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30) European Commission, EUCDM 7.0 Release: Enhancing Customs Data Efficiency across the
EUQ025. 4. 7.).

31) European Commission, Import Control System 2 (ICS2).

32) European Commission, “Security’.
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33) CJEU, Case C-349/07 Sopropé.
34) CJEU, Joined Cases C-129/13 and C-130/13 Kamino/Datema.
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35) NACCS Center, “Overview of NACCS.
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36) Japan Customs, “‘Advance Filing Rules on Maritime Container Cargo Information”.
37) Ibid.
38) Ibid.
39) Ibid.
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40) Ibid.
41) Ibid.
42) Ibid.
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9 59 a4 308 W 54 FEE 25T Uk 4
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Rad &, & $8ERF 5 AR DAE T2k, AR DACIAY ol fAIK - JAAE-
7153 A Fgo] AP HUAE =TS0t 7R AeH AR A2
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ABSTRACT

A Legal Study on Al-Based Customs Risk Screening and the
Allocation of Responsibility

Ji-Min Sur*

This study examines how Al is used in customs screening and distinguishes clearly
between two stages: (1) the internal stage where Al assesses risk, and (2) the later stage
where actual legal consequences follow, such as a customs hold. It organizes the key
legal questions under Korean law into four areas: whether Al screening counts as a
reviewable administrative act, how much of the process can be automated and what
procedural safeguards are needed, who is responsible when errors or bias occur and
how evidence works in legal challenges, and how to balance the need to keep risk criteria
secret with the legal duty to explain decisions.

The study also looks at how other countries handle these issues — specifically the
EU’s customs data systems (EUCDM/ICS2) and the right to be heard, as well as Japan's
NACCS/AFR system, which uses code-based notifications to let parties correct or
challenge risk assessments.

Based on this analysis, the study recommends three main reforms for Korea:

First, make it clear that a human official — not the Al — is ultimately responsible
for any decision that harms an importer or exporter, and limit situations where the Al's
output automatically triggers a negative outcome.

Second, even when specific risk criteria must remain undisclosed, the customs
process should still offer a meaningful explanation(in general terms) along with a clear
path to challenge and request reassessment.

Third, improve record-keeping so that when errors or bias occur, it is still possible
to conduct a proper review and hold the right party accountable — even if not everything
can be disclosed.

| Keywords TO Anti-Dumping Agreement, Anti-Dumping Customs Imposition Enforcement
Rules, Disposition, Self-Responsibility Principles, Proof of Evidence

* Professor, Department of International Trade, Pusan National University, jmsur2020@pusan.ac.kr
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I. A4 &

T

1. 2X2| H7I

20254 4¢ vlsr EYE 27| PHE] FABAFHA ESH(International Emergency
Economic Powers Act, IEEPA) (50 U.S.C. 1701 et seq.)oll &A% ASTA| Hil= =4
Aoz FHANED), 5 59 HE AR olojAHA 7|& AAFG7|-HWTO)5H
MEN IS FE3AZ “A 25 T e 22 ARol it (Mavroidis. 2025). SHASE ]2
S AT HA] 23 = IR Aol digt Alag 20261 24 202 tielo] e
T EsHAD g 249 F7IRA] Aol dlaE AL, 24 259 FA] T Al122%
(Section 122 of the Trade Act of 1974)° ATt 10% HHETA7F FA =T A
EYE gis®2 olv] 17] ¥7] 5 WTO S Z9Aske 4o i B4 2215
=, 53] F7IRIEE olfE she £AE2 WIO 133 E2YA3te WTO0 Hdo]
TS 7 Sk 3 20209 19 AEE vlSY] 194 FAEALY v=o] F
IS A4 B £ S 53 sfAsi gho 2 uj=to] WTO HRIAAIE 18
AT HTIQIT} (Hufbauer. 2020).

S, 20259 4¢ o]d EF RO oAl B S7HAl Se)u ARl B 2 &

FolE)E Aot Ul 4t Eou e=] A3 Hal oEke 95 Fabe JAIE 23]
RO 4¢ 2% thEE FHPLOE HHE =9 HoyAle dF AYgE ALsta
HE 19 Aiimdt Be AlFol A8Ee AWd 2A2 AYEA: Hes =71 His)

B}X

A

—_
Z

vy A% U Ao tisfi4l=, Ben Budner, The Questionable Legality of IEEPA Tariffs: Does
the Major Questions Doctrine Apply?, 104 Tex. L. Rev. 211 (2025), pp. 235-246; tIHY HEE2
Learning Resources, Inc. v. Trump, 607 U.S.__(2026) #Z; YAWE & Z7} X9 #sfA+=, The
White House, Fact Sheet: President Donald J. Trump Imposes a Temporary Import Duty to
Address Fundamental International Payment Problems (2026.2.20.) ZZ.

ul= MT=AE SSHCBP), CSMS # 67844987 - “Imposing Temporary Section 122 Duties” (2026.2.23.)
WTO Panel Report, WT/DS544,552,555,564/R (20224). ¥ E40] tjsf4l+= L. Aldo & B. Marco.
“The WTO Condemns Trump's Tariffs on Steel and Aluminium, but Biden Condemns the WTO”.
Journal of World Trade 58:1 (2024) &=

AL https://ustr.gov/sites/default/files/files/agreements/phase%20one%20agreement/Economic
_And_Trade_Agreement Between_The United_States_And_China_Text.pdf %

US Executive Order of the President, “‘Regulating Imports With a Reciprocal Tariff To Rectify
Trade Practices That Contribute to Large and Persistent Annual United States Goods Trade
Deficits” (2025.04.02.) (O]} ‘EO 14257 =

2
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71 AL 10% (712 BAKR] 271 28)S Bakshe, 7k o] So] we} b
2 QAER, 5 IS Pt opet AEERE A5 A8Eo] 4350 ujd o)

A85h WA EE Hlabd] Aol % AR JjEoR AHY ogelsitt. ofF
=5
=

2 271 v=2 2] giE A A 5 e Aot SeuRkE BRSS! o =t
=} o]EHF 7| 29) (framework agreements)]| 0|2+ LHQ] FARS AFPAT A

WY A 53 BAl 2AEER @2 S Aol ko

H 1) 0|29 IEEPA HSHM(EO 14257) FQ LI

=7t CHAIAL (FHUCH 2 HAIZ H|2)

CHHIZ HRE HiE (19629 fYetdY M232% =X U 5 2 E.O. 14257 2= 110 ZAIE 7|6t F= HMe)

10% CHAIZ M| 234 (2025.4.5.2E Aldl)
=l 10%~41%2] =718 Mg 21t (2025.7.31. M2 =718 BMOKHE E.O0. 143262 B2 1) 582 ¢
2025.8.7.8E Al)

zQ 2t

]
1o

| 22t

2025.8.1. 15%2 =g
st 2025.11.13. 358 L&
MFN Mg E= FTA ME0| 15% O|&Q! st=4t MIZ2| F7HHME2 0%, 156% DIFRl St MFel =

2025.8.21. BSNY UE (2025.9.1. 56 Al%)
EU MEN MIZ0] 15% OAI01 EUAF RIELO| 27FMISS 0%, 15% O[PI01 EUA HIZO| 27} Z7IMIE S= 15%
£3 EU HMZE0 chHEt Hx|

E£X : 012 9J3|ZA=(Congressional Research Service), 2026

6 HEAoE GHAIHED)Q ALE B u]=2 20254 29 26Y0] EU $&F0|| 25% 34| Ha} AgdS
d 9T 49 29 609 7= tiAate] AeAlE SREFoH, dg =/1E9] diu] FY4=x]0) w2} F)
50%°] @k TAIE F3k Al&e]ict o] FA|FAEAFHEIHAEEPA) TE TAlof] 2, FUAL =
Eo gt u|=9] A% TS 20%2 AAE ool 5Y 23Y EFX thEPL 0¥ 195E EUY
il 50%9] BE TAE Rasicky SEFC 59 2590 o] A HadS 7¥ odz dAvIsin
gt 79 129 EFX g2 BUO st HE T4 8 1971K] 30%=2 A7gstAlcta Tag)]
ok SHARE 7Y 27 &4 eREo|(aHE] ) o] 15% Al Hirt A=A kAR 20264 2¥
209 "= T [EEPA A 917 B & EYZ o] ¥4 LAE vpto] 79 12250 wkt
15%2] EHTAIE F5193 EU 98l A gholo] akgTt PdAde olf& gl oo HiES
AR Bt Aeolc}, F 2 [EEPAS} 122%%=, 11 27 (I7MIAALE vs. iR 2A5eA] ZZhu Al
3HO] ER(1222= 150¢ $HY), 122%3}e] A= =7PE A5 TA7E BVt A SollA Xol7t
it
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20251 EO 14257°] m=w v=o] oAt “BE 1% o= i e BE 9
Foll sl =AFH2 255 AxGs] Al Fashs #7144 SIS Anlith?) o
o o714 FAFRHY 555 AR ke A2 vt ofe; W=t ‘FAHA Y H|
A T TSI o] 2]t HIHAY S ofet wg=e] WAl e A Aol ofy
2h, HEA A= xolshe Zom AWEHUhe F0Ae AR Ee T
(reciprocity)@ 9 AN #4BS 2 ulst, o= =4l AP o] i
o] A} I WS 4T FojH IR 7] o] sYEHE AS vttt
(Rhodes. 1993). wetA EtFstAY
3Es7] QI BE X5 FUT £ Sletl EO 14257 ARAME H= 4E F99

&

=
R A Az S

YT ofefF 4L vIF AZGAG] A Aol AEL Weksh] ofgA v
BFST WAL 0T PR QF Hol JEVAE Baskha s1ssha St

A= ol2iRt Bt £t 74 ante vm] A2GAY] g 713 S4EA A3t
Ao A A g4, Ax 9% sl Fe ZoFE ZAT A 71HY] 152
7FA%} mls A H =7 bR SJSiE WX Aol 'AISEL Qlo] IEEPA 5ol ZAsto]
FEHAE T EQltkes Aol o] A2 eFo]o] vjHEASY] St WS

Zolsted| FARARNIA FFEIL F787 Foldt =t =94 7HE Holuyr] &
I ESE U HeFold ofEt figo] gA] E82 oA7F Athe ARlE (Rhodes.
1993), 20254 1= A2PA| £AE SHAE AAZ Q] HEZAZA Q] AA/dS Q4
< 4 Qo

SATACIA e 2EH0RE usd HFE =t UA E4F Ao
(specific reciprocity) BF=Z “@As| 749 Al AollA XFH TtELE0] 553t 714

7) EO 14257, A2%& 2 (“It is the policy of the United States to rebalance global trade flows by
imposing an additional ad valorem duty on all imports from all trading partners except as
otherwise provided herein.”).

9 EO 14257, id., Al1%: 5] BRoAE wleA) Zeof 7147 2ol B, wzjshd o) R A9
T4, BHET ALY BT, e S AeEl: O oA, okt - 8- Iek 74 71 o
w5, B So| mekHcky At
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5

9] EES u¥ohs AR S Ak 42 FATT A ol2olA 45449 A3
o2 A% K= tf-%-7} olo] sigettt (Keohane. 1986). 3 55732 g7t o
2o g +8E= PBF 78S Eoot] 7= P97t AsFH o 27
T Ues A e F0(diffuse reciprocity) 57t =t F2AF = tf-E A
£ & 4 Ao (Keohane. 1986). 42722 SHA A wl= AL =A4] AA42] HS}
o} A4 o]9] SAo| wt EAA T I A5 o015 E8olm 4o 8-S bt
HFHow AxAshgct

EO 142579 A2olM Heht 5ol EYE PR= S Fe flsiiies 4o+
7} DRt 1719} 27] BRoA v o SAsigith: o] A9 AT Fols ‘B
2 Aozl HEo sgshs o7 RE Fo el 5o o] ‘A2 ALAY EZ
o] HtgE]ojof BTt omlo] YA HTFOR uwo] FQ W KTt 79 ARE
71ES1AL QAL o= B3 99 SAR 11 EdS HEY] S8 AdA
Bilgfol gtek= Aot} (Chow & Sheldon. 2021). 3HAgH &3l vk} o
EYE g5 AT TAE v=E 3191 GATT/WTO AEoA Agstk= 43 55
91" (mutually advantageous) ASAIS SFA)7|A] £3l1 WTO 3|9=+ 7+9] Atolst 7
Al 2 AEste] ALEd=S #izichs atte] FA4 oFE EoAFHrE B
HolA AEE & gl Aol
£ =52 AT SAEAA RS vl 577 T AFste] EA51aL AR
BAStAL Bt olA AESE JeA9] Qojet EAE vigo R o= Hl= 4
oA 2394 E713E ol& 19349 F2FATHHRTAANS] W& AAS 4
wECh [IPolA= 20258 A28A9] thatsojete] Htde HESHA AF4Q1 89
A e waotiA gt VA= & HE AT aA9] FE ZANY =y A
H3 o] U524 H7FE skl VAOA= o9 =95 v R ATAl9] ul= A
2 ZHo] Mat WTO oAt AAIA W2te] AARg o2 AR AARITH
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II. 19349 AsFSdAHo] vjw

i

1. 29|

ZF2Aol TRE EO 142579] AEollA AR Bl o s AFE 19349 A2 FAEA
H(Reciprocal Trade Agreement Act: RTAAR A5 5:2]9} I sto] ul=k BAFYZC] &
8 Hggo]7| wiZof] AAF o= EAE a7} Sltk RTAA= teolAl £78 1] el
A =3t e B9 HEE She AT 2ok AlET HikE Folshe Ae 7 AR
5H= o IPAR FFESrE 1930 AF-E-Z2|¥(Smoot-Hawley Tariff Act)S 5
et Aoldt. wiEhA ARE-ZE] BAE L it s RFEH 19349 RTAAE vl 79
8] A7 A A v on, TA| A HtS o34 PHRE olBToEN K
oF A5kl 3 AFAR] 59 G4 7FsSHAl A (Schnietz. 2000). ¥ #l=-2 ¥
W S BAIY Rt H e FE 3o Rofshal Qledl AFE-EEHY iE
IPASF 2R 5o FARE-S BISH] 91RF RTAA o]% 937} tiggolAl 7 |4
s gtom, 11 deo® ml= WAlE WA AED 5 3
BIHFGEZAHESE TPAS Fodl gttt o S°], 20159  the Bipartisan
Congressional Trade Priorities and Accountability Act (TPA-2015) A|103%(2)32 of
&30l H=2] the] Foqof "It Fetat AljY S 7RIl dksk= WA B 7|8
A AP Z F4517] 9o =3 FAFALS Adsta, 239 71 23] glo] vl= A
&0 tiet ARk WA 3X2S 4 Qe HEE FoIsiith): TPA-2015+ 202149 7€
19 haEo] g5 93] 23] glo] F9HE Wl WAl MBS 5T A & 237 A&

3 2 Qe Bk 9ehio

hinel)
o
rH
ol
o
N
N
)
b
do

uls

jinel)

9 19 U.S. Code § 4202

100 CRS (W= 9J8|ZAN), Presidential Authority to Address Tariff Barriers in Trade Agreements
under Trade Promotion Authority (TPA) (2025.9.19.), p.1; 20204 12¢, 17] EFXZ (532
TPA-2015 A103X(@F] wE Ax H3HE FAlste] FHATED)TY] A 49 B F9Y
4& Aot
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2. RTAASQ| FQ LIE

RTAAE 71 GA] 50| 9d 24 H(Cordell Hull)o] F=3F A02 71 514 YZo]
19473 GATT®} 9Aol2 WTOS| H4] 82 o] &L Qo] @A chHAA], &3] ALt 4
5909 AAA 9JulE olsfsh= © W FRSHF (Dam. 2004). BA, Altid AJgog
19309t AFE-Z2Ho] tfgt RhE W2 H7HE0] vla &80 dis) TA V=
3l HESHA (AHgE 2010), 1932 QEReF FAFollA = Aol A= $h(Imperial
Preference) 8& FAIfoto] vl &0 423 BHES YHth= 2ol 4= Ao
OJ3t RTAAE webA oA QIsks 53t A7at =4 Ba} SX19] 49| 4kEoleh=
Zolt}. 3], & o] FAAAet £ o= 4AYE wole £EEEE, 121 19
Al Al S 2A 2, F=3 T ARIA], A F7FS0] AROA Bt f23E the-o

H/gdoll et 733t vluhs B F/do] it B 929 95 & 4 L olAlo]
GATT AAo] 0]ojR]| 1 lth= FHolthDam. 2004). AAZ H9] Y = Aha A
QISHAAITE A A o2 FAZolA] Rl QA o= A QISHE &3t & AT I A

go] S| A Qlsk olofa 4 9lof AEFolS Aestsirks ol

i
f

ol
S

= o] F23H) 0|5 FASHAMTPA A27} HIIch (Koh. 1992). olefet A5
AL 53 Alo] 29 A4 AT Aad ARHoE S5 BB Rofsists

o} gick. @ WO E T FA% ZRE Ot Byl FRAY HalF o £

2 ZFA AoIgick: w12 A1 AAR oldol R Bl vt Hal et
99 AR A, olF ES 2AR HalF TS AsieeT, 245 HoT e
L AAMsoRE Tk AN 94 Gabt gelck oY, Foluthe TEA
B550] Azt 4] 0] 48 714 o] o] 247t 2§ sle] Aol she FAL
W47 B EolE AT} QIolch (Dam. 2004). TR 1 BA) Qb el oo
o ABo] T AV} B BEFo] JASIAE ok AT ATA Ealgtkn

]_

ol

igﬂ—ﬂr

(Snyder. 1940). v]=r9] H% 1922¥ FAHo|A FExA2 MFNo| AHHE X7k
Qto] 9I3E FURE AL ot Hit TAEL] QAo R HA|H RS SHE
7] w&olgt sttt (Dam. 2004).

¢

o]

_4
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3. 4= M Zx|efe] Hlu 24

i

b RTAATE Hlwe off 20259 EFE ths9 ] oA A8 tadt 22 27H
AR Weks Yebdcka H7ieh 5= ik WA, 54T BEAsAE 22k vl=ke] WTO A
Aol A HeZ 2715k F7IRFEE A A QEH(economic security) ¥4
o] upA el Hskst Stk Aolth ol 20199 171 Wie o] thARzE
A3 FoloA I dero] R o] ALS 715 vl BAF Ake] Al wstolr 2
2F i o]F u|=9] 74 HA| Qu FA Heko 2 HIHEATH (Drezner. 2019). B4
2 Zvlo AL ksl Ae] AT} A4 Qlet 9 11 Ho P9l wixpaYA o] AR v
== GATT/WTO #9] Azt gl&xt ol we AEAAAY ks SJulshct
(Badaw. 2026).

Tt EYE th5R2 A4 Wl AT £ Aol vl AA0] Al 2t
EE AUZ 3]9sk= A ol “1870|dF-E] 1913 Atolof [w]=o]] 71 {3y
£ AFoIAZID ehdrk: 11 gA] wj=o] G453t A e 52 TR BoHgkon,
£ A5 A9 F8 oI, HATHY AR FA|, WA BA, = £, F&43
A ARl 7Nt B S Elov AT 2] G4l EHBol ukE A
(White. 2017). o]&{gt 23} A=A, 202549 vl= 4 A FAE 55 o B

e}
i,
ol

]

I
]

N
E
fru
oE
N
p

A% Asg suste] Mo FRe AUoRA A1Q $o14E B SHAlE @
th12 23 olo] W2w AT AW, T} 7 WAL S LRl olelo] H Ho.
2 HobAi: o e A=A AYCE 7Hslof Ak B4 Aol 719 531 9

e A (Reinert. 2023) & 4= itk ERE hEAE o] HlolA] A 44 Wzk v
o] A49Z0)A T4 WA £ BT YT 5 HRS AR A9 AT A5
HA o] AAg ZE FTASl A@AS 4519 201699 EujRFIE

(NAFTA)E "GAMS Add Fote] 79 F4 ol2tal B3I M2 USMCAE A23L

—_

Zi

ol

1D W. Weissert (2025) “Trump has touted Gilded Age tariffs, an era which saw industrial growth
with poverty’, March 10, PBS News. (https://www.pbs.org/newshour/politics/trump-has-touted-
gilded-age-tariffs-an-era-whichsaw-industrial-growth-together-with-poverty).

12) E. York & A. Durante (2025) ‘How Much Revenue Can Tariffs Really Raise for the Federal April
10, Tax Foundation, Washington (https://taxfoundation.org/research/all/federal/universal-tariff-re
venue-estimates/)
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201940l BAE Ul GAky g gdket B4 SR FPSIE Bk
Az AALme Ak H BRAE EREAY A i HIEe A% v

w0} AEEIY] 2HA BAS NNk 5, ofd PRI 4T YRS JNoE T
ThE B ol £ A93E 27 vie, ERmo) sae oA ATl Az

A, BAAA A WA 8-S AR (Mollah. 2025). o2t H]HS EYI 27]
FPRA B A E o] HA Aed RS Sl FASHAAAY L2124 HIlE 7
o Q1AL o]t k= 221 o] % SA| o] 2 ARRFO|Z IA| AA| Ao 24
R7A] ZEfotal Qirt. ol2fdt WA AEA] A= 4FY wiEl Fg M
(hegemonic stability theory) WA % A& 4= It} (Webb & Krasner. 1989). ©]
ol&2 AR =4 A AA7E wl=9] 2Eiil] oJEste] LYt ACE 2025
W vl=o] AE A 221 s @A ARloA FESHAL o]Fof] 5] 7| E F2E A
ot= A3 R siAE 4= A Zlolth EFE o] AL w9 thpFQlof thgt 3] o2} FARE
T E ATIA B4 Hzo] o]d 9] FH ApofoflA Hlojuh A S RalH
MA AAZ olssk= A9 FAE Hoetti: & 4 Aot (Krishnakumar. 2018).

. Z=3A1et WTO FAEA HE

o]=9] AT 2AE 7129 ARt B9 AAAE FEskA] ¢ o S o2 27t
of tisf dFHoz et X ek= QJu|2 WTO AAete] 9z 7o Aty & &
It (Kong. 2018). WTOE EAHAYSI(DSU) Al23.1x0] wz} DSUO| oJskA] gke o
HH2 A1 2AE 31831 7] o] WT0 RS 55U B A7 HDSB)7T &
QA &A= 7Fsoka Gt FAHS AP35+ 9lott DSBY 59l §le B 9=t
o] 24| E3F et RARE werHETh wEbA] vl=t ASIA 229 WTO TR
S MR AES Fart At

13) Bloomberg (2019.3.4.), ‘Evidence Grows that Trump's Trade Wars are Hitting U.S. Economy’
(https://www.bloomberg.com/news/articles/2019).
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1. GATT M= (=< &=) At

[

A BIAE YA YA UFE B SARERIAY ARt AJHgle] B
55 %l Hish =2IsHA ¢ dI9-E dlioF dtke ¥2los, WTO tRHFAAAe] 24
< o] JASHL A&7 FABAE EASks Hl 7]olstal itk HAPE AR X3
= -2k =1l tie-2 o]FofA| AL o] F FF= - Y32 WI0 Jd=2 B=g ¥
A= Y FAA R Sk A ol APE SHA] = 851l Itk GATT All.12E
= e Arks (D) 2AEE 227 HE 2 3952 JES AR sAL A
A= she AEe] HE S FolsiieA], SRR THE JFel s34EUA, Az -
H BE AFA EA=E dlgo] S2t&oly FxAog A==l tigt AAE
sk ot

u=9] AowAle] 49 sFAEC] tell SF=E= 10%014 50%°] ol== 37+ BA
ot APEA 2= GATT A= A1l FAE 2= e o+

x r

N
)
rr
n’
o,
)

ol

2. GATT H2.1Z= (M| 25]) {ltt

GATT A2z A% (T 2 2i9e B slgke] Felo] thaf GATT @4e] $48
Sl PO T HEoI A ATt Zeidt Th9E ML o oy st
Q=] 5 SIS GATT WHO| B71E% Yiolue m3e o8 249 W7 9wt

glom YPAHOT BAS AWGT 4 glol Tl HTIAL GATT A21% ol

n

3. GATT M28Z (¥5] =1 =7 fltt

GATT A28 A|13 3|Uo] Fs\BA F315 44 T Asjsteld g o2 4
2 G AT, A GAIE0] F8 FF 0] skl A0 WH 71ek BAE B4
so ole EET T, AT 0]o1S THl A0 7 BAR} YR Fojof ks
Sfekan AR e i) AETAE AEte] QoA o Aok AT FA
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2 WA gigtom, 44 A BAE ABAAS olojd sle] FAH 452 FAW]
9Ie BAE Ao gl G U] A B F8o| it £4 2740] o A
A E AB A2 FHIT SWolgslol, A28k A2l ATt A 2L ThE AR

of tigt BAA #5g Algshe AL AM E7Fs R E3 A28.32(a) 3= 9] §lo]
= 7o) 7FsOtER 58S, FAlO FEE T AR @A HEY 4 F
2 FFA G olsiEAE 7 AE—olAl 6711 oldoll AFH R 5T s
A3 AS Folsle, o|2dt Mol A BH 30Y Fof] 8-S AR wekA o)
=0] HE TA] gt e S|A=] g A= WTO 2lo]l FIE Al2sxe 574 &
Al FEO| g &) s vdE ZAolA, mlso] dHos Rt f3o] HwA
A e ThR7] 913t Ao] oyt

4. GATT HINZ (=& Mg 2X|) 2t

u]50] JEIAE 71 Tl 2712 akelo] At TAIE Hold: Ao 283
L 014 GATT Al1120] W 42 Aslo] Tat Qube 24 FHE FKeict

5. GATT H|36.8X (HYT=4=0 S HIASY) {ltt

GATT AJ362 A8 A Aok Pazto] A7 Aok ghae] Holo
A 2 7Ie A AEstAL Bejs] Isk BARIA ofWa okl el 4B AE 7]
dfeiA ok HokT FYokn otk B2 36,8271 WA ol5elAo] gt =2ke glon
ulsto] Sk AETAE WO AR Wl ALEA Sgso] thet 58 9 33 e
2R 7)ol et

of,

ol
s
=
A
rr

l

6. GATT H20= (YuHfe]) 2 DIE=

20189 U2 19749 794 A301x0] w2t USTRO] F=9] A 7eeld 52 ©I
T2 T4 B U0l gl Ao &2 71 BAl 2A9] dis) S0l A4t
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WTO ZAoNM F=2 v=e] F713Al 2A17F GATT A1 (MFN) H A2.1% ()<}
(b) $IRE 42 A7ISIRALL, W52 A2 22171 GATT A|20%(a) whet Aot
HsEATE WTO Hd2 vl=9] 7 A £A= GATT A1} A2z fiHto|m{14) E
GATT A20=%()2] FF=H" (public moral)’ d€jol iF3HA] F=rhal HHIA.15)
tj=-2 229 olf7t | =9 P, S F=7IU o] 771 H AL £z
o799 AAAHE, JFHD, 71E = FAEH g5cke e 1=y B34
AT (unfair competitive practices)?ll SfBEH, wehA GATT A20X(2)2] 335%
gof ZaErhal F613iet oo tisfl $5-2 old FAE FuirHolA JAF ARt
sto] J170] 35 sigske SA7F 2 4 vkl shg

g A A9 29 A8 HAE ZAch= 7IE HEHS10 QoA o 4
719+ 9 oaid Az daEA, SR olge dolv ®al 189 BF5E, AEA
7RI HEE A S8 JFAEA, 54 S5AY =700 FotAY 9 vAAY
T Ao gt Aoz QoRslthl?) AEA R Hd GATT A20F(a)°lA &
FEY 9 AE FAIR R FASHA] &AL, AXAHECIY 71E 52 B3 ASH F153St
1=9] &A= GATT 20%(a)9] 35 =Holl= sigstARt vl=ro] 227}

I G40 284 8713 IFA7IA ettal AEX|

fr
pacy
)
)
ol

d

7. GATT H21Z= (2t& ol2]) A DIE=

u]=o] A TA Tt FAHEH EO 142572 w9 A&AQ1 ARE £ HRE A
ol At A 9 H7F ol FE 2SR FYSHAA HlgARE] Adx A
BE 7 Raks HFslellct. vk HEA ASTA7E HoflA] =98 GATT/WTO 72
I EAXHE Ao whd A9 nlat2 A20x9t A GATT Al2125 Y88 7Hs4

14 WTO sHEXR A, WT/DS543/R (US-Tariff Measures), paras. 8.1-8.2.

15) WT/DS543/R, id., paras. 7.236-7.238 & 8.1.

16 EAQ] WTO A47|F HIHZ WI/DS2/AB/R (‘US-Gasoline’), p. 22 (‘A20%0] W st
7t 8 Aol HEE7] Yo, BAIY A7 A0z EAEH 54 A9 "]"’]' @QFFE ()
YA & Shtol s ek 0}1’]3} A20x9] F& 2Fo] Rt 2AE FFdoF gt &,
B2 F AR o]k AA, A0 [ZF Yo o2 229 4 43S AR T 7&’@@'
A3k A, 5U3 2AE A0 F& 270l ot IR Brkske Aoloy).

17) WT/DS543/R, para. 7.115.
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o] £Th 2018W EYI 17] FFFoA 7RIS o]f2E 1962 T A232%
(19 USC § 1862)0ll A3t 4=9) AR Hsfl 7 TAIR U ARt 220 of
St u]=9] GATT AR1ZO)GDFl AT el tis WTO Hd2 GARE] Al&T
AL} Fgol SAst] G ZA7F AR Al T A A 71EF BPFA O] FHsHR
Aoz 2 4 9y whA] GATT A1 1ZR(MEN), A2 12@AFS), 21 AL I1REF
Agt FA) 59 Qo] Hisf 27 ARgE FGst HA] =rhal BAEIYh18) E3),
g A AL Z1EF WA 7 WEEA] AT FUT SHidS Al Za= jle
W, 11 FF S0l =4 BAl m|A]= AZHdel HlaL 7hssioF ghrtal wtstiA E3
oj=to] A&t 22 7 YAk 5ol A3t TAE HE T, nj=to] T3 ARJo] IA|=
7Folut A7) 8 o] vIAA] Zef 12et ool sigetA] Fethil 2EX

O

M

4

AN

AFEAC] FAYATAY Wek) ] BAS o) R R4k BT lF 2
4 7dola|
HH|olg0] SHUATO] HEzolH Huo] Tash] glat Jutol] Bfat 2 97 wjRo|

1 231 A0l B BE] e Ll SRS Bl

2h 9217 grelol st gheel %= Q1] WhEolTh (Mollah. 2025). AFBTHA 234A] %7
o2 ¥ HAH AHo] 5 AA 7|7t ke I
P moHel 2N HoHES Wav|T vjE] A9E dxHo £7)
A7 A mEol A7) 28T} S/ BAkeke SANSgkT (Mollah. 2025). A5
TR Wl S A2 D AE A HES tEels WS g e 2y o
o] A1 WokT} (Ehrlich. 2008) E5] A4 EEe|Ho0] Sgwo] Het S5 n)
8 A1y FolH ST B A7) BRI BHA T SAY slErolels 4

2 738 SRA AR AfRA FUA WY Hlm 9ot A4

=
Y
E
é
E
i)
ﬁ
He) J
55
rlo
oﬁ
—1N
19
;a
;::
W
L
Ir
W,
é
iy

o
ol
ox,
ftfo
™
rg
=2,
£
rTo
>i

ﬂd
£
X,
o
)
ol

o M &
=2

rir
ol
it

M
i
E

i
< 1o

_1_4

a3
o

18) WTO sdE 4, WT/DS544,(552,556,564)/R, para. 7.149.
19 WTO sHdRIIA, WT/DS544,(552,556,564)/R, para. 7.137-163.
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5 ojEguTE BN FE BAT T 38g AEHoR APYs Aolant
(Donnelly. 2024).

e EmAE QEsE uRe] &4 SR 157 BAE 2ARA 5
Al A FEY LT Fao] ofd BEAR] HAA pAL 7HEe] HEA! =2of o5 FEE
AR, olefd AL T AR AL B 4 YA v A wAE 1A
VI FHAY Aoz st AN TA| R Qlsf o, ARARE, At 75
5 9B 7tao] AHsstel Fuf Avj4e] Heo] AFET Y Be) ASUA} HED

0] A7} 84 5222 Eeksla Q] T 1 L Fg] 45 n)F A1) B

o,

A vl F7I= Qs 43k 4= AL of=ek JIEH ol P2 AHERA Z(Fed)d] w2

SAAEA FEE 7HAE

Z1o]t} (Jacobs et al. 2025). ©|2{3t A A¥re] &2 £ H]-8-2 =A| Ig3ol &3t

= Hl5 Aol BHEE ol 2= A4S BAES IS 7hsAd ERE wie- E=Th
E

HI 5P 78 AR 7[Rl s F2 B3 o2 A dF2 Atk e
= O

r o

o

b

re
i)
i,
9
_)i:‘
iAS)
2
A
ol
N
i)
e,
2t
o
1o
[
2
A

x)o] 519- Foksiet.2) AukAo® FHolt FUAYI L FhEe] B, 945, 37
A IH PA0R BEY A9, £5 Aol OESHe v & A 2REA

o7 BAAQ FJgrS u|zcty BAECH (Grant et al. 2019).

200 The Daily Star. (2024). ‘Bangladesh, Vietnam overtake India in low-cost manufacturing’
(https://www.thedailystar.net/business/news/bangladesh-vietnam-overtake-india-low-cost-
manufacturing-wb-3696826).

2) g 5of 20259 3¢ 10¢ ¥EE =9 u=A Ha), Esk &4, o] gt 15%9] B
A, Trade Compliance Resources Hub, (https://www.tradecomplianceresourcehub.com/2026/02/22/t
rump-2-0-tariff-tracker/) =.
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20254 EYIE A5 GHOZE Quil 171014 AzElo] EFI 17] L solE

PHFE olol7 uF Foke] 3718 R 443} oA FHe A YA T &
Hogt EYN 7] PR Ay AREC] AEH EHPANE A Felshs 4

2 At (Dunoff & Pollack. 2025). ©]Z22 A22t AIAIHA o)< ml=9]
Frotol] 1E5H TR 29 AAo] digk Sk TH R WTO AAY] 34 4 F of
Ul AR, RIAR,  Aue] digh bPAH oS 7FsA (security and
predictability) & 41ZtoHA F&ste] QRES HolAl “HAIEA o] ok B4 AAE
eHog giotal ek Folrt.22)

b ASHA7E vl BT 2R ¥ist 7hsA3E BRI Qltks HAISHEA
o] AARES AZE 4= Qloth WA, 193419 RTAASF 20254 AAS3A|7Ee] Bl o)A
& 5= Ql%ol YA Aol o= 7 a7 A0R (1) wiEHR] FAHY Aol thErk=
Zoltk. RTAA Bl B GATT/WTOZ 22 T dAIAl: AL oHA] i 4=

9 Bt TAIES 19324 59.1%2] ATA|R vl= A7 FA71E A Ak kARt
2025\ A A A7) w5 BAlE tRREAAIAIY dA =71E oAkl a9
7] 8 e Bk MENTAEO] 3%t $ehs Zolt). E3t (2) AS ARt Xafl=th¢
Y] AR 19309HAE FAEC] 2 F7HEC] BHS Bl TTAIE FEIHA
O WA 7|1E G4 WATH= ]S FRolehs T2 AT HojAA T FE
o] utE]7] R Hdflat the- Foli= T P oEA 9 HF/do] BEolths A0R 45

SAIE 19959 WTO &3 o7 11 o]3d 9] AJ&ike W22 sk GATTAAIRNE A&
oA 240] oui7t vp=al 2714 wouido] | AulAuy ZAE Ao =] e
Fo| HFUFo] B4 AB|A Abdol digk S Aol ok Holw. &, ASARJA =
A FdelMe =7He0] sEdAEIA el Al titt FEE doiuEs 944

22) N. Lamp, What President Trump’s “Reciprocal” Tariffs Mean for International (Trade) Law, EJIL:
TALK! (2025) (https://www.ejiltalk.org/what-president-trumps-reciprocal-tariffs-mean-for-i
nternationaltrade-law 2%,
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A 3Rl sl Froks A9 FoFo7t A 4= QLo 53t Au|AY] B A
o= ol AEFo7t AEE7] A5t Aol

AR WTO T HeHgolets HollAE ASIA 22& WTO AAQ BH/dx}
Hpdo|gks 7|24 S FAISHL o] AAF e fiRletal Qltks Aotk o7
olsro] WTOS] thre], Bjabd, AP M 9&& A
o =214 Aol JYFohs A S04 Fd TS At B7K 4= o (Dunoff
& Pollack. 2025).

AR FSIA 2AZ A=t vl Sy B57F OEshs v o]FoiR]A] il
Ath= Aoz WA R B Aoz 20264 2¥ dA 202549 g 3 B¢ =2
FYUEof| tigh Ht TAES 2.6%°1A 13%=2 A5 oH 20259 11€9714]9] =4 dlo]
ElE &8 2o TA|R I3t A FEo] A9 90%7t vl=t 71T AH|AA &
ot o= UEhgths Zlolt}23)

opA g0 2 S 2X19] Al S B A= A #ut ohe EYL g5
9] A& B3 7AR1A Alejol] B0l #X|¢-A] H1L e ol HHEE]

t}. o 501 20189 w-HAAZ-7iutt FH(USMCA) A2 FA] USMCAE “rl=o] A|
At Id Haolx 7t 8% £ FAolgt “REoA footy L FFHA
202549 39Y 4% USMCA & A3 flvkols 7Hukctet HA|
HolG A HA Foli= USMCA o] 719kt oflQ] 23 H8-5 A&dl= FHE HolH
A T FH(zombie)Z e Fej7124) ¥HEE| T Glr}. oA EHI tiEo] 7
A9] 3717t 445 o]9lo] "k 7124 NS AXRcHA 1 WiRE Ji/19] Hejd A
gof 27 FE7E BHEE T QL 7129 A B 457t ofdet BAlgs He

2 Ul AR A, =7 ke 1S Al S, Foah Fast A7gehE B 10| ¢-8E
1 Y= Aoltk (Dunoff & Pollack. 2025).
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23) M. Amiti et.al., ‘Who Is Paying for the 2025 U.S. Tariffs?,” Federal Reserve Bank of New York
Liberty Street Economics, February 12, 2026, https://doi.org/10.59576/1se.20260212 (https://li
bertystreeteconomics.newyorkfed.org/2026/02/who-is-paying-for-the-2025-u-s-tariffs/)

249 J. Gray, The Coming Age of Zombie Internationalism’, GOOD AUTHORITY (2025.03.10.) (https://
goodauthority.org/news/the-coming-age-of-zombie-internationalism).
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FH] FAIF 9 A =AY 2 BAY] 2e v SHidoRe oY BEe A
& I 7T ARARE AR WTO AAISHe] 22 AHdAl] fkely B3 2714
B2 7hs/dol At ES vl= S EAI0171= SRR His o] IEEPA A1y
253 AAet Foagele] Ha 217t glofal Aejel A FAHBF(USTR)ZF 20264
/7R oAI2 20259 AFEIAE F3f 19749 FHH 12224 30125 L83 H
ZAE st He TR g THste] =ol

QAo A g8 B =4 ] dote =EAl folREe e WepiAT
20259 ol%- w= AR 9] A2 22 o] F A AAA ] M=EFdolgks o

A ZOZA AAE 4 ol §1 19 Bl BARAE bfgo

2

)

o
rEl
r

i
R
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ABSTRACT

2026 U.S. Tariff Policy and Changes in Reciprocal Trade
Policy

Dae-Won Kim*

This Article examines the changes and prospects of the United States reciprocal trade
policy through the tariff policies of the second Trump administration. The initial
imposition of reciprocal tariffs and subsequent universal tariffs followed by the
unconstitutional ruling in 2026 can be seen as a symbolic departure from the traditional
trade policies of previous administrations. This represents a significant challenge to
the multilateral trading system established under U.S. leadership after World War II.
It severely undermines the stability and predictability—core objectives of the WTO
system—and can be seen as intentionally damaging the very purpose the WTO system.
In this context, the U.S. tariff policy for 2025-26 demonstrates a fundamental shift in
U.S. trade policy based on reciprocity. Its implications can be summarized as follows:
First, Comparing the 1934 RTAA and the 2025 reciprocal tariffs reveals that their
historical backgrounds and institutional content differ, making a direct comparison
impossible. Furthermore, the meaning of mutual adjustment differs from that under
the 1947 GATT system, which only covered goods. In the additional trade areas of
services and intellectual property rights, each country’s protectionist mechanisms
reside in domestic regulations targeting specific service industries. Second, regarding
consistency with WTO norms, the mutual tariff measures disregard the foundational
norms of universality and non-discrimination within the WTO system and violate
several substantive rules. This can also be assessed as the United States effectively
abandoning the WTQO's principles of multilateralism, non-discrimination, and market
access, embracing managed trade. Third, the intended protection of U.S. domestic
industries through these tariffs has not materialized as expected. Examining the tariff
burden reveals that, as of February 2026, nearly 90% of the economic burden from tariffs
has ultimately fallen on U.S. businesses and consumers.

Finally, the implementation process of the reciprocal tariff measures reveals an
ongoing unstable situation where trade policy is repeatedly swayed not only by
institutional flaws but also by President Trump's unpredictable personal whims. This

* Professor, Law School. Seoul City University, dwkim@uos.ac.kr
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is heightening instability not only within the United States but also in the international
trading system.

| Keywords Reciprocal and Universal Tariffs, Reciprocity, 1934 Reciprocal Trade Agreement
Act, U.S. Domestic Industries’” and Consumers’ Costs, Instability of Global Trading
System.
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ABSTRACT

The Impact of Al Utilization on Logistics Performance and
Supply Chain Sustainability

Young—Kyou HA*-Chang—Joon Lee**

This study empirically examines the impact of artificial intelligence (AI) utilization
on supply chain sustainability, with logistics performance serving as a mediating
variable. Al utilization is conceptualized across three dimensions: Al-based demand
forecasting and inventory management, Al-based data analytics and decision-making,
and Al-based automation. Using survey data and applying a structural equation
modeling approach, the results indicate that all dimensions of Al utilization have a
significant positive effect on logistics performance. Furthermore, logistics
performance—reflected in total logistics costs, lead time, order fulfillment rate,
inventory turnover, and logistics operational capability—was identified as a key
determinant of supply chain sustainability. The findings also reveal that logistics
performance plays a significant mediating role in the relationship between Al utilization
and supply chain sustainability. By elucidating the mechanism through which Al
contributes to the long-term stability and sustainability of supply chains, this study
offers meaningful academic and managerial implications.

| Keywords Artificial Intelligence (Al), Logistics Performance, Supply Chain Sustainability, Al
Utilization

* First author, Doctor, Department of International Trade and Logistics, Chung-Ang University,
tender5k@naver.com

** Corresponding author, Assistant Professor, College of Business Administration, University of
Ulsan, clee0825@ulsan.ac.kr
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I.AE

GHG(Greenhouse Gases, 24712) & oJASIEIA(CO2)E 7H 2 HISS XFA|5hH,
71FRo) 7MY 2 71995 St itk M, 24 83 TIEA7 = 718 ZhAdlE HiE
(CH4)T} oFAISHI A(N20) F-7FAHFCs, PFCs, SFoys©] A8t ojilsteta thgog

Bi&go] W gk e AP 71FoR okisieart A4S N s 7
58S 7HAAL Al 58] Wi"e] GWPDE =2 A7 29 FAge 7ML Sle AeR
A Qlot. ge] 2 AR oliteietao]| Hlsl Z2 HolA|Rt, GWP= of 2981 w2

ZAOg deiA, 7|H 07 vl F3t 7|FHSE FESt wetd di7] § WEe A4

Sl= AL AA 24 a3 740 2 IR vt Minal Pathak et al).
ek 5, T, AT ® 7R ARy, ofuA] 2ore] R AR WollA 2y
thHan et al., 2019). 53] olvA] B4t B2} 792 53 Yshe HisF Il
A7t s EAE 7HAAL JeKLiu, Yan, et al., 2022). oUX] F-2of|A] st wigte] it
Ko} SA| R0 ofsf et A8 FAE(Xu et al,, 2023), HiE® A7ke] ARl =
Aol s %“é‘é‘iﬂ(zmng et al, 2018). EDGARS] GHG Hi&%E 34 A= 4H]
A 52 &9 &% HlolH 7IHte s AEY, HEe] AS =719 Al 2 5 =712
TZ Ao17F A3U(Liu, Ma, et al., 2022) o= QIRt HiE Q1 F-& Tfeto] ofF. A
1 HiE HAYSE © o] olsfistal RUEFs] 913k HiE 8291 40 gt At
5ol ol ] AT 22 =AIAR] 715 B A St B s 45 A
o] Fgk 9 FE4e =ol= ol $8% S oAtk

71& A=Y AE HE HiERe] ARG o

= A7 @A A0l dis gshe BECIA 71 AT ARl 71998 ERIRE B Sl
TR AT AEA JE =719 LYEue ARt g9 2 Vs Sk o A
59 $842 X 1Y AgA Ve AlE 7L 5% e Ts gto] Hd
© 9ol =712 A 2ol wht o g A gEAl=Alol digt A5 7= of

o FRa k. At 7|6 E SET AFL UF 1S P9 /168 F2 UG

o
=
:l:‘.

1) GWP (Global warming potentials, X7-2d3HA|5): ZF 2471471 7] Fofl e o =]
< oiIshekAo] gk ATHAl gro = yUErd A

e
_fl
]
0.



MetA 71E Mg R0 HEF HiE Z=0| DIXls =7F 4508 8 0N &0t 24 <« 71

A-FA5 27t 2ele 718 &5 9, olUA A Qluet, A 84 59 124 Fo|
7F EA5HH, o= FYe 71& Fol 24 =7t AFolA AR HE HilE A5 Atz o]
A Y28 AARIHXu et al., 2023: Liu, Ma, et al., 2022).
| A7) A wigtol] B A7 F2 AAF RlETHE BESH Felo

 HopollA Wo] ALEJoH(FdS, 2021 FFE 9, 2012; FHE £, 2002),
A FA 9] dgo] il HEEt GHG AAE gidoz g AF-E0] BtHChoi,
2024; Choi & Jeong, 2025; A& <], 2012).

r

HU

£ d7olMe 7le 7ol 3784 7101E ke iAol 2Retste], Mg 71& A
F F9E ST gilo] HE viEe] vAe dFe ATH o= AR it 53] 2
e At 7led #EIHEF DT +UL 2t Ve THEa A, A 79
e okl 2479 F=7t viE viEol niAle anE Bl B4Rt Uoprt o] a3t
=719] &55F0] met ojdAog YEU=AE AIAZ¥(World Bank) &5 ER(al4
5 3IESFIALS-HLHE VIeer AEUT olE s A AA 1757=2] e

HlolelE &-85to], tha Al (Multiple Imputation) 22 ASAE HARt & =71 9
T 7R IE ZI3) o] _Tlﬂﬂ-q(Two—way Fixed Effects) Tjd XS F43Hct oy
A| 48] F20} PR AELE F8 AR o, A4 Ve AlF 7o Wy
o] AZK17] lagls A&sto] F9-HiE 7+ T4 Al aE HhgRlt

B ATl o) 26 ZuolH Aol lolatth. 2, GHG A7} ofd vgie]

270 G5o] ARke: 71& AR Rol7} & 7o) A AT A, W] 7% g5}
Heko A Wiek #50) A Fo40) ot ARe FAZ ANV BA, $2AY
9] Sijolets T AP Helsel BAgonH, 71 Folo] ofd Aust 444 wiE
U502 ololALAS FHU AA, A55EY olIH Lyt BAS B9 Ak 7|
shito] o] of 7} g0l ABEEAS WSl A55ET TR A5 5 9
£ 71 A A0 A4S BHRIT ol g A BE 94S It A4 714
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I. £d99+

meto] 2@ AAA HlE £0lo 19lg AH| Z7lo]n o7} WL LrlojA] FEW =
712F9] 7147}t 7P #9HHGao et al., 2023; Sun et al., 2022). HAHAE & o, Heke
T2 59 2 3ol TAsh= Aoz d2A thHan et al., 2019). SHAIRE 1 F- oy
A FROIM TSk HiEFY F92 53l TAcke WiEdE & v¥SE AARITHLu,
Yan, et al., 2022). SAIF-93 2F 2.9 WA gk opitetdA 5, GHG HiE%
| oidzt 574 24714 HiEFol IS5t d7e2 = Hiede] S0 == 330
St wiEsF A7 Aol disf A5k QItK(Tian et al., 2019; Wang et al., 2022). 22
vt WSS A7E of Anke: AR FHE] QAL o5 oF 80%7t S A=
Sof] WAL )0 (Zhang et al., 2018) H-E{South-North) FHoJ4(Wang et al.,
2022) 7V o] olEsolk= AoE UETh B3t AXSE2 thiE vieT oY= g
ShaL AL, AlE AAl=S0] HiEs®d vE= 922 Skl Sle A2 UERdtHHan et al,
2019; Tian et al., 2019; Zhang et al., 2018). £35| HEre] ¢ A4l HA|=ol|A viE3t
L HjEgo] W 712 ke 12E 7T Ya(Liu, Ma, et al., 2022) olUA] &
ek HiESF0] 80%/F AT o] AATHXu et al., 2023). 3HH, 7]& 74 FEo]
& 2o & 7] g ACE YEPFTHSun et al., 2022; Xu et al., 2023). 53]
ARSHFH, v, )2 des 2 0, 71 /e S He viss A4 7]o=7}

)

Jlm

Z 208 Uehglth o3t A7e2 FHo & s sk Hetd} 11 §E%] & HlS
< XAt olF asks o XS AL V& Rl AL 1T o, /A 271t
FE0 R HiE AR sl ohe AR oAzt FE S Aol sjH AAEE A3t
222491 3 FAI7F A AL AASIATHGuo et al., 2024; Liu, Ma, et al., 2022;

Wang et al., 2022).

U A= AA EF, oluA AR 2 5 U9 B B 24 8Qlo] RAVRA
HiEF] m|A]= Gl tisf At A7-50] TRtk Higke] 4% GHG HiE 539
EotE]o] A+E F97F WOttt Choi & Jeong (2025)9] dGolA= GHG ¥Wi&9] 4
AAGH A7, H71E, BH)ol 54 Aol AFE] oz, Ay & HeE 236l
of BAY Fa4S SRRt PVARGIEHEA|3]H) P2 ol-8st] FAE H 7+

=
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o)

A} & HEFe Ao JIol Hisf dFsien, 2 F2 Ad=os A48t

£3] ol[YA7F GHG #i&2] 7P F83 g<lolt As T uf, o=t B4 H4
£ T3ote] 1 YFE ASSHe Cheon et al. (2017)9] A= olvA] 9 A W47}
TR A7 wiE] miRl= FFel ik A=t 27] 7HEE Alssii. 438 ¢
(2012) 9] 7= BAGBGDP) <ol AdTx2u FAeE g2 WaE 7 A5k
GHG &9 724 &2 o 43 AABIAH. olug-£8-8(2025)2] d++=

r[o

= AHE Abolghes AuA] thad] AE e 2AVEA wiE 542 89 &9,

o B4, 523} AL 5o oo r A4Sk
T Atgzo] mE o FH HiE WjollA] AR L ofuA] 20t gefAle A
G HiE 9 34 IS WK AtE SR - AdF(2022) o I+
e A FH FRREES o thggho] &4 o Aol tEA I3 vit=
2& BoFQleh. 2 32019)9] ATollAs S B4 HiE 891 9% £4
o 23 FYFEY FHNHA] AR T B4 wiETT 309 AT S-S AlAleH
o, oA A3t ol Estal 7]E AFJollA] tE AR o= £ & QRlo] A3t
A wiEo] S7Fke A= AAskgit dad-FeE(2021) A= STIRPAT 2
ZAsto] L2t 1671 BGA- =9 ojitsheta HiET 248 01S EA6Iglon A4
HEA A5, AF, YA Hore g iS4+ AV lou EASK: BAA
02 Fol5lA] 22 AAIBIALE Bo et al. (2019)9] AFoMEe HA F2] HMIH=A|
3, FAA FHEFG ML), A A7 A=A A )] & ALt HiE B
of JFe vl 5 22 A AA 127 22lo] 84 Ao JFE & S+ UL
AAIstgATt. £3], AL 2518(2020)9] AtollAs WEHFE 2A7EA HiE9] SExs)
@S OECD =7} 1id HlolHE Bl &A% A}, A7]38t @4 2o, 71Ast de
Fo/do] glgiths A A & Ao s B2 TASHE, 4T 3EA, B2
5o MR 5ol AAVGET EExstE o] ¥hA A3t 83HE ol & Utk 7Ms e Al
AFSIAEE. Kang (2025a)°141= 715 Hab7} A% QbE(E Aol viXle F&FS HIA
Y rd 4 54 oid E42 o 4FZO0E vl Qi Arellano-Bond GMM °]&
ofo] BAstglon], AREE GDP7F 52 71948, 59 YAE 20 €4S o
HiEo] £ AR Ueyith
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=7k o] gelsol gt At o, AR 9 R ERE ] 47|& 4t 5ol GHG
HiEo] P2 ol et AFE o o] RojFth E5] Fo & Qlsf Tole EFE
o419l GHG &2 7ste] T A4t 2R7ds S me Hiad S7He &
FIS Wi ok FEA(2015)9] ol 45 9 ovA] LHFo] A9 Y g viE
Foll FFE FU2U NAFTA ABL2 FAACE {90l glas ¥al FTAQ 247EA
& 7o BAO] thet AFA SAE AlBstArt. 759 2(2019)9] A= =l F2}
A2 7Y 2 7Ie E)Ehe =4 aq7 @00 nlAls A FFE HolFo] Ve
Aol 2 ZiA Gato] et =2E Z3Isk3ith Copeland & Taylor (2004)9] A=
AT} 2 719 Ao oz A ARI o] 2H 7 AFH FAE AAZN LR gt
A AEReview) =22, 1) 7 AF3P7E g wA= FFE =4 1R 9 AAA
Aol g HiET I 2) Pl tet A7 A g0l & £ Ue TR 3) B AR
oA o]Folof & Y FPFolgk= Al 7HA] 8 AR Eafste] AL 5= Sl oA
£S5 AAsHT
olg% AA| Wi, FAo| A71&0] Fitat AAH Ak B9l B RS otk ¢
T 9o, FHo & Qs 2A7EA 20| PojuAL A IofA 9] Qo] AR oF
T4 7Hd(Pollution Haven)o-& A3t A EXRI. oS- 7154((2012)9] A=
Foo] oliBltAE $9l/5ESIe 7 AL ARk IS ASH0E B
o]Z=3it}. Choi (2024) 9] AFoIME o] 2 Fo15 S7HIZIANHRLYE TdA 7Hd)
71& oldE B9 B ae4E =Y & UsS AXISHITE Kang (2025b)9] ATe As
= =719 7 el 2AVEA wiEe] WAE 199097E 20209714 58754 S
o= g EA& AFstoirt. £ Jafol =7E thE A ¥t wEY Aol adt
£ 9 5 22 AR o171F- 23HH2002) & & Aol FARI(H e 7]& A
£ Fo)o] I3t AA W47t obd, 22 7|5 Wl of-S9] Aadt viE A Ak
A oA Ao & A MeQlE S-6lGit &, Ve AAle 84 TS ol
& Qo 7Ie wR BFelA & st dofd 4 sg HolEth
H S7hch BAIA A 71& 5ol ol thE A aEsto], MAA digto] ofy
2t 7 =7k E4AS defohs Wl S AR T} Al7]e 4te] S BrlsoF
St 9 2R3t} Kang & Hwang (2016)2] ST 714 dAlo] o]Alaleks vj&ek

|
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T Gao & Sun (2024) 9 AT TAD Fgoleks HAH 7|4-Fg Suo] T v
23] AL G A B4 9L B oAy AL Fo) A5HOR 02w gk
MM, 4171 L AA WS B det Aze BT AN G2 AR Lee &

Ha (2025)= 22 799 gjio}t tA|d Hglof e 3597 54 S7I= Jd $74E
7299 Ut 293 847 Hltke S AATEITE E3E 71 2](Technological),
ZAA(Organizational), &73&(Environmental) 2910] AR F-5E /=2 FZ 1o
= EF40 B2F AAsISlTE A0 - 7/4@(2024)2] Atollx= &4 FA7F 71
71& Al B A3E s £ 4 3= AARITH GHG A= f1gt 7]
A ADS A9 A ot 29 Qe BRT 5 IS SN

2 3059, 7 2 oagom Jls) SUT wrAAehE T2 9 HHE Yo
YHOR TS BE X 4 SUck
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HG Hi&e] &= 713 o123
T, o] @ (2019)2 RHIFFolehs AAA HeE Hdo] Zghsto] ojilshetael 4
HAFZ o5 HEsIgl. W0 Aol AlHIE9] oje inte
735 71593 ZAo 544 Q1 o ent 285 = k= 4+ ke Al
It Bae & Yoo (2021)9] @7l E 477152 gz & t=7 g
7t ol AdE SAISH A71A A 5aks EASISITE 1919 GDPeY v
A AREE T A olUA] HIST &2 F8 W APojof|e /o] EAE

S0°] 2SLS%} Z-2 =+ H(Instrumental Variable) 7|'H& -85t 544 A==
Shol= ®PHEA ZAE AAISHATE Cherniwchan et al. (2017)2] AFollA= viE
3= 34, 719, AL =71 A At B #istel ddske R 26l 71
ATES AAS LA, &3] FAFGo] GHG Wil n|xje dFS 24T o, o
FTHE WA= As ol ofd oA viEE WikE fUekeAl HAUSEE olsfst
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£ 245130t DOLS-FMOLS, VECMEAE &3l S+AF 271402 &7 ATE Al
oFsi, A7|H o2 GLPIE (AAZITHE 2E A9tk
THHoE £ uf, 79| A= e viEgF 2 IARIAS AXNF R FHdoto] 4|
719 A, FAFSE 53 viE A7 A 71E Y] JFgl S £ U A
739 vgtEr= F&2 GHGOll FFot AAVSAT Az, AUA] AR &, =

4

1o
o
_1

1. 0| ™SI Two-way Fixed Effect) I 3| 2M

i dloE(Panel Dataj= Y Ho[Eet AAIE Hlol8 Y] B4 & o 7ML
glolE=, o 7iAl9] 22 714 AIAE Hlo[HE 4t Aot HlolE el 2 7HA]el
7te] S50 wpebA TSk B4 SAIBIER, 7iA|I9E Al
2t oA} 9 Holg Y B2 Wil JEAe AT ot At diEdew
5% OLS(Pooled OLS), Azt Blm] A2] HARF(OLS with Time Dummies), 17 F7}
2 (Fixed-Effects Mode)¥} WHET X F(Random-Effects Model), FGLS(Feasible
Generalized Least Squares) 2% 5°] o} & AFox+= 1A G3 2 5 o] IR

IHTwo-way Fixed Effect) RES 4 BP0z ARSI

=

O

A 71915k Exo] A}

>

M y=X3+u
2 u= p+ ¢
(€ t=1, 2, 3,, n

@ t=1, 2,3, -, T
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u D BQAL, JEENe IRRRI 7
;o INEE3K(Individual Effect), =710l M2t LIEHLEE @t
IS i 0] XM HEk= 1R XKidiosyncratic errors), =7t MO M2tA LIEHH= X}

A1) oA =t 71e7] Ba7t B AiAOIA SLsHA yerdthal Aojsh, A
BT Aol Hish A AL 7Rt Ak o] B4R ATt His IID(FH Ao
o Z7A0] 912, independent and identically distributed)2= 7H9T S524HS
(homoskedasticity)& 7HgeIth. AlZto]l we} B&E= &/d3 F6HA o2 ol
NEans HHa7HRandom Effects)hal 31, A E R HSH= £443 4HE 5 9l
L MEaats v avkFixed Effects) 2kl Jich

IR HgS A7 Gl Hisf FEsHAIRt of| JRALo] whet JkE T
+ Zgoltt. ?tH A7t Ifete] tisf Fteld /fEavhs HYsHA FolA= &
E4Q avEhl B HYgS YAyt Hygolshal ¥ & Qlvh. ey K2 fEa
T AT b S5 tE 5359 BHAQl AlolE Hools HP 0w, AT
B 5ol A Aol2RE =5EHe WAE & & AUt oY /A SAlcke 3=

s

fe o

Y 1Y AIHOne-way Fixed Effect) 2E, 7HAIS} A7t BE FAloH: 232 oY
I AT Two-way Fixed Effect)@o]ztal Sict,

sid Hlolele] £4 A& 2] 7go] sl Aol tish e olA] &A
U QA3Fe] Fato] Alzte] tis AAIZE IAU A1 de] Sl2)7F S 4= Qlck
o] A% A% W AR 2P FHFE WS ZARE T 29 4o HIko|
A7t sHAYE vlAg A A} ofdet AP A TAE Zeths 7H slollA of=g 74
= ARGl A%t 7S AL TS Altshs 24 37 2K Cluster-Robust SE) AL

FAZ 53l HEE = ATHIAF, 2019).

o 1

filo

2. T2 GojE] #H

1) oRARt A™(Hausman Test)
Ay 2yt AGay 2y Aol By AEl kAR A (Hausman Test)S S0
U} oRARE HAL oF FHFL ARTHAHO) stollA Lx]4d(Consistency) 2t

l—J

O0
ik

A5
T
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&/ (Efficiency)& B 7HAH, o2 4L dg7HHD) stollA = AL A
the 7H3S Z-=tHHausman, 1978). 138 Aot WA ASE ALRE 7 1 2
o9} EFHALE B3l Chi2gkE AXISE F, Probability)Chi2 %ol 0.05 oot W& #AF

7HeE 7176k AT By, 0.055 2ot HEaY HES Aud & ok

2) Id ©elZ AH(Unit Root Test)

7d Hlolel= AIAE £7g0] 3o, DX unit root)7F EAISHH B%H(non-stationary)
AA Do) Fo] W 7+ AR TAZE ol Fofet FAE Uehd= 7H3S]H(spurious
regression) wAIZ7F AT 4= ). g T HA2 Fisher-ADF FA<S &9 740l
7Fs5tMaddala, 1999; Maddala & Wu, 1999; Maddala & Wu, 2002). Fisher-ADF
AR AF7HES B Hido] ©9l2o] dths ZolH olF 714 Al A AIALYS
LFERAT.

3) X7|4& ZH (Serial Correlation Test)

g 2ol Zhxpel| 12} A7V dae] A& Al FE 87 A4S 7R 203
7F a4 FAEC ATl AT 53] ARFH R QIS BEA] 1 o] =2
A 2 2 g dlolEol A A7 wiS- S5tk lag B 3R HPofA Lol =}
7V/gHo] Forl o Alg o] BlagAolh. A1 Wooldridge A7 1dH A4
53f 818t 4= QItkDrukker, 2003; Wooldridge, 2016). #AF-7HIL wfido] 12} A714¢
ol EAHA] =th= ol thg7HdE Arldae] EATS Uehdth o] 4% 3
T+ EFZAE Fole AR APt 7hssitt

4) O|2At ™ (Heteroskedasticity Test)

wid HlolEolA Z7PER Aol thE 59 ol2Ate] EAISH FE +4FE Hlae3
olef B2/} YLk gl Fobh mE W dolele] 49 A4 T8 o wad
A7t oldHolEH=® o]FARE A WAHOo=® HPARITE o]RAMIZ WHE Wald
Test(Modified Wald Test for groupwise heteroskedasticity) & &3] A7°] 7Fsolct
(Baum, 2024; Greene, 2000). AF7HZ K= 7oA EAt] SYstth= Zolw A5
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7hdo] 712k A) olitilo] ZAIGHS LERL. o] A9 77 TH EEOAE T Ao
2 Yo} 7Rssht.

r2

b) EH Mt AX (Cross-sectional Dependence Test)

2 fdolx F71 1t FAIA FACE QIR JYod Aol AT 7/l &
36 T4 =7 7 A A WINPT, BEAPL A FAEI AASATO] A
5] WAl 7F AAES 2 diY HidolAes 2

e Bl Aol 7hsst, AR P Aol gtk Ao R 7]2t

CD
2 A] b Aol A s Pesaran, 2004). £ toflA

.|
»

£
A

fr
o)
e
=
ox,
(1
A=)
H
of
b
e d

THEUFEE F7HE ERE U S ARSI S8 A Adga Ve
AlE 79 dlolE, oyA| glold, A glole 2 F/4dstlem, ovA] tlo]E et A Hlo]
19| 7% CH4 ¥iE&3} A3t TAP Jeu= Fet Mg Ve AlE 59 W] 9T
< 5271 s SATE ARSI

24| 535} 7] (International Monetary Fund, IMF)}2 (Technology Transfer and
Innovation for Low Carbon Development (Pigato et al., 2020))°)4 A5 A& 7]
o2 B4 opF dm A AAE dAlSke 5, HAER, Heledsw 55 Atk
59 71« 5] Esto] sig HlolEE /sl ERt, A7|s}

fju

Aea)e AE FAHLANLCD) WS ASSET. ATth 714 AE $29 59
F7k0) Aekivle AES A 9 AAste] Wujd Jepo s SJHEL, Aukh 7|4 A%
S0 B9, ARk 71 AR $US B & ko) 87 A A AT 4 ek

A 7)e AlF £U 9t FHEY duid o BiE S22 =S A7 AEAE

ot

i
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LolE7] Hste] A H(F3H] TSI Az F5ghe AR gH= AR8SIA
oh U] ARSFY] S wEHE B4 wiEFl 7P 2 HeE MM, Y
B SARH] g Al Aga 7le AE FETY < a9E & < it 2, oy
A ARG A ED SR AEHlgo] B 2 = 71 5 o, " 2dE 2]
o] o] T SHszE oUA| 4BHENERGY)

270 WE He 2o 35AeE ZAsiglth
A Wz AP (World Bank)2] S7HE £55F 20 WE 427 +& ¥
£ AMgstloH, 1919 GDPY A9 474 48 sk
< Hee ST dolHAA b HAEE S8 254

©
m
r&
i3
o
o5
gl
@
!
1o

g3 5, dole AFslE S8 =i
(E 1) A2 o]y 29
No. Hay ZOF a4y =5 Model A | Model B | Model C St
wE 22 Y o
1 CH4 e TS ol WDl 0 0 0 log(tCO2eq)
=
oIt K Ef_)‘k_j /\I E=4
2 LEXP 128 l;a BHE | o) log(US dollar)
T=S
101e MetAT |/
3 LIMP ol bigt IMF 0 log(US dollar)
101g
4 LCP FEMAT|SHE Sog IMF 0 log(US dollar)
5 ENERGY OllLAX] AH|ZE WDI 0 0 0 log(kg of Oil equivalent)
6 FPCT SR AHH|IE WDI 0] 0 0 %
H: High
WD2Q| =71 ZRleE L: Low
7 ELEVEL o WDI 0] 0] 0 UM: Upper Middle
LM: Lower Middle
8 GDP 101 GDP WDI O O 0 log( 2015 US dollar)
(271 2 ol og(constant ollar

3. 7Hx 2 4SXE gut EM 2

o2

7& Akl aik= 819 7| &5 9=f(absorptive capacity), OlUA] A%k 9l
ZEslH(Xu et al., 2023; Liu, Ma, et al., 2022), °|¥
gt 8RIE2 719 A5rE) s AdEo] ek o] v s o o, At 7|&
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A Fo] wgt viZol| rA= A HE F7IA FEHOE e O 4 3
IASTE A 7[eS A2 IS 25+ A0 71e WAgle] 283 Al
A A4 7IRkE Haskal Sl B, AAE=E 71eS pYsteee AFAQl oy 4

Z AZo 7 olojz]7] ofHL #+x4 IHAE 7 4 UtHLiu, Ma, et al., 2022; de
Chaisemartin & D'Haultfeeuille, 2020). THH *

£ oA Aol Basitt AR 7|&
F i & wnf S 2% S7kE, 9 3 B9 giAlE 1ASSY A2 ol 7ks
o

NH, 5jeje] ool Agkh 714
‘]

749 1 97 R 2IX7} Aokt e SR lsReR) A5 Sste] i s
(Fo10) BN ARG WEGhS AT I ABILh B, 257 UL T
Boh 4 A AL S0 e AuHge 4tk BH, 71é B Wk

(
.
il
N,
1o
mE
o
fto
|
i
K
N,
n(*)
2
yus
W)
—Ll
é
_L:
rlr
F>
N,
>
>4
i
o
18
(e

B, Model C& 2&L Easly thad} Zo] Asxe 72 Bt}

®) CHdpc =a;+7,+BLCPFZ_ + Z 32g D xLCPFE ) +8,X +e
4
® CH4pc =a;+7,+BLCPFS_, Z ﬁzg D xLCPFY ) +8,X +e

4
(7)  CH4pc =a;+7,+B,LCPEH_ +Z£2g D xLCPE# ) +8,X +e

(5), (6), (7)2 ZZF Model A, Model B, Model C9] A28} x3t i

oie =7 IFAH, = Ak AHATE Uit Aga Ve AlE F ¥
17] AR AEs o @z &249%, $YgHske, $9). £510F Hu@asT g=1
< 7|EHFE %), XE BANS HEE Ansith



82 BN HM3W H15

B1< 710E] MAEHHNA Ak 71% AE Folo] ek w2l gt 71273
ARIHE Yehie, 2k 7} £50% 9] 719717 TAS Hhe] Lokt Holrt theA]
£ Ukl Aolojch. meby A51E g0 A SAINE thet ol A 4 9t

©®  fracdCH4pcdLCP |, =B, + 8,

= = 45 a7 25050 uE sA%CE §9
9 4= Qe 7IERTE AAESHE Ao ALSS(1), S5t
AEF(M), SH4E5F(UM) 24249 37t 1455 tjH] oj2A DR =A1E siAskl
ot A570F E5+= World Bank®] 7]&(GNI per capita)ll WEH, &4 7|7F 5 A
ol WEet =7HAAY 2.66%)= FHRZmode)E 7IEo® ISt ARt
(time-invariant) |2 A 2{5F3ict.

2 AoME £t wid dlole 89 w1 ZAU AR Y ofs =AIE 11
sto], ofs A" (Multiple Imputation by Chained Equations, MICE) & PMM%41&
Bl ASXE diAskL 107119 tiA] Hloly A& skl T dARS Al T 5
U= AR ESAGE W FHUE =S4 St 2 4505 AA Al A
ot 71 SAA g ABEAY Y22 ALsHH(Wooldridge, 2016) Tt HHAH 27
A= Rubin’s Rule o w&h 2ghd $4FE ARSRITh B 242 STATA SE 19.58
&3 Asch

olE B3l A" Ve
ES

J[ﬂ
[

i
e

==

V. &4 23}

1. Iid QoY 2= F2 #F 2y

WA 2 AEe] AEgs 47 S8 sheAT AAS A6kt B3 F40 IA
g dlolg9 SA4 542 gRlsky] fsi vl 7K AR AS st
Maddala & Wu(1999)9] Fisher-ADF A& &l 58 ¥9] @9 oRE
EA4, Wooldridge(2016)2} Drukker(2003)9] ¥ wet FE g 7ERke] 14} A7 A33S
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ARSI AR, Greene(2000)2] Modified Wald AR O 2 158 o|EAN &4 oHE
SRIstAT}. YA, Pesaran(2004)2] CD HA O = It 43S Aot oAkt 2}
AR ZA 9 S5l Yol =7 5 SF8AH FTF 2 X clustered standard errors)&

Agstor, Jad el ti3sh] fs 9 LIS Xt ofd IHEY} KPS

il

N

>
ol

2) |2 ©elZ Ad Zn

Q14 wieol Teh T DI B AT LIMP Wo] Bhglato] EAfsl Aow 1t
ERon] g wige] 14 A Wg QPgHel ZloE ek,

H 2) I3 o2 AY Zn

A2 4
G ZH P (x) z L* Pm ool 2y A
CH4 No 0.0009 0.949 0.6895 0.0004 -
CHAA X2 Yes 0 0.0013 0 0 QFEE(FEAM)
LEXP No 0 0 0 0 OrH
LIMP No 0.8933 1 0.9992 0.8906 S
ALIMP No 0 0 0 0 OPER(17+ RH)
ENERGY No 0 0.324 0.0024 0 -
ENERGY(AIXIZE! Yes 0 0.0075 0 0 OPE(FA)

Note 1 : 1X} AIXIE X&%t & Dickey-Fuller(ADF) 317 248 7
Ho: 2= D0l THe20] ERHettt.
HT: HOi= sitol THd2 Fdds LEfT
Note 2: P = & 7I0|ME SH2; Z = & 7 84 L* = 9 23 84 Pm = 238 F 710|HE SAZ.

o 727t 2 ZRANY100), PmO| MSE== SHZOICE
Note 3: A= 1&t At2E UEfHL 2E RR0|= IE Bx0| ZECE “FA ZHOI= ARZE FAZL Ft2 20
Ijg 4= = 17574(CH4, LEXP, LIMP, ALIMP); 1617H(ENERGY).

=
0
o
4
o
0
@
40
ogt
i
40
ru
oy
ox

3) Rp7|ake, Ol24t ETH M
A7V, ol Wekd A A%, A1, o)RAL ¥

Sl o= Uehith ol Qs Wtk BAIZ 25 99 %
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- PR

Hg3le] £HE 5

ST M3H M1

4 mIE 2

=

H 3) X718, 024, ST du

Foto] 2Aeksic

= FERSHAY 7|1E Azt S0l S
A7 et F= 341.585 Prob ) F 0 ESN| 4 BE 2 Xt HE
chi2 (158) = . -
JEN; ES 27 BE 27 bSt=)
[t 6.36429 Probychi2 0 = A BE 2F QX Mg
ST A CD = 7.066 p-value 0 ESY oA 1F &0 F7}
< Hd
2. '3 |_—-||
1) 32N ZAat shM
(B 4) 312N
= (1) 2 ®) @) (6) ©)
Main Analysi R Analysi
Aﬂ_z_ s ain Analysis obust Analysis
= Model A Model B Model C Model A Model B Model C
—0.144%** 0.010 —0.144%** (0.006)
= gt LEXP_I1
(0.046) (0.009) (0.046) (0.008)
Base Base
H # LEXP_I1
0.210%** 0.188***
L # LEXP_N
AE (0.046) (0.045)
e 0.159%** 0.143%x*
LM # LEXP_I
(0.046) (0.045)
0.110** 0.108**
UM # LEXP_I1
(0.048) (0.048)
0.008 0.019 0.010 0.015
Z gt LIMP_I
(0.012) (0.033) 0.011) (0.032)
Base Base
H # LIMP_I
-0.018 -0.006
L # LIMP_I
A5 (0.038) (0.034)
BEE -0.019 -0.011
LM # LIMP_I
(0.036) (0.033)
-0.015 -0.007
UM # LIMP_I
(0.034) (0.034)




MEL 7IE HZE 0| HE HiE AR OIXls =71 2505 € 012

AN St B4 <« 85
T (1) ) (©)) @) (6) 6)
M|t s Main Analysis Robust Analysis
=T o
= Model A Model B Model C Model A Model B Model C
-0.331*** -0.351***
S = LCP_I1
(0.062) (0.060)
Base Base
H # LCP_I
0.613*** 0.567***
L # LCP_I
A (0.063) (0.060)
BEE 0.431#x 0.390*
LM # LCP_I
(0.061) (0.060)
0.329*** 0.313***
UM # LCP_IN
(0.069) (0.067)
0.177**% 0.190*** 0.162*%** 0.135*** 0.144%** 0.135***
ENERGY
= (0.039) (0.040) (0.035) (0.034) (0.035) (0.032)
iy c 0.00972%** 0.0107*** 0.00802*** | 0.00937*** 0.0102%** 0.00795%**
FPCT
(0.002) (0.002) (0.001) (0.002) (0.002) (0.001)
274 0.584%* | 0627 | 0457+
e GDP
=T (0.090) (0.092) (0.088)
—21.32%*% —21.64*** -20.98*** —25.84*** —-26.45%** 24 46***
HH Constant
(0.288) (0.304) (0.274) (0.750) (0.760) 0.731)
Standard errors in parentheses =“* p<0.1 ** p¢0.05 *** p¢0.01"
2 QAFolE S S o) DY 29S AUsiglon, oY 14as 2y
2 B8] Wrlel o] oIS EAR 1A v AT AN} £ A B8-S

F7Fsto] Mgt 71€9] 7o) A= e auts W7 AR At S W
stof ZAsHTh

Model A, Model B, Model C B5 Zp7|AJ, oAl Jchd AJ3o] BA|7} ZAet3e
B2 34 724 oA 183 AT AAste] s ZA|A WAYS
EAE 2351t

Model A+ AgA 7|& +E29%59 A5TIFE 95 YEhdth 5 &3 main effect)
LEXP_I1 = -0.1440]22, 7|&&H, 14A53)0A 103 A4 7|4 AE 20 1%
S7FohH 1919 Mgk viEo] 0.144% TAJITE HAAS)OIA Agth 7e $E&9%]

245 A0 Wi e B D} HABS ¢ 4 k. I, g2

= =




86 »r BHRNT X3 H15

Zto|7} gEotA Eefsitt. A4e2g0 7|E IF tiH] 2ol ASE HH, LHAER
AL Al%gho] +0.21002, AA| 7]1L7]% -0.144+0.210 = +0.066 ©]t}. o= AAEZI]
Me & Z7PF 25|19 vEt siE&e Z7MA7E Wo g 283hs Yehdch IMGEstA

5) IF0AE Alsgto] +0.1590182, AA] 7]&7]= +0.015°%, gt vig a3p7} A
Ax; A UMGEAAS) I8IAE HIASS) g Aol7t =gt Aleghe
+0.11002, AR 7]€7]= -0.0347F it} 75 837} HAASS) tie] sk A ¢
F ol & AgA 71 AR 2% Wg viE A5 5k 1ASS4 7P ot
1, A5F0] WoldLE ot Bi= AHEE AFo| YUtk ol ALSH2 Aoh V&
< FEoEE A= Wi Aeta 71s WASH YA o] o]fofAA] gke & S-S
ARITE S, A BRoIAE Algto] -0.144% ol Yehhth A A5Fd
T2 2jolg K| 9J5 GDP ¥ F713t Follz A7t A9 SYstA |A= HA4
E)oIA A 1917 Agka 71& AlF $20] 1% S7Fhd 1909 CH47F 0.144% 4
opH, o] A3k= GDP +5& BAIRE Fol& g A 0=R vepdtt. a4d oA L
159 ARG AS7E 0.210014 0.188F AZ ZAGH Wk} 8-940] §A|Eo] 7}
71/go] ERIHEh &, A50] FESE 2970 A & A508 AAEA] P 12
2 A7} GDP BAI9 FdotA 4ok o0& & 4 Ytk

Model BE AgtA 7|& AR $YEARIA)9] £A5T05E a9E #4615 5 a7
Ag= 0.0075222, 7IE1FH)0NA = #3ke9] aart fookA] Uttt E3t 4%
22 A% 1(-0.018), LM(-0.019), UM(-0.015) & 32514 932 Aog Uehdt) =,
etk 71& A Y] Wekg2 o]k AETIRAAE gk viEol Rt 4k wAA|
=t ol B4 £}) WsKAHD)7H HiE AE R olojR= APt BAHOR SR
A g ougitt. AgkA e =49 APt UEEE o 71 Azl FaskAY
(longer lag) =9 & AAET 7|&9] A44 &8o] 5832 AARITh E3 344
BPNE BE TG A7t TH O R [ofobA] oA ettt @7 9 ¥
det uiEo] f-oJgt JFRS nlA|A] Wkth= Aglo] GDP BA| ol el FikolA U

)

A

_;

o~

0
) ﬁg

AN
Model G & Ag4: Ve AF FAtRe £505E 238 2480 F a9
35 -0.331 22 FA freldel FHREI. VIEIEH0IA & Ak e A FAT
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1% 271 A et & 0.331% @4sk= 202 YR, Model A-0.144)Ect G371 G
A, HIASR)oA & F9u9] viE 745 maprt 7P 43t 202 vepsth a4
BY9] B AS7t 035108 Q5|8 ASrt A3k it Ueydth olg ¥ o,
VAETONA F Agkd 7% AFE TG 1% 571 Al gk ¥iZE 0.331~0.351% HAZ, Al
F8 WHe F 7P A% anE Uehdch

AoAE ASE & 1, LAXS)IENAE A5t +0.61302 Yeht A4 71&7]+=
+0.28200tk. ol= AaEF0lA & 79 F77t 0] HE HiEE o]ojis YERdch
LME3tAS) TEIAME vERHAE A4t +0.431, AA] 71&7] +0.100 & Ueh, vg
HjEo] A% F7kok= 202 UEith g, UMGEHAS) IEAE Alsgte] +0.329
o7 AA 71&71%= -0.002 OF, ofF A2 & Za At AARE AR £EE A0

P o, Agka 7] A 79 S99 v 45 5t 14550

Mgk ZH55kH, Fotas olstolAle 7o g7t @358 HiE S7E AZEE Al A
58 & 5 Ytk o= AAEFS] B9 At V& AES $YsI= AR 719 A
27t WskA] AU, Aga 71 AR £E Gi7 3U oflvA] Akt EejEo] U=
AARRIEE 373 oM E JSahg AleEo] BE A IRASH|T Wt fo4do] &
A= 2& £ 4 oH, 359 Z3Model O)°] Al 23 F 740l 7P Eoh

BASE & wf, ENERGY BliEe= Al 28 2% foglon 1909 ovA] AME S71
Al gt S71= ojolA Vst Amel FUsH 20 R YERdth FPCT W4 E5F A 23
HE foste, R HF 1%p 7 Al HEZIA7E AF F7lele 0= Uy
377 BRI E A7t AF s ekt fo/do] fRIE A Bk 71
H GDP ¥59] B, HE BPoA FHQ] W Herilon fol4do] ZlEit. 191
9 GDP 1% 57t Al gt vi&o] F7fohe A0 Yeht, 45 7P} ovA 44| SdE
ol HiEE 59 A} ovA] ¥iet EejEo] LApHETh

TR E f, Agth V& AF FAY v A5 avke 14850 JSE, &
o] Rokd4E g3t stEAY dAEs i UehEth 99 9] ®ist
(Model B)Et} =&%A7HModel AT} FFG7HModel O)°] T 73t APES BoH, o]
= 71&S AAstAY 28 A7RS 7R H71olA HE HiE 5] AFH o o]Roiy

28 A

f
i
£
&
9,
N
f
ol
i

g
Y




88 > TR M3 1=

T ASS SHAS SoAS PSESS
2EH2HA) 2E(-0.144) oF3K-0.034) AZ(+0.015) SF(+0.066)
+UHEKB) HIR2 Hl22 H29 ]

E29(C) 2=(-0.331) 9r34(-0.002) 24F(+0.100) F(+0.282)

2) 22 SAY oM
(& 6) 2% S 2%
m @ e w e | ®

Main Analysis Robust Analysis
S o=
Model A | Model B | Model C | Model A | Model B | Model C
Two-way Fixed Effect Model wtih Robust Cluster SE
HEX| HEX| T 5070 5070 5417 5070 5070 5417
D M & F-SAH 4.140 3.604 7.167 5.461 4.989 7.385
HPNCES 10 10 10 10 10 10
Ml SAH
HE 2 2% ge g 0.608 0.564 0.447 0.589 0.575 0.509
A W X O,

0.368 0.379 0.348 0.3562 0.361 0.339

Q4 IM 1.002 0.826 1.649 0.529 0.581 1.108

o(rho) 0.881 0.826 0.957 0.693 0.722 0.914

B AT 49, 7H & B Hl80] 0.4~0.6 £FOE, 518 7FsS ol YR W
0] A= HlEo] Eot MI 49| 4ol TAIT &= Aot &4t 74 849 B, A
U @A} 378219 - gtol A2rE =7 Ul 2P (within)2] Aol =rt. 1 7iA]
b eAe] F7gx]9] ¢ =7hE o] 2718 YehliH, =7t 2t B (between)S] A
s Uetdnt. o] &+ gro = S diAl(e(tho)E ARt o= 31, 0.5 oVdd Al &

2t ApolofA BiREER 1 a¥t B9 A= Bgide St

SRR & B3 F-3AFY ¢ e BPoIA fFoItt Zo® HERIT AT
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Main Analysis Robust Analysis
oiE Model A Model B Model C Model A Model B Model C
1991 Base Base
1992 Base Base -0.0413 Base Base -0.0334
(0.0319) (0.0321)
1993 -0.0102 -0.0117 -0.0505* -0.00707 -0.0082 -0.0384
(0.0316) (0.0218) (0.0286) (0.0291) (0.0205) (0.0275)
1994 -0.0918* -0.130%** -0.102* -0.0822* -0.1156** -0.0848*
(0.0501) (0.0490) (0.0512) (0.0482) (0.0470) (0.0470)
1995 -0.0924 -0.135** 0.0017 -0.0982* -0.136** 0.00508
(0.0597) (0.0580) (0.0394) (0.0579) (0.0557) (0.0381)
1996 0.0502 0.0221 -0.00761 0.0191 -0.00778 -0.0126
(0.0406) (0.0380) (0.0397) (0.0406) (0.0378) (0.0392)
1997 0.0619* 0.0271 0.00921 0.012 -0.0221 -0.00517
(0.0361) (0.0299) (0.0382) (0.0368) (0.0312) (0.0375)
1998 0.0477 0.00524 -0.0287 -0.00832 -0.0495 -0.0499
(0.0403) (0.0371) (0.0428) (0.0427) (0.0399) (0.0432)
1999 0.00363 -0.0346 -0.0586 -0.0608 -0.0988** -0.0793*
(0.0436) (0.0390) (0.0426) (0.0447) (0.0405) (0.0420)
2000 -0.0125 -0.0557 -0.0626 -0.0918* -0.135%** -0.100**
(0.0493) (0.0440) (0.0458) (0.0501) (0.0447) (0.0450)
2001 -0.024 -0.0638 -0.0682 -0.112** -0.163*** -0.116**
(0.0469) (0.0430) (0.0450) (0.0481) (0.0442) (0.0451)
-0.0404 -0.0753* -0.0712 -0.137%** —0.174%** —0.124%**
2002 (0.0483) (0.0428) (0.0443) (0.0508) (0.0461) (0.0451)
2003 -0.0628 -0.100** -0.102** -0.174%* -0.215*** -0.168***
(0.0472) (0.0428) (0.0454) (0.0516) (0.0477) (0.0475)
- 0.00163 -0.0379 -0.0482 -0.132** -0.177%** -0.126%*
(0.0511) (0.0481) (0.0500) (0.0563) (0.0530) (0.0525)
2005 0.00141 -0.0422 -0.0573 -0.148** -0.197*** -0.141%*
(0.0544) (0.0511) (0.0528) (0.0606) (0.0576) (0.0559)
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o O] )] ®3) @ (®) ©)
Main Analysis Robust Analysis
Q= Model A Model B Model C Model A Model B Model C
2006 -0.021 -0.0628 -0.0899 -0.197%** -0.240%** -0.183%**
(0.0574) (0.0533) (0.0548) (0.0646) (0.0607) (0.0586)
2007 -0.00466 -0.0533 -0.0723 -0.198%** -0.254%** -0.181%**
(0.0605) (0.0558) (0.0581) (0.0678) (0.0635) (0.0614)
-0.0827 -0.139%* -0.154%%* -0.283%** -0.347%** -0.258%**
2008 (0.0590) (0.0542) (0.0578) (0.0676) (0.0633) (0.0620)
-0.0564 -0.113* -0.154%* -0.245%** -0.308*** -0.240%**
2009 (0.0627) (0.0571) (0.0639) (0.0693) (0.0647) (0.0661)
-0.0745 -0.124%* -0.175%** -0.275%** -0.333%** -0.274%**
2010 (0.0612) (0.0582) (0.0626) (0.0702) (0.0674) (0.0662)
-0.114* -0.157%* -0.212%%* -0.326%** -0.379%** -0.317%**
2om (0.0665) (0.0616) (0.0655) (0.0749) (0.0706) (0.0690)
-0.0921 -0.143** -0.207%%* -0.317%** -0.378%** -0.316%**
2012 (0.0674) (0.0629) (0.0683) (0.0762) (0.0723) (0.0716)
-0.102 -0.150%* -0.226%** -0.337%** -0.396%** -0.340%**
2013 (0.0679) (0.0644) (0.0687) (0.0778) (0.0744) (0.0724)
2014 -0.132* -0.175%** -0.256%** -0.375%** -0.430%** -0.377%**
(0.0698) (0.0666) (0.0704) (0.0795) (0.0765) (0.0743)
-0.152%* -0.199%** -0.285%** -0.407%** -0.460%** -0.408***
2015 (0.0714) (0.0680) (0.0727) (0.0818) (0.0788) (0.0768)
-0.140* -0.186** -0.268*** -0.399%** -0.457%** -0.400%**
2016 (0.0752) (0.0713) (0.0743) (0.0871) (0.0835) (0.0793)
-0.136* -0.184%** -0.267%** -0.407%** -0.468%** -0.408***
2o (0.0746) (0.0703) (0.0750) (0.0866) (0.0829) (0.0801)
2018 -0.135* -0.188** -0.2671%** -0.419%** -0.485%** -0.410%**
(0.0758) (0.0723) (0.0762) (0.0879) (0.0847) (0.0817)
-0.104 -0.155%* -0.233%** -0.394%** -0.460%** -0.383***
2019 (0.0777) (0.0736) (0.0779) (0.0900) (0.0868) (0.0837)
2000 -0.189** -0.242%** -0.322%%* -0.440%** -0.504%** -0.4471%%%
(0.0786) (0.0740) (0.0798) (0.0878) (0.0841) (0.0826)
-0.137* -0.191%* -0.262%** -0.415%** -0.482%%* -0.405%**
2021 (0.0798) (0.0758) (0.0812) (0.0899) (0.0868) (0.0846)
2022 -0.124 -0.184%* -0.252%%* -0.417%%* -0.497%** -0.400%**
(0.0784) (0.0746) (0.0801) (0.0910) (0.0877) (0.0848)

Standard errors in parentheses ="* p¢0.1 ** p{0.05 *** p<0.01"
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ABSTRACT

Heterogeneous Effects of Low-Carbon Technology Product
Trade on Methane Emission Reductions Across National
Income Groups

Soo-Min Hong*

This study examines methane (CH:) emissions reduction factors analyzing the
heterogeneous effects of low-carbon technology product trade across national income
groups using a Two-way Fixed Effects (TWFE) panel model. The results show that among
the one-period lagged low-carbon technology trade variables, export volume and total
trade volume exhibit a negative effect on methane emissions, whereas the growth rate
of import volume yields statistically insignificant results. The income-group interaction
analysis further reveals that the emission-reducing effect of low-carbon technology
trade varies heterogeneously according to a country’s income level; this pattern holds
consistently across robustness specifications, suggesting that differences in
technological absorptive capacity shape the magnitude of the reduction effect.

This study contributes to the academic literature by empirically identifying the
determinants of methane emissions through the specific channel of technology
diffusion via trade. From a policy perspective, the findings demonstrate that
international cooperation and proactive low-carbon technology trade policies are
effective in reducing methane emissions, yet are subject to constraints tied to countries’
income levels. The study particularly underscores the need for multilateral cooperation
frameworks that incorporate technology transfer and financial support mechanisms
targeting low- and middle-income countries with limited technological absorptive
capacity.

| Keywords Low-carbon technology product trade, Two-way Fixed Effects Model, Panel
regression analysis, GHG reduction

* Ph.D Candidate, Department of International Trade and Logistics. Chung-Ang University,
alexxhong06@cau.ac.kr
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201595 E 20249714] o|AHA] 7IA AR B 8 $59] 22Y 9 % HY,
229 oZA] AR Y i Al FHEe FolE Hth MsA(HS 38247 &
2ot B EeRAE EHS 392002 B4 717 et 24 w2 £ FRE AAsL
Uk, Mg o] AR EZof sfdsh= HS 3824.999F Eajul & Al EE(HS 3920.10,
HS 3920.20) FA] A71H 02 F7kol= P2 YERH, olbdA] 7HIARE W $1t 9
o] AlEeHE FESAE WY 7 S U2E EIT & Qloh T, S5 4
(HS 3801)= e &5l s 9 Fi+= dhFoE ZA|gt, E4712Fst A% 571
FAIE Btk 2 MR sfidel= SHAIHS 8507)2] % w4 713t Ayt 24 4
o I TS b BaS HolH, 2829 o|AbdA] APgolA F AlEl gt
F87t A&Hog g1 Qick

(E N1-2) 22 OIXITX| AIZQ| ¢ g

THRl: EHEr &

HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

3801 1,882 1,712 2,173 2,987 2,920 2,597 3,427 4,536 4,294 3,469
3824 36,378 | 36,167 | 38,661 | 42915 | 40,2568 | 42,120 | 51,662 | 55,862 | 55,729 | 50,374
382499 - - 28,697 | 33,401 | 32,300 | 34,963 | 44,791 | 49,620 | 50,349 | 45,525

3920 52,643 | 52,182 | 56,636 | 60,393 | 58,896 | 58,521 | 71,029 | 71,719 | 62,480 | 61,508
392010 | 13,826 | 14,060 | 15,142 | 16,048 | 15,628 | 15,448 | 19,334 | 20,390 | 18,066 | 17,751
392020 | 9,288 8,907 9,706 10,210 9,807 9,554 12,101 12,733 | 10,293 | 10,509

8507 35,184 | 37,197 | 44,941 | 53,178 | 57,897 | 65,881 | 94,131 | 127,951 | 157,736 | 144,171
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(& -3) 017 OIXPHX| AlFel ¢ g

TPl Wt Sy

HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
3801 137 126 188 445 545 310 376 646 576 479
3824 2,892 2,680 2,454 2,808 2,728 4,135 4,647 6,621 8,118 6,523
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HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
382499 - - 2,152 2,479 2,473 3,927 4,210 6,300 7,856 6,245
3920 4,422 4,380 4,755 5,185 5,105 5,259 6,468 7,480 5,864 6,538
392010 | 1,371 1,366 1,539 1,705 1,623 1,703 2,177 2,444 2,168 2,356
392020 786 809 841 896 867 848 1,151 1,380 919 1,123
8507 4,757 5,292 6,979 7,851 8,103 9,469 15,172 | 23,910 | 29,773 | 32,436
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$H0.0¢TSIK0.5) H]Z--9, A SHA(TSI=0.0) 79, 3 24F3H-0.5¢TSI{0.0) B
&9, B8 vl RK-1.0<TSI<-0.5) AHEH=Z T2l & 5= ATHILFT 7413
Elgl, 2020).
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B V-1) $t30| ROIESIXIA(TS) 24

HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

3801 -0.87 -0.80 -0.88 -0.60 -0.44 -0.39 -0.45 0.1 0.33 0.47
3824 -0.63 -0.58 -0.50 -0.51 -0.52 -0.51 -0.23 -0.16 0.64 0.63
382499 - - -0.50 -0.51 -0.52 -0.562 -0.26 -0.18 0.64 0.63
3920 0.62 0.61 0.568 0.61 0.65 0.64 0.64 0.66 0.56 0.34

392010 0.27 0.35 0.21 0.30 0.51 0.46 0.64 0.68 0.75 0.69
392020 0.85 0.86 0.77 0.84 0.91 0.89 0.92 0.95 0.95 0.94
8507 0.73 0.85 0.94 0.94 0.92 0.96 0.96 0.93 0.95 0.97

X2 1 UN comtrade FHE| HIO|EIS 02510 XX} At

2) &= FAEK|s EY

20154 F=9] u|= RAYESRSXTSDE B, 2= 2AHS 3801)= FH
0.5¢TSIK0) {IAofl loH, ZA(HS 3824)7 AsfH] MF FE=(HS 3824.99)
okt = B o9 ORK-1.0<TSI<-0.59] HIWEZ epstct. Eejut T3 Seka
g WE(HS 3920)3 T AJF EE(HS 3920.20)2 A oFet YA sgstI ot HS
3920.10-= 349 ATHOTSIK0.5)9] B9 Wegt. ¥Hd SHA|(HS 8507)= B4
g o 49H0.5<TSI<1.0)9] HUl9-9Z Lehdch

2024 S92 inl= FAESAGXTSDE BH, 5= 2AHS 3801)= AR ¢ 4
FHO.5<TSI<1.0) ¥|X|oll Yepom, Eejdt I ZepAE IE(HS 39200 9 224t #
H AR FE5(HS 3920.200 FAY ZTHOCTSI0.5) 2R o]ttt HS 3920.10
A AR - 239t 1ol sidehs A oE UeREt W AsiA(HS 3824)7 A
O AR FE(HS 3824.992 BAY I 1t dfidol= 2R UETh SHAHS
8507)= &4 717t Aol 22X AR v A9 kS /AR A0E YEhylh
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f

rlo _IEL
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HV-2) 30| SUESITS]) 24

HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

3801 -0.04 -0.07 0.03 0.35 0.57 0.54 0.56 0.76 0.71 0.72
3824 -0.29 -0.33 -0.32 -0.29 -0.42 -0.51 -0.26 -0.18 -0.17 -0.23
382499 - - -0.39 -0.36 -0.45 -0.563 -0.35 -0.18 -0.18 -0.23
3920 -0.28 -0.24 -0.22 -0.23 -0.31 -0.20 -0.25 -0.05 0.04 0.07

392010 0.18 0.30 0.36 0.40 0.31 0.49 0.49 0.58 0.68 0.63
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HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
392020 | -0.30 -0.46 -0.47 -0.35 -0.19 -0.15 0.02 -0.03 0.12 0.15
8507 0.81 0.82 0.84 0.84 0.90 0.85 0.95 0.98 0.99 0.99

A& UN comtrade £LEX GIO|EIE 018510 XXt Hl4Hcomtradeplus.un.org)

Hhbdo g F=r2 ul=k AR oA 20159 tH] 2024W 0= 2= AAH(HS 3801) 2
Zat #5 AlE ZE(HS 3920.10, HS 3920.200 408 39| thu|a LAED A
(TSD7F A5 vHd, A HHS 3824)2 H| WG o] HEZEE FAo] A&H AoZ Yet

3) Y2 RoSIRL BN H}
201549 9| o] RASHANTNE B, 23 2AHS 380DE A S %

FHO.5<TSI<1.009] H|2-*-A= YeRdth HsiA(HS 382402 3788 ZFTHOCTSIK0.5) +
7ol YRI5t o, HsjH] Al FE(HS 3824.99)% AR g 110l sidsl= A2
2 Uehdc Eejeh g Sehad "E(HS 392002 AR A% i) Fgsilon
AR 591 HS 3920.102 B F8K-0.5¢TSIK0)9] v B Lol IAI5k%ct. ¥HH HS
3920.203 SHAHS 8507)= A w4 FIOR et

20249 L] tjuls FASSIARNTSDE BHE, 25 24HS 3801 A8 4% +
o= shEtsiion], Asf(HS 3824)T A2 AR FE(HS 3824992 3488
4 FAT Zo® Yelkth 229 ¥9 F5 F HS 39203 HS 3920.202 7374E

Lr_L

% WA A ke e 70l SielRio, Hs 3920.108 B4 4% gtoR
o15T Ao BT FHAMHS 8507 £ V1% W] 2A AU WS A
T fAA,

(B V-3) Yo RUESIK|N(TSI) 24
HS 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 | 2023 | 2024
3801 0.61 0.52 053 0.66 0.48 0.66 0.63 0.66 0.37 0.10
3824 0.07 0.17 0.20 0.18 0.19 0.19 0.27 0.20 0.18 0.25
382499 - - 0.22 0.20 0.21 0.21 0.29 0.22 0.20 0.26
3920 0.16 0.21 0.1 0.18 0.16 0.17 0.32 0.22 0.18 0.21
392010 -0.42 -0.32 -0.37 -0.21 -0.30 -0.03 0.21 0.17 0.33 0.43
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HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
392020 0.79 0.81 0.78 0.82 0.84 0.83 0.85 0.83 0.88 0.84
8507 0.76 0.79 0.87 0.89 0.73 0.90 0.93 0.85 0.85 0.90

A& UN comtrade £LEX GIO|EIE 018510 XXt Hl4Hcomtradeplus.un.org)

N

AH| 2 R9IX|=(SRCA) &4

ojujo] S7hEs Aolsb Uehit 2Edel gele 37 0 Ae HLey)
o] 2jojo] Siek. FARAN MTEA 25 BAS /N0 T Rt A4S 5o}
S, % 7P 94y E8E+= AHE= BalassaZl AAGE FAEZL-YRCA:
Revealed Comparative Advantage) X|4=°|tHBalassa, B.,1977). RCA A5+ AlA| A
FEAFONA 54 F50] ARsk: Bl HE 571 E0lM Y F50] AAshe
Hl52 Blatozy, sig =719 £4 F50l ditt AdE = BAgS S8k

X,/ X
U X, /‘Xvwd

wj

RCA; D

o7|A X =7Fi9 5 ol it &9, X, = =719 AA &, X, AAY
5 52N, X, AA QA 228 gulgith. YREH o= RCA o] 12t 39 sfg
=717} g E50lA HlRe-9E Rt gleg oJulgith
RCA A== 0|1 3)4o] Lolslth= o] Lok, A4 ghol 0of|A] F-glti(co)
7HA] Fsto] wet w9910 F=g Ao R vwsh: b A et So] =
7t 9 B85 7 vaoflA] Skl gro] yeld A9, vl Axe] sj4o] g rheAdo]
k.
olgigt SHAIE Hdd] 5] 712 ATl RCA ASE A o= HEksh FAH
2] Z43(RSCA: Revealed Symmetric Comparative Advantage)S &-&3f HtH(Datum
EU ar., 1998). RSCA A== 1941 1 APo]9] & 7FA™, RCA Ftol 191 7% RSCA=
0, RCA o] 15t 245 RSCAE ¥(H9] gk, 150 24255 209 3= 2 €.
olg Bl H7F 7t € 5 7 v|w--9]9] A F719t WS Bt oMY o R v

% ok

e}
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i~ kea,+1 @
B AFAA RSCA A5k BAHOR HAY B -9le] o] Sk ABAS A
2 315, oA AR TR T2 BHAA Bl gt BRY BY mPE 28
). Z, RSCA A5 8 B8 520 Yed v|neoie 2ok 8 27 %1, 7}

AR 7 AR S 7 AR Tt olgA WAEle] YEAE M- Slske )
mjo] 9ic. olejet Welo] A B QI RSCA A48 HAIAS WA AAEe) 727
HIEE 9ok B4 7R s, ol AgA SAolaurks B4] Bao] B a4

J] A&Ue AT & AFolAe I 2 492 BRste] Bludd, SUEH, F

I IV-4) SRCA X|:3to] 7ZiE a4

e Rigztel 72t 72t 54

HZYS -1 <RSCAXI(-0.5 SalEi0] UKl T T2 0I5 7540l W
s7129) ~0.5<RSCARI0 SSIEi0] UKl 4T T2 OIS 7540l =
57199 0<RSCAXI40.5 S50} 9D 77 OIS 50| &S
B2 0.5<RSCAXI4<1 oHHOZ SalE0] U= 47

Az 2SR, QU0 AIFOIA BF-F-0] +5432 =HMEYH Hlu 37, p.10

1) $+=9| SRCA X5 24

A, FAH IR RCAYE AFESH] A1(2)0l HA] 7Hasto] A2 AAH] 9914
$RSCAE AFEsoirt

2015 319 thu|= SRCAE AHEH, S5 AA(HS 3801), AsiH(HS 3824), A3
HOJ Al FE(HS 3824.99)2 S 11l sidols AoR yehyith Rt 3
ZetAE "E(HS 392002 S-9 7ol siFata o, AR E5 3 HS 3920.102
9] 7L HS 3920.202 F3He-9) #7ko 2 vERgeh BhE E2R|(HS 8507)= 3t
29 WA ¥l 7] sfgdole AR FRIFI

20249 ¥=10] thu]= SRCAE HH, &= £A(HS 3801)& FXH9-9] #XH0 & o]53t
Z 0= Uehgltt, HsfHHS 3824)2 HHO] AlF FEHS 3824.99) H|L--91(0.5<
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SRCA<1) 77t dfjgsh= A2 SRI= It Eajut #H F5 F HS 39202 579
TS FABFR oM, HS 3920.102 S 741, HS 3920.202 S7H-9 -1t s
SH= Aog et ZAXHS 8507)= E7H-9IE YEhit)

B IV-5) §t12| SRCA Xl BME

HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
3801 -0.12 -0.18 -0.36 -0.42 -0.37 -0.15 -0.27 -0.18 0.06 0.34
3824 -0.14 -0.10 -0.15 -0.12 -0.1 -0.10 -0.04 0.08 0.73 0.67

382499 - - -0.05 -0.05 -0.04 -0.05 -0.01 0.10 0.75 0.69
3920 0.28 0.31 0.35 0.35 0.40 0.38 0.26 0.22 0.18 0.19
392010 | -0.16 -0.13 -0.20 -0.18 0.10 0.01 -0.04 -0.04 -0.09 -0.17
392020 0.07 0.00 0.01 0.15 0.18 0.11 0.00 0.12 0.24 0.15
8507 0.49 0.55 0.62 0.65 0.57 0.58 0.67 0.65 0.62 0.50

X2 : UN comtrade S HI0|EHS 02510 XXt Hikcomtradeplus.un.org)

Autdog & o 3H29] tjul=t SRCAE 20154 tjH] 2024F0f M3[AHHS 3824)S =
Aoz H|po9a o]xo] FelEglom, AR HS 8507)9F Hajut T ZE(HS 3920,
HS 3920.10, HS 3920.20)2 3791 o149 AAY Ao f-Aok= A= Yelsitt

2) £329| SRCA X|&= £M

20159 =] thu|= SRCAE EH, 2= 2AHS 3801)= SH-9ol sidsts A2
2 etk A AHS 3824) 1 AlF F521 HS 3824.99= FHE 910l 914
2ot B EehaE GEHS 392002 HS 3920.102 S7A90l sfdatalon, HS
3920.20:% Bl E(-1<SRCAC-0.5)= YEFgt. ¥ SAX|HS 8507)= SH-H= o
ERetTt.

20249 S=9] divl=r SRCAE HH, &= 2A|(HS 3801)= H|-9-(0.5<SRCA<]I)
2 olEgt Aoz Yepth AAHS 3824)7 Mo AR EE(HS 3824.99)F 57t
H9lel sfigots Ao RIS ot # F5 5 HS 39207 HS 3920.102 3t
AE FASIF L™, HS 3920.202 H|ZEol HX|gt Aoz ettt FAXHS
8507)= B2 YEFT

ol
38
o
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(B V-6) 32| SRCA X EME

HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
3801 0.37 0.31 0.23 0.20 0.36 0.38 0.43 0.50 0.56 0.58
3824 -0.03 -0.08 -0.09 -0.02 -0.13 -0.20 -0.04 -0.02 -0.14 -0.20

382499 - - -0.07 -0.02 -0.10 -0.17 -0.08 0.02 -0.12 -0.17
3920 -0.33 -0.28 -0.24 -0.26 -0.32 -0.33 -0.39 -0.31 -0.16 -0.16
392010 | -0.26 -0.21 -0.19 -0.19 -0.24 -0.23 -0.31 -0.23 -0.06 -0.10
392020 | -0.67 -0.68 -0.66 -0.62 -0.66 -0.70 -0.70 -0.70 -0.63 -0.63
8507 0.21 0.17 0.07 0.11 0.22 0.20 0.27 0.41 0.49 0.561

X2 : UN comtrade S HI0|EHS 02510 XXt Hikcomtradeplus.un.org)

At oz B o, 9] gjul=k SRCAE 20159 thH] 20240 2= £A)(HS 3801)
o SHAHS 850705 FHOE HW-9] O] ofFo] Zele wHA, HsfA(HS
3824, HS3824.99) W E¥]9 ¥ ET4AE TE(HS 3920, HS 3920.10, HS3920.20)
S99 E= v gQo] HEEE 127t A&E o YRt

3) Y= SRCA X|& £AM

2015 YE9] tju|=t SRCAS EH, 2 A (HS 3801)= Hlw--9lo] digdsh= Ao
& UePdth AsiH(HS 3824)2 7910l AAXsHoH, AlF F521 HS 3824.99 FA|
-l sigohs AR vehdth et B SekAE BEHS 392002 Sl
oo, Al F521 HS 3920.102 Bl Aol IXIatict. g8 HS 3920.202 %
ZHe-9oll FFstA.om, EHR(HS 8507)= BHlE-H= YERGTH

20249 9] thu|= SRCAE EH, 2= 2AHS 3801)= SUEAR o5 Zo=
e As|A(HS 3824)7 HS 3824.99% 57H-9lo] ddshs 202 Yepidtt £
o I F5 S HS 39202 SHE A0l fIRIsHA e, HS 3920.103% HS 3920.20 HA|
Sl sidols Ao YehEth SHAHS 8507)= XEe-9lol sidshs Z210= U

Aurdog & uf Yo thuj= SRCAX 20159 tiH] 2024W0] &= AA(HS 3801)2}
ook I Q8 255 $402 HAPo| H|w oA IR gstEl= 4ol

Ehgtom sfl(HS 3824) B HAA(HS 8507k= S-S FAI5k:s Aoz Yeht
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I V-7) Y29| SRCA X B2ME

HS 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
3801 0.50 0.49 0.63 0.54 0.39 0.44 0.07 0.08 -0.16 -0.11
3824 0.41 0.38 0.36 0.38 0.42 0.43 0.46 0.42 0.26 0.31

382499 - - 0.45 0.45 0.48 0.48 0.52 0.45 0.29 0.35
3920 0.03 -0.04 -0.08 -0.07 -0.05 -0.09 -0.05 -0.05 -0.17 -0.05
392010 | -0.53 -0.50 -0.51 -0.46 -0.47 -0.27 -0.26 -0.32 -0.40 -0.14
392020 0.02 -0.05 -0.14 -0.06 -0.06 -0.18 -0.19 0.01 -0.15 -0.17
8507 0.59 0.61 0.61 0.62 0.563 0.562 0.50 0.34 0.24 0.20

X2 : UN comtrade S HI0|EHS 02510 XXt Hikcomtradeplus.un.org)

V.

i,
rft

£ AT vl ARE dFo R o3 kAR ARLE THAARE IOl BAska, &= &
Z(HS 3801), AaiH & e SISHAIF(HS 3824, HS 3824.99), Hejut ¥ SetAE I
S(HS 3920, HS 3920.10, HS 3920.20), SAX|HS 8507)F THOE Th=-F= U=
7o RS vusigleh. olF s FAESRNTSNS tiAA AAMLe-9fR]4
(SRCAYE E-8319, 5 A HiollA 7P olAA] 7HAAME AR 29 AJolE #4]
SHict

A 23} TSI 71eolA S E2ah AR 53 SHAE SHOE #4717 Ayt
o A4 && $EE3I} 125 Ak T FEAE 22
S0l Hu-9] FEe 29| Heo] £
oA $EESE £F0] Ashd v, Ao A FEAA = HLEY F1to] A&EEe &
g Bt 42 v FR0IA ¥l S FABIL oy, 5= et 47
A FEolMs FHES 3o] AstEl: Aol Uehth

SRCA #4041 = TSI A0 Ueht $253F 1271 A4 Hae-9& M=l
A ol B7} Bk gelelA eyt S Mo T F5I SHAOIA Hlae-9 #1F

< gHsiglon, o9 B FEOIME SRS ol A &
Hoh $92 27 249 SHAE SHE Hwe7t Eeld v, Asjy & Zejd)

T FEoAME SUNE Es v RG] o] MEEE F27F A&EQI YE2 M
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ABSTRACT

A Comparative Analysis of International Competitiveness
along the Battery Value Chain: Korea, China, and Japan in
the U.S. Market

Yi-Lin Zhao*

This study examines the international competitiveness of the secondary battery
industry from a value-chain perspective, with a focus on the U.S. market and a
comparative analysis of Korea, China, and Japan. Trade-statistically identifiable
products along the secondary battery value chain are selected, including anode
materials (HS 3801), electrolytes and related chemical products (HS 3824, HS 3824.99),
separator-related plastic films (HS 3920, HS 3920.10, HS 3920.20), and accumulators
as finished batteries (HS 8507). The analysis employs the Trade Specialization Index
(TSI) and the Symmetric Revealed Comparative Advantage (SRCA) index to capture trade
structures and relative competitive positions across countries.

The empirical results show that Korea maintains relatively stable competitiveness
in selected intermediate materials and finished battery products in the U.S. market.
China demonstrates a high degree of trade specialization across both upstream
materials and downstream finished batteries, indicating structurally strong export
competitiveness along the value chain. Japan retains comparative advantages in certain
intermediate products, but its overall competitive position appears more limited
relative to Korea and China. These findings reveal that national competitive structures
within the U.S. secondary battery market differ markedly by value-chain stage. The
study suggests that Korea should pursue more targeted strategies to reinforce
competitiveness in relatively vulnerable segments of the secondary battery value chain.

| Keywords Battery industry; Value chain; U.S. market; Trade Specialization Index (TSI);
Revealed Comparative Advantage (RCA); Symmetric Revealed Comparative
Advantage (SRCA)

* Lecturer, Jeju National University, Department of International Trade, xiaoniu0311@hotmail.com
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I. A4 &

T

1. G BRI 2HOA

1) =2 F7PE39 HEX g2 AN M
=44 F7E3S(demand guarantee) HFI0] AR AFHF7H BFA A
175k 4% 712A190 FasH 94 v AFE AS sk SHE A=l
ot o= FAFL TR o]f ojfof FLHE= WA By 2, ARt 7128
ot ¥z oz ke oM S-S 7RI ot 2= AR A&skal g
A AFoeg B fRt Al ARz olsfHt.
2 AFES AIM A o= FRH R BFA R ZATt A8+ o] whet
U G878 7|2AIYe] 24 AEA g WdsE 7ol ofyzh, HEA &
= 9= T3 ol 2= IAANCIA
T3] AT T4 @(pay first, argue later)’0]2ie XA O AH=d, g3t 4 (2
o IS AR EF5ke 7S
S =34 FFESL U2 SAEg7He] FH= AREY] mieel, A &
A(governing law)T} A8 B4 GJA] 293t HA YHo T SASIC} AA ARofA=
HIA EAY 232 7ol I54 Ex 78S A8 Ausks A7 A4 ¢ko
o, offet FAH A2 A7 A€l(fraud exception)®] 17 WA, AF=A] 7HAZ<] 3
& AR, #e9 AY 7% 5o AHAA 9T vE o QA
ot & A7s 79 A9 2% A SHAR] 97 R A7|EYs, A
AQ] BA F=xoll mAE A AelE FHeE AR £ 2 A7 B B &4
H AAL Aolg EAcke Hl WHtE, 44 AFES ZAHolA AFudo] ot
T2 Ho|A o]FARE=AIE AR Agse Hl AU

mO

BAo =g Zolzto] 21FHTr} 7|2 A ekAte] o] A3t}

_]
7%k Aol Qs A9 BT E5) A4k} a0k o] Bxle A



SN HTEE0 ot B4 KFTE 7ES Y J1F WY « 121

ol 712Ake] o] oiFut 2 A%l et Ho] BB AF BAl AP
3971 Wk

Jet E9E 3REY Awd TRk oluid B4 AFuANA HA SEsk: A
2 ogsa A gheh. AFRALIAIL BEACH Blut AXE AR A o7t 94
#og AES, 712ARYY AFBoly cifLt £5) W ojnel Lo AAY HAL
"wo] AxolA] shasE o] ukold:

TR BT A BAOIAE 7)2Are] tgo] A
A A9 EAfRI B3] BEA Bolo] 712A%Y] 54 ot 24 HPHo=
3k 9ol AFANA 712A% 847} et THo] Qg m1A TR A4
o} ojefat AolaE S4 AL 72ARE Ak Aol] VAL WS Bk

3) 7 2Ho| A7
=97 FRZo] Bt /1% kol F2 SU4 93 AP dgld] BAE FHow
Aol ik olefat ol AFEAC By BAVE ool el g el G
Ao= olsEl: Aol gtk
T AR BAS Suu Age] Al A ol ARErks BEA el
gggol} 7|2 ACkte] A WA MRS A7} ek, 5 AFeANA LA
L 2A 8] og] 9] £4) eiRe|urie, J12A B3] ofma WAL
Ao} Qede] W FaAoR WAshs Zuo] gt
olof we & ATk EYH J7RZF HAL o9 T WS BAR HTeh|Rrks,
72 ARk} BBk 724 Pl A o) WA ATAska St o)
Bolo] A FAI) 2412 Ak B, 48574, T)1 o2)H AiE FARH 9
2 728 gelshs A2 d7o) 7|8 o Ay

fu

filo
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1) AL SHSH S A7
SH4 A7ES] B =W A T2 AT FAEA F2E FH2E A
of Stk FAEAB|4A(1COS] URDG 758 AlsE= B30l I B4} 7|2Ak S3d
FYUZ AL 9low, BIQle| Ageli= BoA] £13t AXE A7l o
ot ol SAFAY] F2E SHOR FYA HFET WA A% A5
25 d9oke A7 SHieNE ol oA St
50| AE9(2013)2 URDG 7582 SA2E =A|AH A ] H+1HT 30t 5
S 2AhHA S94 JFES AFude] BEA 203 MFAIE ool 7%
T FAEA 20l 3 ofFoixIthe A& Asiglrt. E3t SfsiR(2011)2 BTES 7
AT AT MA FRE EASHEA I AFeRrt 712 AR £
A e 594 AFgeolte de Axstolt
ofERt A= FHA BTRT] A Fx A 75 olsishe H T4
B o 71E e F2 =AY 4T A=Y 725 34
o= =olsle Aol o, A 4 Aol Aasdt 727t A AAet ojmgt
Ao APEEAE BHstE A7 AtH R ARolqlt:.
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2) A7 ot mH S ¢

=44 FFES 2 A AdolA A7) dQl(fraud exception)oll TRE A HA] =
HejollA gstA o] FolA . 55| 9= Wil =y |23 A Ao #AE
FAISH #2109l WMo R HWIlEH, Edward Owen Engineering Ltd v Barclays Bank
International Ltd AFAT} United City Merchants (Investments) Ltd v Royal Bank of
Canada AP S84 A2 AlREAR] A7) G9je] WS Arshe tlaa]l #e= 4
g ALEI Yt

UM = ol2fet WS SHLE A 9] /1 WS AuaAl 7HRY] 7S
A5k A7t olFoi A A5H2015)= A8 2 51 2HEF AolA A=

A 7}Ao] ojmjt 7)20] wt QHEEAE M s1F4 welE FAow Basigon,
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AFHQOINS Y WS FHOT BPH 29uF AdolH A 129 o)
o} 1 ¥4 WE ARslelr Ea AHI01S RS Al BELRe) X3
2A0 BRIE R8PS BAAA AFRAING WA BE 12 FEsach
oleih A7 AFEALNA AL Aol ARHOR F8ulolof Arh e sk
A EYH s AR PEe Agehe B $a% 7012 stk 29t /)= @
L 2 A7) dl2je] 9 et AFRA Y V1R 23S gk Aol glov)
AFuT 2 A A 2o Agele] RS ATk HrhEoz Aol

P

-+

44 AFES Adle FAANY 44e 7A17] wiee] BSA A A8
A 9A S A7 o= HRofA ot A SAEsAH ARelAs BEEAl
ol ¥= e &S A8 eR sk AlEVE Hor, ot &
A A2 AP dele] Y Y AFEA 7HAE] 7R 5 AEEA 7=l AR
A T vE =+ A

T AFelME ol EAY B AMEE SA 2AIE E45hks A7t o1Fo . B
Alz-olAd8ll(20160) SHES AdolA Mo AGEAEE £AIE BAsHA A9
ool AR Y 7 1 HA 25 HESIH. Bk A5-H2014)= 712AF °]
P& GHoP| §F ATEFTY L] 725 2N 5HE FFES AdolA A
o B o) IAE sttt ol Aqe =6 AFES AoA 28
TAIRE AME SAl 71ES olfliske Hl $8% AlARE ASsith

ot 71E A7 F2 A8 27y AgeA 7] ¥4 71 A 2de %

F gl glon], AFTAY Be TRE A WA Agsle] AAH O APsi
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ABSTRACT

Reconceptualizing the Contract-Centered Structure of
Payment Determination and the Manifest and Clear-Fraud
Standard in Independent Guarantees

MIN GYU PARK*

Independent demand guarantees play an important role in international transactions
by securing contractual performance and ensuring prompt recovery of funds. However,
existing studies have largely explained dispute control in independent guarantees in
terms of the structural tension between the independence principle and the fraud
exception, focusing primarily on the scope of permissible exceptions to payment.

This study reexamines this conventional approach and reconstructs dispute control
from the perspective of a contract-centered structure of payment determination. Under
this framework, payment decisions are primarily based on formal compliance with the
wording of the guarantee, while judicial intervention is allowed only in exceptional
cases where abuse of rights or fraud is objectively manifest.

Through a comparative analysis of English case law, Korean case law, Article 19 of
the United Nations Convention on Independent Guarantees and Stand-by Letters of
Credit, which adopts the “manifest and clear” standard, and the ICC’s International
Standard Demand Guarantee Practice (ISDGP), the study identifies a functional
convergence in international practice toward strictly limiting judicial intervention at
the payment stage.

The study further shows that many disputes arise not from insufficient exception rules
but from unclear contractual design blurring the boundary between the underlying
contract and the guarantee. Accordingly, it concludes that the core of payment control
lies not in expanding exceptions but in enhancing contractual clarity in guarantee
drafting to secure stability at the payment stage.

| Keywords Independent Demand Guarantees, Distinction between Underlying and Guarantee
Contracts, ISDGP, Objective Manifestness Standard, Contract-Centered Payment
Control

* Professor, INHA University, trade@inha.ac.kr
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