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21419 W2 o] % FE B0 QA v ot olof gt L
of Filo] &2 9le. B3] ol Y3t BFoR Qs I LA
7M54do] ROMATL lof, ThaFt BHS ol83tel 1 3 AmS HuHow
A5 A77h S0l gt

ofu] AE|A =03t Hle} o] WA Uiko] WHz A AAtol] ALG i 34
A7) A Aol ol $2 A 2AS EARS W, 1 5hF FFES JyHos
BAgh S A7 SRl 22 vl 530 9 A4o] AstEwA

A1} o 7]o] AHEEl AR} Pl BEYe) £As s Ao] kot
A Qdek, DR SETA 2X0 GABH APV SUFHS 99 A
Hto] A4 A7) gk Jarg v A Ao oyE

o & AollAe 3% 2Eete] v Gl Bt APATE F5 B

i)

7190 9elA] BB vl A2 F2 i ALt 7} Bl R4S AN
A B O o] Av A Yk HYRAS ARG AT 9FE 14

2y, Aluele, 7 oA 52 gElskal, AYATolA AVIske 2 BH
T ubg A= 52 AEste] 2 Aol Ajbd W Eof st et

<

w8 dset 2 339 214 (supply chain risk)oll 3l BlA[H 2
T e A= BAISH Boprtt P gstoluy gt ool A EdstA 3
HAot 339 Y2A2IHE(SCRM: Supply Chain Risk Management)©]l
T3 HFEAY AT st 2o 2 Bolol dds] Yt olstofA:=
Katsaliaki, Galetsi, and Kumar(2022)?} Bugert and Lasch(2018)9] &1
7= EU=E 3570 248010 i 92 AHH R EAT A= HHE
o thsto] A&stct. Katsaliaki, Galetsi, and Kumar(2022)= 539 €
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¥ 9 B 1T 70 tfste] Feisisict. o] ATelHE FFTY a0 4F

2 T thE a0t vlG G502 FRAYOM, AAEE YA eHHoR 9

3B RE Bl A o] o) WATH: Luixte] Bk HAT oful7]

£ AFARE BN, 5 AT 5L BRT FAZE A FTH B2, 4
_]

3 AQIG A5, B st 5 B,

sho] ATYAL 22 7|9 B Y]] AASHE B4 BHof 270] B
qlor], 339 waste] s 9% 94 7|9 529 vhzot vl g o 27

o] WA I}, ofslol A B we] B £AsE 7|9 S5 Yol Ak
Selol mIXE Qare BAshs WS 284S Bikol, T Aol F2
FEl MPEES ek AFS B Aol 483 BA mge A4

T Y= A5 S5l i ol8Rt =2 T2 94 A5}
(mathematical optimization), A[&#|°]A(simulation), A°] °]Z(control
theory) 528 &73h= A°] 7hssitt, of2] HES 29stol £42 A=
o AT 9 AlFRAR] FER o] ARG EE B Jlo] ofstoll A= AR ATE
FHoE g AR E= HHe AYsiaith

2|25} By TRl vz 292 ok WA o
Soh= WHECIH 2 A HE A3 oRs ABAGN, £ F-AE
H(MIP: Mixed Integer Programming) 5= &
Savachkin 2013). SCRM &ofof4] 2|43} 259
As}e] T4l 54 &S] offrhs A ol oy S dAI2 A=A
of tiet 7Hgo] Wastths He & 4 Aok dIE 50 357 ST Higt



Hafiet 35 25 AokE f13 vlE 5= AFAR] vz A soF
2t} oo] gt B o = ESAAYS 15| flote] EE EEE SRt
357 A& H(stochastic programming)= A= AHTorabi, Baghersad,
and Mansouri 2015). &5 EX & g0 24 tj7fH4o] E844 52
I 4= o, ojof whEh Mot A|oF 271 9] 7t 7|shar A o' oy
F|AsiE Fo17] o H YAt o] Jlon £ 245 fIRt HlolHE 75
Sh= 2 JA] g2 39 ¢A g

AlEF ol WS SF0e Bttt 25 7Y o AUtk oA &E

A AYHE T oA fAstt= o] itk AR ES 7IE2=E o4k A
A AlEdolA, AlAE tolljul A, oo HE 7|9t HdlE], 2|45} 7|9t A&
oA, I o]2 7[5t Al & o] o7 55 4= QIth(Bugert and Lasch

2018). Tt AlEFo1A Y HEEE #0l7] A= 33T FE2E ° A
3] FAsfjof 5k, 1 Igoll A LAt Hlole 9] i ’f7F soluA "=
ojgZo] Stk E At AlEY|olAolA 7HYe 3G xR0 &tttk
ES L - R ) L

o4t A AlEE0lA WHE F SCRM £olollA g AR E= HES
2= Petri NetE & & tHBugert and Lasch 2018). Petri Net= 359
W Z2AAY 552 LB 4 I ZE o]85to] Al4A 0w #Hs)
WAoot E5tt 35 & WollA of2] ZRAATE FA A E= 4
= AR o pfofd 4= glow, BgF AA dANA SFT 29 d4
= A5E 5 Arh=dAo] ot ot ohE R0 HE I nRIT A 2 &
Fet Petri Neti= 24 Yol A B2 Ado] a5ttt AuEAR] Petri Net®]
T SE4 844 B8H4S ALEshe 2o olF7] wieol 28HAdS 7t
0 Z 3= H|o] A A YELA(BBNs: Bayesian Belief Networks)E
o Stk BN AT &3S 1T 4 Uthe FolA dAA
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o w2} weo] B tHdo] 9)
]/\Eﬂ 1:]-0]1,]]1:11/\‘_ sl 1:1 3 %A]/\E“WHA X]',_iu ]Z_]_’ X]ﬂ, T—q
oul =28 nyslel= Hiilolt} o & o] T LR oA AL EE =

| FUEE A=t AL 52 EFolor, 2 8 Ee B il 53 #

(¢]

AL moupo] 2ot Al 2R A7k 02 Rasky 22 Ho] 47|
gt plAl= FFE D 5 Utk Aol AR, S MEsiiRol B
B9 Fee et Fado|® 71| A5 TA T EAR = A7 ATk

oo]HE 7|4l R FSHABM: Agent-based modeling)= 334 +2E =
H2Rl ool EES] ko= HARSH=H], Z} oflo]H E= A5l 2] of] whet
FE5HA =W AlA" W o] HES 7H0] o823l HA| AlAjlo] &
oA €t o] T2 TRt Ay 0] Higt Aol EE9] whgo] AA|
sedel BEEe e AHE 5 Avks Aol UtHXu, Wang, and
Zhao 2014). ot W72 REo] AUES #ol2H Jo|dE =
(behavior)oll ¥t 243k 73} AR Hlole7t D ash, /i ofo]dEq]
gt AlE] 71 o] mdEaE Alito] BsA| AL A AlA"le] A oS
SHAY SAIsH] oH A= Eo] Aok

_l

Aol o] &2 A7He] SFo] whet 3ol Asohes WAS EAE S A
8l &tHIvanov er al. 2016). A|o] o] Z0] 7|HIgt Alo] RS 2 =2 HE

A 54 A ret WA H 3 BlAd 99lo] B4 wjuitt ofof B
A B E o] gtk 5] 2] ARG EE T EC 2= Ho|X A HIER A
U QAR Ueh 22 I o] 20] Qltt. o] 23 HESS o &£
£ 5l 3T A8 HASIL A& B AR AU & 7t ®

7HA| 7re] TAE B Sfol= b ARE-HrHSokolov et al. 2016).
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HHES == 7| A5 (machine
learning) o] Atk AR Bl 3T 29 HEE Aoy,
olof| 7|5tsto] Fg5 S| o FFS BAISH WAlTh 7AISks =

B AL 3T 129 B B4 E BRSS9l 59 4
w7t Hjnd E=ths Ao + HlolE o] FA
oJ&st 2 overfitting)o] B Y1940l At & B dalelgoe =

= 272 $45Hs Zo] 47 Yk S et
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IE 2-1. S50 tiet O[A[H Y22 0|8et YFE2M UE ==

AR gHE =2 W&
- HIE Y718 Dest 29 SHIYS 126t
MZ EAot= MS0ll CHet T2 SZAIE 58
Amini and Li ZM3L 23 HIMY Sh= Sl0|EZ|E 2¥E Aot
(2011) pay=ha =[] - Qolo| ZFY BRIt UMY 42 HY It
0l 2/&sk= AL 02 SEXE Iaist=s A0|
3= 400 R
- 23O AAYAE 1ot 2L 245t
o o HIRS EXst £ Ql= 2Lty SEX T2 73
Snoeck etal = A3} slEx oz aynl |HI8S =8 + 9 | &8 d
o) R3S Kot
(2019) e o=l
- Sfst A0l SEY ARMIE Yoz A7|2F HY|
HIE z|Aste| AESEAE EHE
- 2 SF0ME MSHQl WAl SR 7|Hte|
HEDQE 15 YA £ T4X| AJAE Cio|LY
Kochan et al. AEY0|M: DA DES 12510 ATIE 2A
(2018) AAR CHO|L A - S2RE J|He| YEI R AARIO| S5YL XA
O|L} Q29| HE-J0|| CHet s 7iMst= A2
2 LIEE
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54 F50 B508 Qs MA| A Aito] A Hl
Z & Stk E A 453 2 QI3 &84 528 Fadel vt
W37} dojdtt, of2]et JFS FFA O & wofshal oS5t H Hefet AlA|
(multivariate time series)?] AEE 12 4= = o] Y Q3I} o
£ 5ol WA ] o] 228517 BAYsHE WA Ao @A oz =
POl A& 7 o A71H 0 2= S vE 7ol w12, flofw 9
5 o] ERPFSHAIH T 7tol| RH=A) A4te]] S & 5= ATt HE=A| AF
AJ9| FgFgo] EFR vhE M A Aol IS F= FE2 TR

2% 9k

_l

H
T Buste] G w3l TRt 7oA 2AYR

mo

(Qin et al 2017)& BE3to] Fu LAsle] uA4 JFS BAsoch
DA-RNN thiie A4 ofZo] de] A4
=43} glole 5ol Thet AL 4ol AAs kg,
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>~
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2. HAH B2

Aoyt =7F oA S5 289t v = 24 AAA H2

AFE2 A=HI9 HWH 9 7Hor 2420 =7 AlFsilt. I
19 WPl o2 mg-go] AIRPEHEA S04 AAtol A Ao dAstal &
a7l e B Qude] sE2 At 222 358 229 9%

F45H A750] Sk, 22 F97] oK A AARoE
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of IHY T4 YIS EA I 24 2R FAE2Y19= AT 3 5
glojdofl AFH o JFE vzl A= yehEdth. 18y
20229 QIEH o] HBHRI 89t FFoNA 9 FHoE JFE T2 A
O = YEpith
2 3(2023b)2 Z 219 W9} H-9 AA 5o e 3F¢ A4
o] JIEH ol & Aol AA G52 Aok 810 = 2HE-5kl 332 A
Attt 2 AfoAs BHoEE S59 fenys, SAVIHEE
TEEY BAA, At £doE 22 3FYY 8 fAdE Folth
TEAES HHES TE5to] =7 33T AEASTE 551 ol
3 T A9 JFS BT w8AEl] 22 35
A2 X|5=(GSCPI: Global Supply Chain Pressure Index)+ FA&Q 3+
4 wetof WS SFARI FEE AlF5H] gt HA 02 de] AR E= 2 7
A #E Zglslo] =5 Aotk b F2H 254H]-8-2 Baltic Dry Index(BDI),

the Harpex Index Z18]3l U.S. Bureau of Labor Statistics(BLS)S] 332
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rlo
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s
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X
1A
=2
B
ax
ftfo
A2

Z] o) AR S=(PMI: Purchasing Managers' Index)ol|
23t 7709] 32 T 8AER SEE T FAFYH(local projection)
= o|-&sto] Aol 2ol = 4% Ayt 2= FH92 1971 0.3~0.5%
Fasta 2248 719 4% 48R 7= 0.2%p, BAR 7= 0.5%p =
OAl= ALE YBT

Bontadini er 2/.(2022)2 2249 7IxARET 1718 71 IAE B A5

o 748 GuielA A== 7HAAReel Zolshe BlSol 2otle A2 Y

o
ol

4) Federal Reserve Bank of New York, “Global Supply Chain Pressure Index(GSCPI): Overview,” 2221
A=(HMY: 2024. 10. 16.).
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£0l¥(nearshoring) 2.2, ofAlole} u|3: 71o] 7Ex|AREO| ook H]Fo]
Eox]E= AL Tho]F(farshoring) 0 &2 WY, 539 £435k= Y
042010l FOA AU 54 =71ete] mhro]o]
Ut o] AFollM= GVC 2F F2A =714 1182 SEHTE 5h= 3
A4S AR A, Yol&olgE 80 578 4]
P 18T FAA R FoHR BATE Yl AR YERTH

Uty O] 2R Y w42 HEA T2 Rt FAI9 duttEE °lE
Aok Aol & A2 7
At o] 2olh= gkt 7]Rbo] Sl HHolnh. & 20| g wet 3+
T doles 24 "I QA0 wEEE BEE B ET S v
Aol et ot A= SHAeF ALY B 5o & o] Y
=X AAAA L} 27F e

Baqaee er a/.(2024) AYA 2.00]eh= 73] AU Q5 A5kl G7
Fe= A=7REC] S5 2 1 FWsE 2EoEE B0 AAE 9 &
A3}t o] = Baqgaee and Farhi(2021) ¥ 0]&51%=H), o] =¥
o] ©7]737IHEol ot AV IL2SHA] Ikl Atkal A[A5HEA P
A A3 o]#et IS F7HE AT B vt vk Areitt. @173 71¥

g FA40] e ARl sk 2 aE vttt 2y

B4 A3 AgA 2.002 5Y9] GNE+= 9F 1.5% 74T A o2 A=

Goes and Bekkers(2022)& A5 $=9] TS £4517] floto] &
Wt 232 T15oMHA SEIA 1 AFYESE A4 9] SH4ikE F7H=E 185131
t}. Buera and Oberfiel(2020)& EHE +USIHAE S5 = LA
M2 ofoldofol| HTe o= QA Hl= A 11 52 SAE &5k =7t
/Are] Aol BlElshs A o= ZHgstal itk E4AIUER| = FA F i
ojw, UN £4 e & Edlz AgH 5% 7 712 522 =72 A4
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FEOE WAYHE Eole A2 (2) H
Al £500 32%9] TAIE Fishe= 35 Aot FukAQl TR g
H]5f &2 HFof A= XA BRE S8l FIF5AHY 742 ol diE=
A& Ueth 53] 45 I A 4ghtke B ALS =7e0] &
S 2Es] mE B4 IS ¥ & e AoR YEhgon, B Ak
R ET oAby HgoA A 4ehite] o825t 2dste] avt g
A e

Attinasi, Boeckelmann, and Meunier(2023)+ Baqaee and Farhi(2023)
o] ®gof 7|utsto] 22 3 2Este] AAIA HlES Al ols
AT AU = FAYG =7t 7 Aok EES19} FTA 5 o3 £53t
£ dhde = dukAQl F50] tisiA7kA] 28elt o|f A= 459 AhEE
oA FEIPL o|FA = AS-E THESte] TSI o] A= SRR
@719+ 4712 St B4R, B710le A4k a S Y diAlv ks
/go] Hal Aika|go] F43] S7I5H EHHA 7|0l Hlsf Z£E3}ke] H|-go]
of 5Hl| Ethe S WA 59 SHA A HS Bl W] AAAto] digh
AEEE U0 =M 7Y ATt 2 AR AN T FFol ZA U=
20 = BAE

Clancy, Smith, and Valenta(2024)= 539 &2t t-8-5k= FH2] /i
e H2FH A2/ (open strategic autonomy)oll W} Zl£ojF o] o]
A=, olE 22 FH LRY 2P o]8-sto] 245 o] A+
+ Faolgo] FA7IES AlstaA FUSHAE Tt =Z diAllshs 73
FE7HRoH, SHEES &8t 7| anet 7] avE TSk
tt. o] Aol A= FxolFof et T A=Y APGAIEI o] oA A 7t
A ut o] EotA= At B W2 SHISIHAIE ARE-etoll wet AF4tgol
AfE= A4S Lo, FHY A 2ol HA ol tigsto] w4
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8 k2 TRt w4 D3t RS YA 2ol

o
=]
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B2 ¥YOH BAHOR 0lo]A| T Ff YAt B
o Uitk BEA Q9] F9oE B
o

=]
of3f] A7 Ak o] A7 mtE HAshke AR

Javorcik et a/(2022) Bagaee and Farhi(2019)9} Cakmakli et al
(2021)9] 2Z o]-&sto] T X Fete] B2 AU Alvr] 2004
= f-3ztolv FZ0] tigt UN LukE3] Zdojote] xdet 153} vidiet 1=

A sl o] A9 BE F7HE0] $HH JFL 0| ZASsolgow

7}
= °F 1.5%, SO0t =72 1%, BB A} ARg-HofetH|ok= 0.9%
T fachs Aos FAE I

Aiyar, Presbitero, and Ruta(2023)= Z@I=4015 9] HAH v]&-S 5
Aot} Bagaee and Farhi(2019)9} Cakmakli er a/(2021)S EHE =7}
ZH AR 7F AUBAE R Yt 23 ©]85H3itE. OECDY 20184
ICIO A=E 7|¥Fo & UNCTADS} TRAINSS] #Al& A& 5-& A oto] o]
&It A E4o"2 UNS| FX JEHE 7|He s 57 1 552 ot
T &5 10 &3 F71et £5 20 &3 w7S0] A= 20%2] 71 WAL}
20%2] 5714%1 iceberg cost® FIRITHAL 7HFskGIH. +4 A 53
ZFs}o] Hojshe B w7He0 #4424 IF= A= Ao=® HSH I
2 Aol B eAE At Aled, 4 Ao 718 wiizel 3971
=719 1671 AFet a2 shel o B4t FAubR2 iceberg cost FEI =T
Hhdo] 7R Rth= A& A4S & iceberg cost?] S84 €At

I
k=]
= glon, 71&00 |/4dE LgBANA Q] "okt i 4= 9l
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I oA B 7hs/d = HiAISHL itk Ak AR FkH

Balistreri, Bohringer, and Rutherford(2018)+= 20184 w]=-o] A&
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-Input- "
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- = — —_—— = T

Layer
(b) Temporal Attention Mechanism
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S8 AA € HlolHel =4 2t
(O: M 22| Br= X o] 118 +=FH)

K& Qin er a/(2017) U 1S FUSH MAF 2.

DA-RNN= olsfiste]s WA ofdld w7 UE(Vaswani et al. 2017)&
o|sfsfok st} A} 07 Hshd ofsl e E4 QAEIAS} T QIAE
2 200 WA = B AAEAY g 5] Aol FxHE 24 A"
o] Hl&E Yehi glolth(ehte] 57 lagAo] figh BE ofdl i) ghe
1o|th). A& £of oelA 7uk WS Al(]: ERARE)E FTAAZ &, T
£:019] "européenne’ % FoI9] ‘European’ Ato]9] of€lA glo] o™, W
7|7} mgAo] FAoA thE TolHr} ‘européenne’ & T Wol Fxsto]

‘European’ & A< Jv|gict.

DA-RNN 2F2 ‘o]F &7 o5l 71" & ARSRitt. o] A WA &
oA A= ofdlA Flolol= 7 A AAE (RS 7 Azt dANA 9] B
FAEE FSUTHI: W22 & dS0] floln =%lo] drit F33719).
= HA DA A A17HE o’ Flo] = AR EA ] Al QlEY 24

JHS] B FR=E FEUH: ol 371E] 9 HloJE7} v ]
A& duh} £Q835719). 2 AF T &Y Al sigk A7F ©A|Q] Bigo] o
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oo S 2B o o 27 o o 22
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S 2y
HEE 2HE w A0 O e
7@l $2E 0| FEX| Tt
(Miole xo 22 atel)
INERPSIN RS

DA-RNN 232 TensorFlow Z#| = (Abadi et al. 2016)5 AHES
o =50, 2§ 553 25t Adam Optimizer(Kingma and Ba
2014)% ©1-83F TE4 AL sPFH(SGD)S &85kt 582 0.0012
ARstalon, 54 e Bt Al LAHMSE)E ARESISITh iAo s
22 HlolH A EQt 2 Sh5E2 a1 Efsto] HijX] 27| A st HlolHAE
Zo)2 AAs}9HKandel and Castelli 2020). B2 HAANFEY £YAE
B Ayl 549 HHGE FAA7HA] 9] FF2 FRlstaiat 2F A AAg A9
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3. 3EY =28t AlLIZ| 0] w2 A Fe

7t. SBY 2 AL 0 AU
3T BEG AU 2= 579 FESAR 29, A=rks, eI

Aba] 28 9] 4=910] 2024 1~8¢Y Aolof T7]¥ o7 FohH AR 7Y 5t
fom, olo IE AAE £EH WIS AHREE Ao g §iFS Aokl
o
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(2191 ©f Z2)

R =15 S35
e EmmOmEEN  iog & R
=N 59.8 57.4 58.6 53.3
(8507) ’ (-3.9%) (-2.0%) (-10.8%)
LEE4EE 452 44.3 42.3 41.8
(2841) (-1.9%) (-6.4%) (-7.6%)
AR E = 624.8 601.5 602 615
(8542) (-3.7%) (-3.6%) (-1.6%)
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(-2.79%), AEH-1.7%) 5 AR 41910) -8 B SF o] ZasHs 20
2 Uehdeh, B8] A 24 BETE FR BB U AR sz
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1. #M D3(OECD METRO) ¥ XI=

o] 3HFY E8slo] 2 FAA FFS BT} A470] nAF HIHo
7|9kt 24 AaE g-8oto] A5% A= OECD METRO 23S o]-&o}od

Johnson(2018)°]l W= 78 A&l thigt At @A7F o8 =71 AA
HA 2R 7RSS S74617] IRt Ak et W E] et A7 HhedshA
Y= ok, 228 7RSS S35k ol AR EE ARE 7I€oR §)
W, =7F 5o FAAESRE AAsH] 35k AXA B 7Y 22
FAA 228A=E o8t 45k nAA WA og2 HEo] 7hssitt
| 5 9% FAERE AAsks AXA FAS A8S AREe HiF
8t 9] GTAP(Global Trade Analysis Project), ADBS] MRIO(Multi-
Regional Input-Output Table), IDE-JETROQ] Asian Input-Output
Table, WIOD(World Input Output Table), EXIOBASE®} the Fora

Database, OECD2] ICIO(Inter-Country Input Output Table) 5-°] THE
Z o]t} 85

O
oh

229 FFYS B A A FYNE TS EPSR: 457}
A3, P AT v} o] ofe] JmelA cheydt A4S Aok ek,
279 EYATE FRS DR E FYto] J2lsb] FAE LR el
714 ok sk Zlo] 9low], Aulth o2 g B P4 ol 8ok

85) JHe X=0f| Cist LI 2t 7|2t B4l MAHS A 1(https://www.gtap.agecon.purdue.edu/, https://
www.adb.org/what-we-do/data/regional-input-output-tables, https://www.ide.go.jp/English/
Data/lo.html, https://www.rug.nl/ggdc/valuechain/wiod/, https://www.exiobase.eu/, https://
worldmrio.com/, https://www.oecd.org/en/data/datasets/inter-country=input-output-tables.
html).
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Ao AeA ek E AR fio] 44 250 EYNSERK: o 5
e S EF AY SE0E TYHe] i), ok 429 B, 7k,
AErie} A119] BRA] ol olste] ol AABHE oI STl 87t

9_15
ri,
JN il
1o,
i“
27

3B AY AXNBAA aRE EA4Sh de AARs YRR (CGE:
Computable General Equilibrium) ®&ge] 9&] ARHTHKIim et al
2024). CGE H32 d¥ o g AAFAES] 24 oAb 25 HARSH
= AT 7 AikE E AR A Ao FAE ] ek 1AL
P2 o5 WA w40l 23 W9 @t Heegho] Wl thE
W39 A=E Yetdl= WilHsgs 293 W2k CGE 3= 0]85
A Aol a7t FAAS 7Ho] B oS A A A ohaE

3 anEA ) 7P g AMEE= CGE 232 HFHieta] GTAP

H3golot. GTAP g2 o] 37l= 0] Qlo] A50] 7hestal g AMEH
A T P -840l ASE EFolth E GTAP Hof| tf&sh=
GTAP database+= 1607122 657} AHdS thAY o2 oF HIthigh AI224] o
B} CGE Hgol & E2] AREE L Qlt. it GTAP B2 Rt 488 &
RS A3 HE B 0w HPofA HFARGAS FE6HA] Eetth= el
7} Atk & of" =7tof A A E AlEe] S E FAHEA, HASAE AR
HEAE A Gt 22 3302 240k S FYR0 o
gt meto] A= ofof ghth= oA GTAP BEL F+24 02 A7} ATt

ojo] & gFo] A= OECDY METRO &S AR&3Hc}.86) METRO HE-S
224 79 AAGTY FPA0] 282 wH JdE ZP2=E, McDonald

and Thierfelder®] GLOBE EgE EUZ FHZARRA A|ZHend user

86) Eod()-” 25tk 7H4_r DO=|

Ol MH2 OECD(2023), “METRO Version 4 Model Documentation,” OECD
TAD/TC/WP/RD % 115t Hels

FACS.
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markets)& AlESBIAT= 540 Atk @A METRO E¥2 Isko-2
(in-house) 2B 22 OECDAA &4 Sl olarE THHLE tE <= S
T3 Ut ICIO-TiVALES] At &9 HASAAHZIA, Wk4anlA], 7
BAER, AEAS LESFT 9)0H GTAP mi gmtlonﬁfiE Zgsto] =4
5 olsE BRPSotal vtk T ghaolut A 5 et AR 55 HE
7 A Hge g5iler 2 HA| IS BA6taL o] 7|Hte = oF
BH At =Eshe H 28 B
METRO 20| 7| 22 thaRt B a vt Z42 93t 52 249 JH
th= o] ol "t} BERE A=ARRE-EARE-27A(LCR: Local Contents
Requirement), EAME(LandCET: Land allocation), A|&2JAHWTP:
Willingness to Pay) 5°| =, 4 i Fdof met 2 158 2/
stof 5 = Qloh

‘A& Bkt o] OECD METRO:= CGE REo|E= 7} BAIFAZ] &
2] JAFAAS HARK= A3 vhYAl AAES z22a ok A=
Stone-Geary 35 ET|E 582 Itislel= ML it} whaba] o]
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1 E

L 54 oA S5k F0AE U2 e FAE 9 B8 A
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Executive Summary

A Study on Methodologies for Analyzing the Economic Impacts of
Supply Chain Fragmentation: Application to Critical Minerals

Young gui Kim, Wonseok Choi, Sunghun Cho, Hyunjin Lee, and Minchirl Chung

The study examines methodologies for quantitatively analyzing the
impact of global supply chain fragmentation and applies these approaches
to scenarios involving critical minerals. It identifies two primary analytical
approaches: microeconomic and macroeconomic. Microeconomic methods
provide detailed insights at the item or firm level but face challenges due
to limited access to specific supply chain data. Macroeconomic methods,
while suitable for industry- or national-level analysis, often rely on
unrealistic assumptions when applied to item-level fragmentation. Despite
the significant macroeconomic effects of disruptions in critical supply
chains, existing item-level analysis techniques struggle to capture these
impacts accurately. For instance, efforts to link item-level analysis with
GDP using linear programming or inoperability input-output analysis
often encounter limitations due to rigid assumptions about input-output
structures. High-tech items, in particular, pose challenges due to their
complex supply chain interdependencies and their significant influence
on final production.

To address these issues, the study proposes an integrated methodology
combining machine learning techniques for microeconomic analysis with
the OECD METRO model for macroeconomic evaluation. This approach
considers key issues and transmission channels identified in previous

research. The study also reviews critical mineral management policies in



major economies such as the United States, European Union, China, and
Korea. The United States identifies critical minerals essential for economic
and national security through legislative measures like the 2020 Energy
Act and has implemented strategies to strengthen North American supply
chain resilience. The European Union has updated its critical raw
materials list every three years since 2008 and enacted the Critical Raw
Materials Act in 2024 to expand production capacity and enhance
international cooperation. China, despite lacking a clear legal definition
of critical minerals, strengthens its resource management through export
controls and cooperation with resource-rich countries. Korea designated
33 minerals as critical through its 2023 Critical Minerals Securing Strategy,
prioritizing 10 strategic minerals essential for industries like electric
vehicles and semiconductors. However, Korea's reliance on imports for
most critical minerals highlights its vulnerability.

The study conducts a vulnerability analysis of Korea's critical mineral
supply chains using indicators such as the Trade Specialization Index (TSI)
and Herfindahl-Hirschman Index (HHI). It identifies high global supply
chain concentration in minerals like cobalt, lithium, and neodymium,
which are crucial for secondary batteries and electric vehicles. To assess
geopolitical risks, it examines import trends from China across seven
countries from 2017 to 2023. Sharp declines in imports of gallium, graphite,
and rare earth elements suggest potential disruptions due to trade
conflicts or export controls.

The study employs a Dual-Stage Attention-Based Recurrent Neural

Network (DA-RNN) model to predict the impact of critical mineral



fragmentation on Korea's exports of key items like batteries and
semiconductors under three scenarios involving germanium, graphite, and
rare earth elements. The results show significant decreases in export
values across all scenarios. For example, restrictions on germanium
imports led to a 3.9% decline in battery exports, while rare earth element
shortages caused a 10.8% drop.

Using the OECD METRO model, the study evaluates the macroeconomic
impact of critical mineral fragmentation under two approaches: direct
analysis of import disruptions (Approach 1) and integration of microeconomic
results into macroeconomic simulations (Approach 2). The findings
indicate that germanium fragmentation could reduce Korea's real GDP by
0.15%, while graphite and rare earth element disruptions could lead to
decreases of 0.14% and 0.89%, respectively.

Based on these findings, the study recommends strengthening supply
chain monitoring systems by integrating fragmented platforms across
government agencies and establishing a centralized control tower. It also
suggests diversifying procurement strategies, promoting R&D for
substitute materials, and supporting SMEs through digital-based supply
chain management platforms. Additionally, it emphasizes harmonizing
policies with major economies to prevent over-securitization and redundant
investments while expanding international cooperation for joint mineral

exploration and development projects.
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