
1o
e
I

ol
ol
X,
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CBRO] A= ZARH(r, = Y_HF¢ -
F(+)] AL AA AT EYF

ojulsir], ol HAo] ZHES AHHOR ¥ w2 AL

AFE 7]17H2012-2023)0l14 A % %Al CBR} g4 AFA]
¥ 3
]

(E 4-4) M52 d=E A2K(7)

S AFA 8 AFA Azt 7, T3t
CBR(%) CBR(%) (%p)
2012 8.497 8.52 —0.02 W0
2013 7.891 7.81 +0.08 W0
2014 7.642 7.23 +0.41 W1
2015 7.385 6.89 +0.50 W1
2016 7.012 6.54 +0.47 W1
2017 6.734 6.21 +0.52 W1
2018 6.312 5.89 +0.42 W2
2019 5.987 5.57 +0.42 W2
2020 5.421 5.13 +0.29 W2
2021 5.102 4.81 +0.29 W3
2022 4,756 4.43 +0.33 W3
2023 4.412 4.08 +0.33 W3
A A7e] AALE P, 27] vlok-%7] Ff—F7] A9
Hdo] FEistet. 201240l AXPE-0.02%p= 7 J00]™, 2013dl=



+0.08%p= TSIt} of oAED AT W Aw ko] 24 v
go] E4F WS A= 27] 24719 A4S vrddth 201497 H A
A7H0.41%p2 B2 v, 2015-20179]+0.47~0.52%p2] quw
Vg & anrt A o] Ak FHEge BAs) shi-HeAH] g
F, ol 71 FARARS] Azfo] ZRA|etE = A7 SRt

(a9 4-2) AF7F d=E AR (7Y

wo 84 w1 =f w2 8% w3 obd

0.6

A% (@ege)

-0.1

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

2018-20209 FA7]olE AA7L +0.29~0.42%p2 GA=HW, avte] A
A 7= F7IEY tha FAskAR, (e HFdL A&H 2021 -
2023@0= +0.29~0.33%p=, COVID-19 My o] A=A oJgFo|r &5}

I AR GA =D Qlry, AAHoR "GP (W) — SFH(WD) — FA(W2-
W3)'el A7t migo] Elm, oli= A27F A3HAA FES AAA 7t
Ayt Azt

A Aol Mg Hrt AJAls] sfAlstd ohat Zoh 349712012 -
2013)llA Axp7E AL] 0% olf= Al 7HX= Ay ek AA, 7|3 o]d =
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7ol ol A9 gHilolF Hgo] ol /= Bk AT obd o|RelA|A
ISk, A, FETFe] BASEY) Holma FAN A5 dele] BA-EA
24g Bedon WEAe & ot AR, Aze AR e 48 v,
= sha Wig-olmo|w WAALelE YESID TEo] M2 Rl 24t 2%
2 AANZAL TF5Aol et

4712014 - 201704 A2F7F +0.41~0.52%p2 2235] Sf== ofAr
2 o3t Zo] sidHnh AR, FHEFe] AE yrdolrh. 2013-201640
R oftE ©@x]o] FFI YFIt o] T WA, FEHL 1/3~1/2 F
o FEZHAcR Yi A F2 FAZ Mozt B4, AES0Ce 7HAIE

St 7Hurb ARG, g} o8 Qlimat

l

L
.,
B
olr
p:
El
N
[
o
N ofy
2
of B or

7} S&E9oh A, 7% SHE o]Fo] Zrtolth. LH 5 Wid 7|#e] Azt
o] tASIEHA 715 FHF o]Fgo] EokTh o] Al J‘?L?_]O] 2qHoz
|3t A3 A A=, SOC H=, ols A=7t FAl E43td Aoz sy
ot

2018 -202394] AA7t A2 ZAASHAALE SAHE JAS = 714 Q@

o] gorgoz AyHch A, 7|H&THbase effect)oltt. @A7]A]
CBR9] /g-q]xq M—Ao] o]u] HU\HO].oﬂou_;-E z7]_14 @-/34 0;11]7]_ 7\1]3}%5}.
A, A=A 24 A 7Sttt 20209 gh=ro] TFRS 0.84=2 AMY

A A
HAE Z15stded, ol AAME FAe AFAdE &= vt o
= ors

4 WA Bt s FAl9 s HonE, Axpt FHLR #Ad
e A2 AFAe] oF= iEﬂ &7 Whabdel wls) el e ofwlet
o 7871614 COVID-199] 37 &Kok Azt 24 d2 B4 a5zt

7} 22H Szold WASES 1S AR,
tgoz A% avte] AAH-AMY fo4e Boehd Tt 2ok A

A WP A%} +0.34%p7t AFA CBRAJA AASHe mEe Assid, A1
717v W CBR(SF 6.4%) di¥] oF 5.3%0] sjggtct. ol SALA] Ho]

7t
AFA 0] EAES T WA ] oF 5% Bol2HULS ojudt A 2
10.34%p) AL Zob B 4 glonk, ARA 2AEN FA] SolA Ao
G20 AHo] o] o] FHjH ol WSt A AAHOR o)

N
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7}t E5] 7] 7o) Hd AxH+0.48%p)= CBR thH] <F 7%l sf
Fsted, o] A7l A it s TASAEE HolEr

Aok W=l ol Ao ojulE sidstd thgdt ot WA
AT(F 347 W)l 0.34%pe] CBR Aol& HEshd <Az oF 116%(=
340,000 % 0.34/1,00009] F7t &4 sfigstH, 129 FHo 2= oF 1,390

H(= 340,000 x 4.04/1,000)¢] F7} 2oz FAHHAL, o] 3= YA
A o1 A2 FAR oF 10,0008 7% FAI 4 2ol Aol A
9 TS UL AL ARG Th o] FRAE B ALY 3
o] 7zg grolni, UA BAot 4o F4v AY HwF el @
AU QT 74 W8k 59 9L W wEg Wast ek EG avel
20 Tge wiAARe] BAst AdT Adste] S4T & ek G471
Aol mleRgh mite 1§ Aol 7o) BASENLS Axfstel, 23]
oie] FAG mH b FA ARG dF 248, SOC AR(SHEH
A4 B3, o5 AZ0IE B4 oF F/h7} Bgdon aYSE A
2 A4t fAsl0Ae] 4% AaE 27 54 @ g WOz,

et o e @ao] z&Ao] oigh siAE dols Fart Sk WloA
FAE S AT W2-W3oA FAHUAE 4% Facks HEle &
7Rz SiAT 4 Qlrh. Yk sidode A gyt FxA o s YiA)etE
o] COVID-199} &2 o FAox 276k FAHL oty £t §hA
HA SiAo M= g7 vyt 7] A o't AAIA Adseld,
A2 7IAaw £ 7= Aol Bt F o §4e RS
Hoh 71 ARe7]zEe] HolE7} M Eojof st o]= 2024| ]9
o &5 A2 tFRold Fart it

el

:clzg
)
mlo rr o

4y
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(E 4-5) 778 BF A%

T3k 713k dr £ | B A% | BEEHA el 4% el g
(%p)

A7) 2012-201 2 +0.03 0.07 —0.02 +0.08
3

7] 2014-201 4 +0.48 0.05 +0.41 +0.52
7

271 2018-202 3 +0.38 0.08 +0.29 +0.42
0

o4 7] 2021-202 3 +0.32 0.02 +0.29 +0.33
3

A 2012-202 12 +0.34 0.17 —0.02 +0.52
3

T7HE B A= FA471(+0.03%p) < EF71(+0.48%p) > FA7
(+0.38%0p) > H871(+0.32%p) o] e Kk SHF7]olA 71 & &7t
UL o] JHHo=m ZhAotE] F(+)] WaFdol fAHnh AL

q4714 717 A

Aol Wt AX=+0.34%polH, ol AFA2CBRe] 9/ WAk oiH] 413
- °F0.34%p =UEE AUttt AS A JleSAE B, H5gh-

0.02(2012) IAHE1+0.29, S4F+0.38, B#+0.34, 3AHES]+0.47, gk

+0.5201ck, FYgH Wgol BE GF(eolnl, 12 A= F 1R Amel
Fo] A%} A
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A d=d Az} ¥4 A% G
(%op) &
2012 —0.02 —0.02 3471 AMH
2013 +0.08 +0.06
2014 +0.41 +0.47 7] Al
2015 +0.50 +0.97
2016 +0.47 +1.44
2017 +0.52 +1.96
2018 +0.42 +2.38 2171 A2
2019 +0.42 +2.80
2020 +0.29 +3.09
2021 +0.29 +3.38 et A2
2022 +0.33 +3.71
2023 +0.33 +4.04 2E
2 Az A7kl what BE 27120139 o]F)ste] 20231 0]+4.04%p:
dof gt ol 12d AR ZIF AFAE G4 v o] wdZom

°F4.04%p A0 F714 2AES AANUSS ugth. A Az F7t

408 FER HE J47]2)41+0.06, FF7](4d)A4+1.90, FA17]
GBE)olA+1.13, FAZI(3W)A+0.952, WiolA 7F4 w27 2]l
o] e 7] Al7]o] B4 wIrt P ESHAl Aot AlAkehH,

7]~ 7| E Tt ASHOR FHHT UeS HolFrh
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00 of 13908 27} E4Y A
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

RS A o] gA7|o|A AlZtste] 2T)eF {2715 AU QEF 7]
TEcte A F2E Ho d471(2012-2013)o4 237 79 04
2, 713 o] %719 A& H-&(O]AL, T AEiA, 22| H2P)o] E4t
S Agstr] wlZolth &47](2014-2017)4 a7t 22435 o=
2, THTEY AE vIQIsT7toNA 2y, oA E3 T JFo] A
), g SOCY 7ME(EM-BEHAAE &%), o] 7|8 TAREY]

2H71HE FHE o]F F7he] BEgHozs gt Ants fAHT

2]171(2018-2020)o| A &1}7 } AZ A4S fAEE A2, 27| 879
A5 Al 2-g9t Axtolnt,
A71(2021-2023)°l4 COVID-19 5 <A
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Y
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FAolE BISI F(+)e|
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T2 SIoF AR 257 B 7 BelE Mo} JHE X Bl

st FARE SCM 245 WHESELL, ARS/ARd RMSPE Hle<=
ArtstaAt. AR RMSPEZF Z1A19] 28 S Zfshe @9I(F57NE
IOA A QIR &, o207 @O Hl& FEoA AFAY] AE
stelshglct
(ZE 4-7) RMSPE H|-& Ex Q°F
249 &3 RMSPE H|-& =9 H| 3
9
519125% 0.8 - 1.2 5 AbE wist bl
%$150% 1.2 - 25 10 HE Sxo| 8%
A¥9125% 2.5 - 5.0 4 2 A% Wit
AFA ¥l me 1 BE A9 2
A 21 (A2 eh) — 5 AFARMSPE > AFx2

. =% 719t p-%k

ZFA19] RMSPE Hl-go] 2z o] /F9lol §1=|5hH, Ale] = oF 2074
o9l F AFAET =2 HES Kol Te7t 0-170olch. <=9 7|4t

2 p = (1 + #{Ratio_j > Ratio_ FF}) / (1 + #{g2 &H}) = 1/21
=~ 0.048(AFA7F FA9IQ A9 E= 2/21 = 0.095(170 S9)7F HFA]
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olAel AR AEHLH 7B AL p = 0.048F, 5% Jo|5FoA

06
05
0.4

03

0.0

-0.1

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

(1Y 4-F FHRE 3 59 o]d s|7el RE AHo] 02 FAO
2 F7 2ol glolok @tk @Ael 2 o Al AHS B H%é‘iﬂrtﬂ A
A ARE 00 7bg7] dhRolct, AAE REe 84 Ay AFA Fe
A AFZZE U 0 Rel s glo] FAe] A Agel Autaom

= Hol Erh Aol AA k9] olFo] urhdt. AFAS] A2 AA

Y

¥
Ae AdAA S8 AEe] Bel gmos Feshl delut A%
o] Jelo] MBL Wk, ofrhs Wl Ao M He £ olF= 0
AN ZA HolhA gtk F SAMORL ARAT G ARt FAY
BFEolx7] etk Abdlo] Deld GHeo] Selvith thi A% 84 e
AR 04 2 el ol 1 Aol G4 2 AR} bt
Axe] 2718 A olele FSoleth. old@ Wk Fole 44 ulae
A Wze] F1EoR A elsher



(F 4-8) A& 718 p-4

A 71+ AT AFA =4 p-#
APARMSPE > Z5x2 A9 ~20 1-29] 0.048-0.095
APARMSPE > ZFXx5 A9 ~23 1-29] 0.042-0.083

Al fla(dAlD) 25 1-39] 0.038-0.115

o] 7%e WAsIHe
Byol F)zo4 10% §ol%

o8] WA BEo] Wk AL AAEIT,

(1% 4-5) RMSPE H]-& B3 (AF&/AFA)

p~#2 0.04-0.12°] WA Fg#olH, o
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3. AIZE f1oF A3H2008d 7H# A A)

AAAEE 200802 o]Fste] A|7F 9JoF AHL
2 1995-2007, AFE7|7He 2008-20112 AEAsta
=]

Bt}

(E 4-9) ARt floF A 22 1=2008)

Ar A2 %p) ek
2008 +0.12 kgt oF(+)
2009 —0.08 oFet ()
2010 +0.05 0 %
2011 —0.15 okgl 2(=)
Bt —0.02 E=

b AXAE(008) ol F0] A0S FHOR AE WG] AA
FHL FAA Gk M) A= BF AR —0.02%pR0°] .
LA ANPEQ012) olFe] TAE AAH FH) BI)(FF+034%
o} qizAoln], 20124 ol o] mArt AW AW Ak Aojeks 4
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(exchangeability)o] €HHsHA] SZHthal B7= offu. =Y ©els2 At

of R Aed E4S 2] ue], Axe] Al g e oA
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1. LOO Z3

A9 YA =Y S/E 242 A9t LOO =4 23, P44 A4 ¥iE
HAMHD = AFA7IZoA o FI(£0.2%p), AFF 71X E Bl &
S(£0.5%p) WA= GASFA.

EP

_93_



(¥ 4-7) LOO(Leave—One—-Out) A4 £A

712(50) SFA A2 SEA A2 HHUA A2 AL A 2| EHAl A2

(Z 4-10) LOO &4 ZAx}

LOO AfoF A =4 AFARMSPE ALE Bzt TF A4
il A3}
LOO-1 FFA1(0.430) 0.399—0.52 0.34—0.28 F2(O)
LOO-2 =22](0.160) 0.399—0.45 0.34—0.31 (@)
LOO-3 ZFUA0.155) 0.399—0.44 0.34—0.36 (@)
LOO-4 AAA1(0.055) 0.399—0.41 0.34—0.33 (@)
LOO-5 <A A](0.015) 0.399—0.40 0.34—0.34 s (®))
7}

FAE AQshH AP RMSPEZF 0.399911410.52
AT +0.34904 +0.282 ZAsHA|qE 9F(+)<]
FFe2 AU 2 Yo Al Ao ®st ¢ ZowA RE
LOO AteFellA mate] wafo] HERDR Al EA Tyd dstA <
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2. 57 dick ArF 2

FE 4-11) 52 Ok A At

ArF q&z 14 A AE B ek
RMSPE A ZH(%p)

SO(7] ) 97]+SP477t 0.399 +0.34 F+)
s 67l A1 +SP477E 0.48 +0.31 F(+)
s2 97]+SP377t 0.42 +0.35 F(+)
3 97H+SP5L7F 0.41 +0.33 F(+)
4 97+ 7 AT 47N 0.45 +0.30 F(+)

RE ot AgelA (0] B At KA, 2715 +0.30~0.35%p
HSlolA QPgEolgleh, A RMSPER 718 ARKSOSIA 71 W, wjh
ool tha F7koht sfdo] G md $2L ohick.

(O™ 4-8) ASAF dioh AFFE AR o Az vl

+0.30 ~ +0.35 HYYOIAf 2T

S0 s1 $2 s3 sS4
o] (67}+5P4) (97H+5P3) (974+SP5) ofeEs)

_95_



F 9% 74 4% 72 A RERES
RMSPE A2 %op)
712 1995-2005 2006-2011 0.399 +0.34
TiQTA 1995-2003 2004-2011 0.43 +0.32
QB 1995-2007 2008-2011 0.38 +0.36

Sl5-7% B 029 WAL AT B AAH=+032~036%pE A
#o]lr}.
4. A7 ZF 4G A3t
G 4-13) A EZ/AY] AF At
AFoF Ty = A RMSPE AZ B AxH%op) A3}

712 (ERAD 1 57K 0.399 +0.34 HES
A2l

55 (€2201)) 1 574 0.42 +0.28 1 0.06
et

QY W9AE EFHA AF W AAE +03400440.282 Fashlr

A B97E G 2BeME Wob Ty fEPol WFA oz B
Az SpHE Tt e PP fAHDE, 2Boust 2
1 =

2HoR wRAL grt 1B KA WA H4H 23

1o Wi

e

B

ofl nmu rlo rr

shoha gostor,

2
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5. 8734 F oA

(F4-14) AN 55 34

45 = E=El} kg
LOO S A B 3 R 31O)
(+0.28~0.36)
A&zt it ST AN BT SR 74 #7(0)
(+0.30~0.35)
717t ot 3N AN B S /A #7(0)
(+0.32~0.36)
a9 = e §2(+0.28) EalVAy)
7] &= T4
=3} 4= nT ek Ay gl
i I v = g O

oA AN A48 = 7k Wl Al S LOO, dIEA tigk, 71zt dieh p#t
AL71E — oA el FFH 27 A or fAEH. A E A
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Ay $85 FREUGD WU S+ ek

+0.34°)4 +0.28

guo] gt 94 Sze] ojzo] =

olmgict, of|Z2F Tiot AfFolAE &Ite] Z7|7F +0.30~0.35 L]0l A]
Ao AZAF Fool IAFEHA] AhS AAF

(conservative) AAES Zre=th= A, & AA| G371 7|2 ARFoA F=AHE &

7} 34 %9 ANE EF o PAHCE S Bt 2ok LOO £
HolH GFEAE AARAS W BIPL 18% BAGH0.34 — +0.29F AL,
GFA] A AHo] WEA F2e] GAtel TA THIA AYH 4T
2 B3 Qg WAT IFA AT FY S A Ho] ot
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A58 F71 B4

1. TFR dA1Z23 |
A EAS(TFR)S AR JISCM BAS 43151e], CBRoJA #z=
a4 aIHEA A7) o] fehe |elst=R], A-AH E4F P

o] MalelAE LR,

(& 4-15) CBR vs. TFR H|1

R R At AHE B | 3471 2371 A7 871
RMSPE Az}

CBR(7]42) 0.399 | +0.34%p +0.03 +0.48 +0.38 +0.32

TER (A 0.052 +0.0473 +0.01 +0.06 +0.04 +0.03

ANME=CBRY} FLt e (F+H) el anzt geldnt. TFRO| A}

_4

U 215t
5 BF AREH0045(CIH1AT F7b Faeln, 27 (+0.00N 71
231 A4 Q] H 4% ashe WElo|CBRI AXqth o)
A2 w24 A%7) A7 el ofgk T4 wabgre] opel, 4AH

24t g5 WL F@—% AAFGHEE, ot TFRO] AFARMSPE(0.052)+=
CBR(0.399)Hc}t H A7 thu] Ao 3m, 472 ©9lo TFR #
SAo] Hrode Avfol2g TFR ZAiE CBR AT HXZ wal 3felog
o] Agtof A5t Hiit}.
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(138 4-10) CBR vs. TFR Ft7+d &3} v
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2. FAEIN-FH AT 29

CBRO] Hisl= £4 @7 (composition effect)?t P& & 7H(behavioral
effect) 2 FolE 4 ot A Bt SAF AP71(25-39A4) 44 I+ HF
o] W3sle] 7]Qlsk= CBR W&Eolx, FH aite A9 E4H&(ASFR) AHA|
o W3to] 7]Qlsk= CBR ®Wgolth. F4EAl /iR A2 57 fd=d
T4 at FH+oer ZAgstal, 1§ H-FA JHH-SOC FFor E4F

Aol ZX =W Yo afrt F(+) o=z gttt
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(E 4-16) B -PHa Y} Eof

a7 49 73 9y oA T SCM Z=}ete] A
74 At AP 7] 944 HlE F(+) CBR &vto] dx
wslo] 9JQFCBR W% (olF A=)
e mt ASFR #1g}o &) TFR &2 ¢
©]3CBR H% (218-F7-S0C A=)
A T3+ YH] F(+) CBR #A| &3}

TFRE AgFZE BACIE=Z P& arhs gteddttt, CBR &3H(+0.3
4%p)2t TFR &IH+0.04%)7F 5T F(+)olgt= AL oF

= a
Sola glee AN Tt Agd BalE dadL Add A7 7z
A

dEE SME(ASFR)= sz oF 371 B4 A7 ave] dgd
olEd= HAY 4 drk. mdsl 4] on] Ao wEm, AR A9k
25-20A19F 30344114 71 I, AR 271 30-34A004 At
H G, 353941014 F71 ol F(H)e] Sl= ATt W 20-24A14 =
ol =dAsAH. ole & A AP 4 FA-18 FHef =
A 2

(F 4-17) <AHHEASFR EA(AH] Ax})

agg | AR A | AT 27 99 A4
20-244] 24 294 24 Wz AAT A
25297 A7 SRR F(H) AR 24 T
30-344] A7 Qe F() A4 wd M 5
35-304] e 371 ol% %) I} EAAD B4
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30-34M114 &7 7 T35 AL, FALAIR o]HgH FF )T FAY
Z+o] Wt dA=o]30 401'41011 AZEo] 9lor, o] AFdoA FA ok}t 11
£ otHo] Z4t AA o 71t ZHAH S Ax7] 7o 7 sfAHct. 35-39

2 A9 2AEYE FdehH o= Zoh AA, AP Ad-2RMSPE
0.399= F2stH, FFA1(0.430), =2EA(0.160), FHA(0.155) 5570 =17}
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+0.32)9] AIZHH miglE Holn|, XA B AX=
+o.34%apolu}. *JJZZH, a7 AFellMp = 0.04825% FF=oA THAH 24
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LOO, 5271703 diehe] A8 HFolA axto] wake] dw=A f
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e dolMe AEA A4 aipt 2 AARITE of2igh Aite] A
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(RMSPE 0.399)¢] ¥Zotil AR EIH(E+0.34%p)7t FAdolA S 72
o] NZHA FxE Holn FIF Yok(p <F0.048)TF A|ZF fIeF(HIET]) A =
AF ool AR S 9 A HSANA W] didol gelE]
Aot TFR BE4AME T WFel a7t gelsle] 4 a3E dolA+
AR ZA qaupzp ZAghe] AJAE L,
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1. 89F

2 A7 F 7 9FEES Ak, 24EYE Edz O Ee A
dz gelshd oha 2.

ATFAE 12 35718 oA o|F AFA|S 2E3EC] oF AA e
Hol=rtgleh. E4ZT, AR 7]ZH2012-2023)9] Hdt Axte d W 0.34
golglen, 127 A= 7k 117] dkold 4o A= eyt ave
4714 9 0.039)1A mleFsiert 2Hg71(0.48%)e Aol o1& H, &
A71(0.38%)2F &47871(0.327)0ll4 L4F oz FgHes dAF Hde
Hoh ol A awt 7 yshr|Eg FH 34, 427N 8,

hE gl o] AZFE £ FAEe] sASEE B ATl AzAd

re

TAE 2= PEE AR} $4lo] ohe} 3
= amelsbart B2k SloF Aol AFA] Axpe W Ao shed 7
4 EEAATEY I pr0048), AA] AEE AW Aoz $7 Az
SloF AN AAA AR edA] ghelth Eg MR AGe sy
Aolgt BT o EAAZQ Ao PAL v A4 BAHE Rt
W 3717 SAHAT olwA BEE R} o] 4B e
o oz peke,

20239 dAIEAHE 0.722F= A4 9171 dolA b= ARel7h Zotof &
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Mg SOC ZAZ2o tdl, Bauernschuster, Hener, Rainer(2016)+= =Y9]
HHEAd HE TQlo] E4H&2 Qo s =952 Ho591, Rindfuss &

(2010)2 k2doldA He 5 o7t Sis FoulshAl S7HRHL

Bastloh, 2F HAZAA 2014-201610] Stu-BEgAHo] SFH A
Hap g7|ofA el @ givt A7]Fes dAske AL, ol AT wA
I Ad3ETh i A Eo(Anne H. Gauthier, 2007)7F Zx3gF ‘A7 A
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ABSTRACT

Evaluating the Causal Effect of Public
Institution Relocation on Fertility Rates in Jinju:
A Synthetic Control Method Approach

Park, Sul Yong

Major in Public Administration
Dept. of Public Administration
The Graduate School

Hansung University

In 2024, the Republic of Korea recorded a total fertility rate (TFR)
of 0.72, the lowest ever observed among OECD member countries,
marking an unprecedented stage of ultra-low fertility. Amid this
demographic crisis, several non—capital regional cities have shown signs of
partial fertility recovery, among which Jinju City in Gyeongsangnam—do
represents a particularly noteworthy case. Since 2012, Jinju has
accommodated eleven relocated public institutions—including  the
headquarters of the Korea Land and Housing Corporation (LH)—and
approximately 22,000 employees through the implementation of the
national Innovation City project and the relocation of public institutions
from the Seoul metropolitan area. This intervention constitutes the largest

policy—induced growth shock imposed on a single city in the sixty—year
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history of Korea’s balanced regional development policy. Against this
quasi—natural experimental setting, the present study seeks to identify the
causal effect of public institution relocation on local birth rates in Jinju.
Previous studies on the effects of Korea’s Innovation Cities have largely
focused on quantitative economic outcomes, such as Gross Regional
Domestic Product (GRDP), local tax revenues, and employment.
Comparatively little attention has been devoted to demographic outcomes,
particularly fertility and birth rates. Existing analyses of population
reproduction have primarily relied on the Difference—in—Differences (DID)
framework. However, DID is subject to several well-known limitations,
including the unverifiability of the parallel trends assumption, estimator
bias arising from treatment timing heterogeneity (Goodman-Bacon, 2021),
and the tendency for average treatment effect estimates to dilute the
impact of the most intensively treated case. In the context of Innovation
Cities, the substantial treatment effect experienced by Jinju may therefore
be obscured by the weaker effects observed in the remaining nine
Innovation Cities.

This study employs the Synthetic Control Method (SCM) to overcome
these limitations. The crude birth rate (CBR) and total fertility rate (TFR)
of Jinju were selected as outcome variables, and the treatment year was
defined as 2012. The donor pool consisted of twenty—five
non—metropolitan cities and counties located in Chungbuk, Chungnam,
Jeonbuk, Jeonnam, Gyeongbuk, and Gyeongnam Provinces. Four
municipalities adjacent to Jinju (Sacheon, Sancheong, Hadong, and
Goseong) were excluded to prevent spatial spillover effects, while the
municipalities hosting the other nine Innovation Cities were excluded to
eliminate treatment contamination. Covariates used to construct Synthetic
Jinju were grouped into three dimensions: demographic factors

(population, marriage rate, in—migration, and out—migration), economic
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factors (number of business establishments and land transactions), and
structural characteristics of local governments (administrative area and
local government budget).

The analysis proceeded in two stages. First, donor weights were
optimized using seventeen years of pre—treatment data (1995-2011).
Second, treatment effects were estimated wusing twelve years of
post—treatment data (2012-2023). To examine the temporal dynamics of
policy impacts, the post—treatment period was further divided into four
phases: the Formation Phase (2012-2013), Expansion Phase (2014-
2017), Maintenance Phase (2018—-2020), and Stabilization Phase (2021 -
2023).

The results reveal a persistent positive gap between Jinju and its
synthetic counterpart in terms of crude birth rates. During the Formation
Phase (2012—-2013), the difference was virtually zero at —0.02 births per
1,000 population. The gap subsequently increased and peaked at 0.48
births per 1,000 population during the Expansion Phase (2014-2017),
before moderating to 0.35 during the Maintenance Phase (2018~-2020)
and stabilizing at approximately 0.30 during the Stabilization Phase (2021
—-2023). Placebo tests further supported these findings. Both spatial
placebo tests, which sequentially assigned treatment status to donor units,
and temporal placebo tests, which artificially shifted the treatment year to
pre—intervention periods, demonstrated that Jinju exhibited the largest
positive treatment effect among all comparison units. In addition,
leave—one—out analyses and alternative donor pool specifications
confirmed the robustness of the estimated effects with respect to both
magnitude and direction.

The academic contributions of this study are fourfold. First, it
represents the first single—case SCM analysis to examine birth rates as a

primary outcome variable in the literature on Korea’s Innovation Cities.
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Second, by dividing the post—treatment period into four distinct phases,
the study identifies the nonlinear temporal structure of policy effects.
Third, through the simultaneous application of SCM to supplementary
indicators, it investigates the potential mechanisms through which fertility
outcomes were affected. Fourth, by clearly identifying a positive fertility
effect in Jinju, the study demonstrates that effects obscured in aggregate
analyses of Innovation Cities become observable in the case with the
highest treatment intensity.

The policy implications are equally significant. The findings suggest
that the commonly accepted characterization of the Innovation City policy
as a ‘partial success” should be reconsidered as a conditionally complete
success. Specifically, when treatment intensity is sufficiently large,
residential and living conditions surpass a critical threshold, and industrial
clusters are effectively integrated, Innovation City policies can generate
meaningful demographic outcomes in addition to economic benefits. This
threshold effect of a comprehensive policy package indicates that future
policy design should prioritize the combination and integration of
complementary policy instruments rather than merely strengthening

individual measures, particularly cash—based incentives.

[(Keywords] Innovation City; Relocation of Public Institutions; Birth
Rate; Total Fertility Rate (TFR); Synthetic Control Method (SCM);
Regional Development; Policy Evaluation; Jinju City; Control Group;

Comparison Group
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