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1. g3

E&7H2(Black Carbon, BO)Z 2HARS] 2 Aa pAofA] 48
sk= 483t @14 715 P EA(Short-Lived Climate Pollutant,
SLCP)E, AbE, Al A= viEo)A YAYste] AF2d3E 71486k 5
8 892 F shyo|th) EH7HEE 7] oA LS S5l I 24
AZ13L, =3 G 9ol B 4% vhARE(albedo, YHIE)S A FAA|
A = 7R 559 w1 32 2 H] 80-90%F RHA
Sh= 4ol oy, £yl AR o] §kAkEo] o 30%7HA] 4

&% % ek

7| S-Sk B AR EYA|(Intergovernmental Panel on Climate

Change, IPCC)9] 62} H7pH A0 maw, E7kEe] 2d3st avt

1) Intergovernmental Panel on Climate Change(2021), pp. 7-34.
2) & A=, pp. 7-34.
3) | X7, pp. 7-34.



(+0.36W m )%= oRAFFEA(+0.21W mA)EL § 39, E3] E2 Y
oA 1 JFgo] W A Uerdthd UEHE AntE LFo|E AlE
(Smart Freight Center)?] d7to] w2d, EHFHLLS o]ASHEFA(CO,)

o vlg] A5k 4(Global Warming Potential, GWP)>7} 204 7|
%2 ZOOﬂﬂoﬂ/ﬂ 3,0008H0] Dotz ACE FAHHTLO o]FA EL7HE
2 AF2d3lo] v|A= A @718 FFHo R s, @Iz W 24
s J—qui Aokt 4= Q= AT A4S g o g st oy
St E¥7HES] B4 wet £ dAts EWRES 9AE A AT O

A5kl

£39519] 909 4 o) HAZ 19799 o]F 109wt 9F 12.5%4 7+
A5kl 9lom, 202449 9¥e] E= s WA 94 &S ol oAl BiA
2 A2 f4HZ 7|EEHAY?) 20249 Yo]H ARUACIHAA(Nature
Communications)°l] A A+to| =M, 7]& 2050‘5] oz A=A
g 42 Qe 5= 5] AlFe] wi=d 202739 Loz 20304 =
o =T AoE AU ‘U3 Qe 55 O]‘?l ’5HHJ HAo] 5}F 5
ot 100%Hs oJstE Zashs F9-E dulst, ol 5= 7%

Agst= 7140 sfggitt.?) 2000 o]F 159 ol A&
SoflA oA ARFHL, Bt Sl 2%(Sea Surface Temperature,
SST) Al 1991 8] HJs 2020d0l= Bt 2~4°C7F B SR 10

oleigt B s FET ek B3N i 250] 715

t=, pp. 7-34.

4) & X

5) EMEE0| 20'H SOt O XA2HSIE YOI |=XIE +X[skst A 2/0/E

6) Smart Freight Centre(2017), pp. 6-41.

7) NOAA(2024), pp. 9-12.

8) Heuzé & Jahn(2024).

9) ¢ K=

10) Arctic Monitoring and Assessment Programme(2021a), p. 6; National Oceanic and
Atmospheric Administration(2024), p. 51.
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HHEo] B3R o]go] F7lekal QUth1D #Alot R B sl
& ol S7IE olofA|1L glow, Bt BAYRET}

F2 QG QIth12) 2015WREH 2021970 =4 W ES71HE viE
T+ HIE 371 oM, £8] 58.95° olF AYG(LES| A2l)ollA= 8,500

of o] Aol F 1.5kt9] E7RZo] &= ITh1Y) |{AFAY
(United Nations Environment Programme, UNEP) W7t B 1A= £
7t -2 SLCPY] HiE-2 B4 & AFY A Ao Zot=|ojof o £ ofy
2t 71& COSAY A5 249t Hagsto] o|Fojxjof ghrtar 2|4 3ct.14)

23 A99] 7|Fuishe dutes xgete] A3 A ] dgs w3
.15 20009 °]F 159 ol A& e ks 55014 AL B
sfe] £&k 199149 849l Hls) 2020= Bt 2~4°C7F H A
I} 16)

=9 ES7EE AS5S 9I% SAIARE ] 22192 AR Aok Qlek
Ho|Ak8)(Arctic Council)s E7FE 2 Hgt AR/ IE(Expert
Group on Black Carbon and Methane, EGBCM)& &3) E3712 &
52 9% A LgE 7]Roll vy 20219 glolrk|a A
(Reykjavik Declaration)oA+ 20134 thH] 202597H] Ed7HE vj&
T2 25-33% STt FEE AFSIUTh) ES7HES 23R g7
LAEE A EoA]Y AE7bstt A 97 15(Sustainable

Development Working Group, SDWG)¥} E=3|FeHES JUTF

11) Yang et al.(2024).

12) Huntington et al.(2023), p. 1; Gunnarsson(2021), p. 104369.

13) Clean Arctic Alliance(2025)

14) United Nations Environment Programme and World Meteorological Organization(2011), p. 25.

15) NASA(2020)(AA: 2025.4.1.); National Oceanic and Atmospheric Administration(2020)
(HAMY: 2025.4.1.)

16) Arctic Monitoring and Assessment Programme(2021), p. 6.

17) Arctic Council(2021.5.12.) (ZMY: 2025.5.15.)



(Protection of the Arctic Marine Environment Working Group,
PAME)9] 8 YAE thFojZ|1l QIrt.18)

TAsAF7]7H(International Maritime Organization, IMO)+= 2024
| 795 B30 9 S7 A SA5ke 2AE Ak /lth19)

o] MARPOL H£&4] 19] /AL E3)] o]2ojF o, 29 AL ZAE
S5 EHRE WSS a7l AS BRE R0 E3E 202449 10
2 AR Y HES Y3 (Marine Environment Protection
Committee, MEPC)IIM= BS3oA9] S37RE IFS Eol7] ATt
HBIA Y (Res. MEPC.393(82))3 E37ha &4, RUEY 9 HiS 93t
H1AH(Res.MEPC.394(82))& A =Hstct.2D

O

oby Eahe FANSIOIA 4 thgo] ohck ShAlg olst Ze
Uzio] WyEo] B3e Bk 74 £ Az HIAL L % 9

_g

2 20139 E=0]AH] FAH AAS 853 olF, 20189 ‘5=
A 71EAY 1} 20219 SAEEHZTIEAY S st AAlde =
A F7IE2AY g3 Akl gt AT EAY A=
'Arctic-8' ZRAES B B¢ 87 =71eke] BAAY = doFotalAt
Ste QAE HEFYSHAU 202215.01]’_\_‘ = B EA(Korean
Network for Arctic Cooperation, KoNAC)E W<slo] E=0]AL3] 9
B1E &5l AAACE ol & U= 7IWe widskt) oo w2t
EH7HE A 22 £ dltof tis fevEte] FAA JFZ Ho
18
19

20
21

Arctic Council(dMY: 2025.7.17.)

PAME(ZMY: 2024.7.17.)

IMO(2021), p. 1

International Maritime Organization, Guidelines for the reduction of the impact on the
Arctic of Black Carbon emissions from international shipping (Resolution MEPC.393(82));
International Maritime Organization, Guidelines for the measurement, reporting and

monitoring of Black Carbon emissions from international shipping (Resolution
MEPC.394(82))
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1. 36 272 FHQt HHAA M3

B3oieh SIAGY BEAE A7t 22 FANAY $4, BGH
AudAE thzolgiet. Bond 91(2013) AbSlstekEo} AT oh A,
Agos Baskeel tig el & ATE YT BIols YYIE
IMOS| Ee712 Fojo] BEEILk20 Qi Q024N BT oA &

23) Tiller et al.(2022); Hailu(2025).

24) Bond et al.(2013); Z27}29| Folot S40f 3t 7|72 25| HIAI3! Bond et al.(2013)2 &
0| ZHR 7|9t RIS Sl = RO EEBIAON, 1 9| Syl 22| S5t S S DatH B
O 2K QI RA 2 SXDt0| XY TRIM0| R0t Ma HT0IM FI/BRICt

1z e



7L HiE A AHdA ZAE Foei, @ AAY £A) Bl
A4S A-stal A B9 28432 AAGHIT.25 Yamineva £](2018)
== 22 E3MA|(cooperative regime complex)

A7HE ﬁLxﬂ AAE &
3 , TAAIS AR/ SHEE s A=t QA7 B_sitar
= A= IMOLE E=0lARl9] ot E15tal 9] =
A 4] 7‘1]74] | TEskEo] 9lom, Y wlAYS] oFstal 2 A
A 5Eo] AjtAY-S A AL Narita-Motohashi (2024)+= &= =7}
S S, 1Tl S 7N EFHE viEHol gk =7 TEAAES

Hlwshy, Zhar AXARo] e JPFYe AolFE ARFTh)
Shapovalova(2016)= &= EZ7FE A7k 91t ohget =341 € A9 o]
UAME B 45285 AEst, 7 7|79 S B715th28) Yang
9)(2024)= EH7E M2 A Aot mHAQl &4
gk PAIARIl o] ERstthal 429 follA= HE(2021a)°]
5= A9 WNARLAEHES A5 BHZ A6k, HAE

=
o] g WSk FEHTH0 FY A 4 A7l HH(2021b)

4
ot
i)
»o
of
123
mlo

=04 & A7t 4F AR R HRRY e ESTRE A
= ALAoE JgPstal Uk E=0lAS]o] AR 1E I HAlAQl
EGBCM(2019)2 GA] 3l¥=59] S47HE & HEHCHy) 45 o1/ 333
A 1S A5t h32) B2 IR P=A B (Arctic Contaminants

5) Qi et al.(2024)

Yamineva Y.(2019)

Narita D., & Motohashi K.(2024).

Shapovalova D.(2026).

Yang et al.(2024)

H3(2021a)

H5{(2021b)

Arctic Council Expert Group on Black Carbon and Methane(2019).

26
27
28
29
30
31
32

NoeLexdIa2ya
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Action Programme, ACAP)9] 2017d E1A= EH7FE 75 9t 7
SAHE FEe 2AR AN, BESEEES} A A% 5 A7
TS AVEI33) vl=e] SAPA-E98](International Council on
Clean Transportation, ICCT)2] 20254 H1 A= AA| AHl go]g&
ggote] B9 s EHHE HiEedE ASHoE A3
Pacific Environment(2025) E1 A= £ ol F29] E712 vj&o]

Al v X IS B7Fet IMO Al g Sol7] = .35

il

2.

=

ri

oA AE W T} OIS MHAT
McConnell et al.(2007)<= 20417 AFigo] EH7IE HiEo] 57
5734 E(Arctic Climate Forcing)oll vl G A7| Wof I X2
Sl Rt A=, ARSI 5= V1% BISkE AP oR A%t Hx

o] dtolt}. B A o E7IET} ARISHE ATAE oy A1E
9] 2AZ 85 ct360) Wang et al.(2012)2 1949W+E 20508714

9] =Y At 2% FE EW7IE viE A4S 243137 Zhang et
al.2019)2 5= 3 Aol tigt d=de ZAS AFT B¢ &
W72 Ao Al FFE AR BARY, SR A
(Marine Gas Oil, MGO) E+= sk A7tA(Liquefied Natural Gas,
LNG)E ]| EH7HE 8ol o 80%7IA AHE 4= Ua= FUW
t}.38) Makarova et al.(2021)2 gAlot9] B9z ¥ E5F Qlxe} 7j

33
34
35
36
37
38

ACAP(2017)(ZMY: 2025.05.12.)

International Council on Clean Transportation(2025)
Pacific Environment(2025)(ZA4: 2025.10.26.)
McConnell et al(2007)

Wang et al.(2012)

Zhang et al.(2019)
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39) Makarova et al.(2021)
40) Otsuka et al.(2014)
41) Ni et al.(2024)
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3} =05 EZASIy Ut dl#2Z o & IMO(International Maritime
Organization, IMO)= FAS1Y 2 AW A @ 2%HK(International Convention
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Protection Agency(2023)(ZA: 2025.10.4); Colorado Law Review(2024)(ZA4: 2025.10.4)
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ack Carbon Emissions from Ships (MEPC.1/Circ.893/Rev.1, 26 July 2023); MARPOL Anne
x VI, Regulations 14-16; IMO, Report of the Sub-Committee on Pollution Prevention and
Response on its 9th Session (PPR 9) (MEPC 78/9, 2022)
83) 014 2/(2016), p. 371.
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84) Arctic Council, Ottawa Declaration on the Establishment of the Arctic Council (Declaration
adopted 19 September 1996)(ZA4: 2025.10.4)
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for Action on Black Carbon and Methane, EGBCM)°] &%J=7]%
T} 89)
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7R AMELoAM A JFES DD 5 Sl 724 7]

86) Arctic Monitoring and Assessment Programme(2021), p. 6
87) PAME(2021)(dM: 2025.10.4)
88) Expert Group on Black Carbon and Methane(2021)(ZAY: 2025.10.4)
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93) Expert Group on Black Carbon and Methane(2015)(ZA12:2025.05.25.)
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97) PAME(ZML: 2025.10.08)

98) PAME, Arctic Ship Traffic Data (ASTD)(ZAY: 2025.10.08.)
99) Arctic Council(2009)(ZA4: 2025.05.15)
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134 o #AL HEs| o A2 83t Polar Code AHA| 718
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102) Arctic Monitoring and Assessment Programme, Black Carbon from Shipping
(AM: 2025.5.12.)
103) Arctic Monitoring and Assessment Programme, Maritime Shipping(Z41&: 2025.5.12.)
104) PAME(2020).
105) EUA-BCA(ZAY: 2025.05.12)
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106
107
108
109

International Maritime Organization(2024)(ZA: 2025.10.6.)
International Maritime Organization(2024)(ZA: 2025.10.6.)
International Maritime Organization(2025)(ZA: 2025.10.8.)

HAHOI:

EU Action on Black Carbon in the Arctic(ZdAQ: 2025.05.12)

NN NN

37



5] 9fo) Az &

5

Azt ING AF-S A

o

A1

Baz

T

o

T

A

A, S A Aq

PAME

e

ol

i

I
i

el

oj
__-_

A 71ES defstal, & A

=4

==

=

A

==

o

2Ag daqe. A, °A A= AHd=

SF
=

72

I Az, ghEel, vlole g2

e

Gk

°

bl

J))

i

A

A

5 o
Ad

O

Al

1 9
AX

O3}

off #i7]7k2

O

A

(0]

T

=13
=1

=go] st HFI= A, PAMES] A

ot

°

3

F HlolHE 573 4

=
T

=
=

o)
af

(0]
O

=

Z1 x]
3 grtel
t}. PAMEY]

=A
2

T

AN

S}

o
kel

32

Sl

2

S o o]ga Wejgh Az 4AE Ao
2%

= A 7le =9

£ 9

=
T

B
o)

—

)
1_]_._

Zole}. ZAl

A}
—_
o

N
o
i
N
R

Gl

7

ol
HH

g% ZAH 11

o}, olo] whe} &

ol

AR

A3

H

o] &

=
Lo

38



=39 g2t 7 02

= 542 I A2 2% 713 A= 2(Polar Code)d] 2
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AMSA) ;2 5= 9 $9 oY &0l 376k 7HeH, i FE F
= i 48 59 uju), 54 dojso) Tud, 3 Qlge] A4 BE
59 BAV} S A 97 259 4l AUER AFHY 12

A, F8 F= 9 o] tiet F71Ael s SF 9 i HE gE
oltt. B tfiF29] J=E= HI3 20| o|FojA ] Agow, oF
54 et 59 S A 840 et AEVF BT ARk
olo] Wz} PAMEE Aldl 239 7|xxlg SEHE 93] =71E $2H 9

A T AE IRHE ST ole ESYEY
AqE 7hsdd Fof S =ole= A DARE 11
A, T W 9= A4 L AHZA|A(port reception facilities)]
o 5= P2 tiFE Aqfio]al AR HAdol Algte] /o,
Al HiEEE H1a, B8, 13 297 52 85 A4 A
o &= Q= Aol mH|Sith PAME= MARPOL o] what Adto] sfiok

112) Arctic Council(2009), Arctic Marine Shipping Assessment 2009 Report(Z442:2025.05.12.)
113) ¢ Xt=
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(B 2-8) 53 ol 1=t 715 2 HI ALY
HS HiAret
1 =0 o= Y 00| CHeh I 1Mol o S F oY YE
2 St L QEE 471 2 M2|A|[M(port reception facilities) &=
3 £ Met S HO[EH[0|A(0]: ASTD) 75 ¥ =7t 7+ 3R =h
4 ST 2T MU0 tfet 23 - UK 7|E N L St

A& AMSA 7|8t XA} &Y

H3™ IMO S7= D HAH 2A

. IMO Eai7l2 =9 HjA
EW7HE ZAIE =4 o A JAE M= A7IS HE0IAE] A
o} 19961 QER} A (Ottawa Declaration)o] 9Jsf A E=o]ALS]
= 8 &4 5117}-4 AR xPog WA &8 gloy ek Brt
ot AW HIE B3l 5= & HRoA S8 AT S Aok 5=
OJALZ] AkS 5H°J?P§E§_ 29 (Protection of the Arctic Marine
Environment, PAME)Z 2009¢ &= djd*% B7HE A (Arctic
Marine Shipping Assessment, AMSA)E ¥7Fol ES7HEL vjE &4

e
_"

£ AS A7) o}2 AR 20108 MEPC A60Z}F 3]0 A E=o|A}
3] 3h=Ql e=2gol- Addl-vlx5o] £= A9 Ad SU7RE s A
< 55 A1)

117) Norway, Sweden and the United States, Reduction of Emissions of Black Carbon from Shi
pping in the Arctic, MEPC 60/4/24 (IMO, 2010.1.15)(ZA4: 2025.10.4)
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oA =A sfolA E7REo] H|F|
= 035*— o]7] A3l & 4 Y= FAE FARIY, 1 ZHE MEPC A
652t 39 FF Hirsk= W& ZAFA G (work planyE 3T 118)
T 39RE EHHE BEAE W =9 9AIE Hol 71ed AE iAol

1149 79 MEPC A623} 3]

2, sfY2AALSLARS|(MEPC) =2 Axt

20159 MEPC #1687} 3]2jol4] IMO: Bond et al.(2013)9] BoS %
Jsto] EHTRES A 7|F AR A4 I T BEZAN BAREE =
E35 539 ©tAd BARA, 7] F ool2E] 23k o2 P9 A
2 ek S3MEINE O 1% EYd B4oE s BAE Y9
th119) o] Aol= Joh4 B, S5ty 14, B4 B4, B3 9T 52
wolohs XTI ZAog, By dist A1 A7t HME}.H@

20199 MEPC A74% SlelAl thoyet 7143 4% ol
ok ING A8, SRAZ A, T vlA4 Be| A7, G40, 2
59] 7% A go] EFHUL.12)

20219 MEPC Al762F 39old= 72 Hig S4-Hi A
(MRV)e] =Q=3ltt. ol AA| #& HlolgE sl A o3

118) International Maritime Organization, Regulating Black Carbon emissions from internationa
I shipping impacting the Arctic, MEPC 81/5/5 (2024.1.12)(ZA4: 2025.10.4)

119) Bond et al.(2013), p. 5380. 0| Fe|0f| [zt S7I=2 Lg it 22 £88 KLt ZHFEICh 28t
X S5 JPAZA 8 MUY SOOI st % B4 52, slsfH 15: SM BAC)R TSI, 2
Eta gorl:-(o:” S7|EIA) I} IHE 22| X 7H | UXIS0| 2RE X (aggregated spheru
les), M Fgk 7] B0IM B SAF S5 — 25 Y

120) International Maritime Organization, Report of the Marine Environment Protection Commi
ttee on its Sixty-Eighth Session, MEPC 68/21/Add.1 (2015.5.15)

121) International Maritime Organization, Resolution MEPC.393(82) (2024.10.4)
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HUEFsH] A3t A Tto g, g A FARS HEe A &
H| A E g7hE} 20249 MEPC A822t F9joflA= F 7H] 4 d

T A7t A= gl

EH7HL st Qlo] 7P Fto] A2 2024 MEPC A|82}F 3]
olof| A AeiE F A9 Hil ALJAloltt. MEPC.393(82)2 HE=3f04<]
72 v A AT 5E S4H(goal-based) HiL A H o=, thZt

T

T Al K 248 BgekR A1)

@ YA o]YR}F ¥ (Diesel Particulate Filter, DPF) 5 H&7}A &4
2] ZA]9] Adx]126)

® Aurd Bule B AY £ © A B AAY 15

3HH, MEPC.394(82)= MRV Axjo] that Bt 2442l
2, &9 130kW oJ49] Aol A2t Aukg o=z
ZZE vjd g Aure] 34 (flag administration)ol] 13t EE AL

5ta Qth127) &= AL " AR I YW (Filter Smoke Number, FSN),

a1 AFoe
=
=

122) International Maritime Organization, Resolution MEPC.393(82) (2024.10.4)

123) MEEA7|&2 225! SHZARMOIX|TH 7|E MEl0= 20| MSHEO|CY.

124) Z28 £RI0| 7H55tal 74 £AFHI0| MX|2H MSd AT IS 4 QU

125) MES, ALLIOL 4 & NEtA - REIA A2 20| MEhg O|0|SiCt, SR HIES ZE2HOZ X
g oL, tE 35 Qluet BE, 52 MetHIg, 7|84 d=k S0| 2H|E XM ECH

126) CIZ D|ZA} HE(DPF) S HiE7tA SX2] FXIE Soff E27H2E 21X E M7dk= 71£0|Ct
7|& HE0= ME 7tSolthe ZE0| UL, HX| HX| HIE, RAES 2E, SHH S0| 2H=
7| EI.

127) IMO, Resolution MEPC.393(82): Guidance on best practice on recommendatory

goal-based control measures (adopted 4 October 2024)

=
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B2 E3H(Photoacoustic Spectroscopy, PAS), Ho]AGEHIH
(Laser Induced Incandescence, LII) S44A1S H1shy, 3 dolg

= IMOY9] 71&3+Yd FAl(technical file format)o] wet 7| Z&]ojof s+
Aok Ict.128)

AIFEL AR A FASE At A BAR 7153,
5 MARPOL B4 VI /44 5 743 Qe FHoz0] wad 7154
| gl A

OSL’
O

O

3. 85 o| Ay

20259 MEPC A|834+ glejojrl= Sd7S Zddt H|CO2 47k
(non-CO: GHG) & &4 9 A5 AA 50| 34 o= =
t}.129) 53] HICOZA7IA HiE S4- 3% ZH AN /NS A% A«
ZFAWHCorrespondence Group)°] AA| &} O0H, o] FF SLCPE £
S Al AA S 79 vhstE = k= SiAE 4 . & 31204
£ A AE(polar fuels) 7/1'dY] 7iE 713+ 2027A7HA] AFs7|= o
A57]1% gic}.130)

IMOE "=AIF LA GAEHMARPOL), 754 Vi(Annex VI) 3tof

A 7198 U 2AkA FAS FASA, ZHAY A, A ol
coel A4, A A% U J14d ARt FE 5 DU 10l A

128) FSN (Filter Smoke Number) : ¢4 7tAS HHX|M| SDAIZ] Z, EE1 HHO JS2I(HH) sE5
HHaloh= MEX HHH0|CH PAS (Photoacoustic Spectroscopy, 223! % ) A0 Y It
Ol H0|XE TG0 E4E L0l B2 HatD|H wilicts SYINAL)E ZXlel E2E =5
ZX5H= 7|20|Ct LIl (Laser Induced Incandescence, 2|0|X S& “—'1%4%1) DEH Y 0|NZ &
Xf(E‘EH?f V2 2702 J1H510] eH T (thermal emission)S LAIA|7 |1 0|12 S50 52

S5k 7l=0|Tt

129) Il\/IO, Marine Environment Protection Committee (MEPC), 83rd Session - Highlights (7-11
April 2025) (re-establishment of Correspondence Group on non-CO, GHG measurement
& verification)

130) ¢ A=

49



712 ik

IMO®] Eel7l PSR oF 15Uk =08 AX A3 43 A o
Aol olZo}, WA 743 ol o FARO AL oH5| FA
ol ole. 24 7149) 223, MRV AAY) AlaA g, A-iAe] 7]

i

A 25 U3 5 ofelrbA BAE ot Uk B3] BIshele S5
S 944 ol AR AT, F9 B 2X9) FA P, B

oA 5 A AMdAge] @A o] F7tHoR meslolof e of
& Ao Bolxtale] gt IMOSte] 4582 HAw,

MAE 235 S FH MY

. IMO-S30|At2] f1Z2aE &= HA W S=72 X

Bapte wE A0 33 o) R3olAalet MO Heh B
A1, 7|& BE, A4 FAY A4 725 5 B AAS THAA %
ok olef3t T /17 719] WL P 34 oI wAH A mdz
A

W 5 Utk F 71T ) HSAGS A AEe 92 Telz
Tlsate, Bhevt g 552 weh st AWET ek
1) 32



=39 g2t 7 02

Ao WA ol AN 2d 37|12 B W7t HIAS Wk
se, ol 42 4o Hata slute] e
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IMOE E=0]A13]9] AR dhol =HA| A2 A¥sl= IS A
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AL ESN, PAS, LII Al 7H] 24¥< wiAslglon ojs Zai7la wj
e AHOR WIS HL 5 ke 7144 7| nelsilet 13)
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131) International Maritime Organization, Resolution MEPC.393(82) (2024.10.4)
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2 M 2H Y

IMOQ] EH7HL JFAl= A MEPC.393(82)2F MEPC.394(82)°] 718t
3 A So] vined gou, FF 454 Ut 74 s FAAA
2 APE7] sE B 74 9y IR A Eolof gt

1) MARPOL Annex VI 7id HQ¥

BA71E vjES WA A tdos xSk, MARPOL H4:4 VI
9] Z4] 7§4o] "Qsit} 4 Hx= MARPOL Al1630] wet 31U

L, MEPCOlA 9] AoloF 2/3 v Ad, 44 ¢aE 84 358 2o
A R BAA 2t AR e dEA o R s 3 1t

O&Z

L5714 94, NOx Tier III Fﬁxﬂ— 8@01 293 v 9lo], ZH7IE 74
A 790 10€9] TE7]|7} ajAtETh

2) &4 BEEst 4 MRV HA =

A AR4E BEstelE 54 e TA) BE3E ASoloF T,
%) Zojeto]A A SN, PAS, LIl A1 2% eleie} 237} Ao
o, $Y Al $Y AR A48T APEE AR O Fibt Ug
G Slek 716 AR, 018 B, T A8 TRsAS BT 1T F

A o7k gastH, 1S09ke] g8 &% BES 2] 8
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E3 MRV AA 9A] A243 Aads FHofof ity A4 Hil
(self-reporting) ¥ é]‘:‘ QE% SHAZY 282, A3A ASAA, et
A(PSC) 718F 2] AH, 95k Al A HAYE 5 5°] %bﬂﬂcﬂolc
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4 |
951 %719} ol o] o)A} Tk, MEPCE 1 ol 1A}
& A7 ZIE BAS) AR4S AET AojH, E3o|Aks] EGBCMY
29 F7] Hiaxet AMAPY] 83 BUHEE A=t o] IAgolA] Teha A
P42 A3 5 Uk

3hE, 74 =2l= MEPC 4Fs} PPR 491915j0]4 2|50, Ixdz
o vig ;s 7144 B ARE W agolt. oju] 9 5P
2 NGO= E37HE-& MARPOL Annex VIQ] BAIA A FFO0=7 I
I AL A7 UOH, GF BolA|o] PAME HIAE 2AR B

=3
39 50l 5 MHAS AFT AHE Uk
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o} %8 27(0¥) 2 NOx Tier Il FAIGH) Alzlo] vl3ol2 of Zei}
B A 44 794 109 A2 HEAE AL sl etk EA,
24 mao) FAY S4T MRV AAe] 4124 st e, @)
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3 5=4 =712 tis g4

2 QoI B3 (o9 JES Y BT 101 23 230 713
HPAY GFELS K H3A 7k SR AL 01, Ak, =29
o, 290, WAL, Hofa, oolsAT)S| Eerke 4 % uu A &
. B e Ao 43909 2d o A9E 2dn 248
Fstet 3 3ol WA eof WARR ()

E: sz
F1&3hiT) 132 B3 2} g7he Bolapsle] A
7] 42 zsjel geo] B3 AR A A7

y
229 HTL Wk wrebd SR BAFHL P v BASHE A
o B3 WARTE I3 FAFA AT A vokss o BA
olch. ez 210] Bk A AAACE olafol] SIo) 77
A QAR TAYNZ, TR, 14 W, BEd Bel, mUE A
28], AR, 597 33 Sao] wet JAA 553} FAYY 7454
2 wAlste] ATHHQl BEAHL % WS SUstuA St

132) Odelle L. Hadley & Thomas W. Kirchstetter(2012), pp. 437-440.
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eZieParbHasA HAYYHO TEXHUYECKas MPOrPaMMa B 00IaCTH SKOJIOTHIE
cxoro passurus Poccuiickoii @emepanyy 1 KIvMa TUU e CKUX M3MEeHEHN
#11a2021-2030 rom) ol E7}Z0l thgt FE-S AFokaL lrh133) &
A4 Aot AR= EHTRES I7F 247 FAAIA Y] oF R0l
A FofollA A=dfoF & F8 V7171 d=8) o2 BASHL Q
th139) & A= EH7RES BlAlore] 571 715 At oul He %
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133) 2{A|OF HEfo| & v Al 7|5 51 20F2021-2030 A 1kt 7|& T2 ) #(depneparnbHan Ha
YUYHO-TEXHUUYECKaA TPOrPamma B 067TaC TU 3KOITOr MYeCKOr o passuTuA Poccuiickon®ene
paLWK M KIuMaTuyYecKmx nameHeHun Ha2021-2030 romb)

134) T2{A|Of C1Eo| utsty & WM M2k, 2 2016 128 1L} 2A|0F et EZHHE o=, 2021 2€
8YUAL A0 A IHSHZOZ T2{A|0F HLC| 21 UM U 7|F HSHFEOF0A =7t 2tet7 [S5 =
S ASH5H | Q5 RX|0f 2H5H0 7 ZEEQACH 12|10 20221 22 8U0H| 2{A|0F At HE 2 No 133
2 T OZ2 30| ZEZUCE

135) 9 Xt2

136) 9 Xt=2
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3 o6 ‘B (ARY BUA Ak 4B BT BUHYE BY}
A Qe BEslEe AX A7 HET, A A|FolE G v
]

2 ol AFE hE-L BAZA jAlob BTk BUEPL 51 ¢
hee AL, FAO| A771% ABA BEA Aok Alagol
Byl BUEY AAg0] 98 (AL, o ZEIFo] A J
g0 b BaphE nUHPS Asskhs )8k e €3, 2
7hto] @lAlo} Wi A ohet 4] G2, AN WAHoE v
A3 9hee vk gict

(2 T2 2H 2 FQ IHH|(HI3E)

“PAlop ARy H QAT SiF SN 2ATIAY A ¥k HYE T
AAR(RS- 44 HUE Y 23D, 183 A YA 247 55 3
G o4t HlolE #e] AJAH”o] miEHT) Alop A JE W o] F
EH7RE RUEH A|AHo] niAEnh AlA s F8 9, gt ¢

2 5

2ixlo} @ %) 9] 7|%-8 BUEY A2Ho] vl 139

137) 2IA|OF HHfo] 5tz BiX 9l 7|5 H3} 20f 2021-2030 At kst 7|& T2 I M(PenepanbHad Ha
YUHO-TEXHWYECKanA TPOrpamva B 0611ac TU3KOMorndeckoropassutunaPoccuickondene
paLUM U KIMMaTYeCKmnx nameHeHnin Ha2021-2030 ropp) M2AS S27HE g 228 NAt
7t AU,

138) 2{A|0F Helo| &t EiM 9l 7|S 5} £0F 2021-2030 A kst 7|& T2 12 deneparnbHad Hayy
HO-TeXHWYeCKanA Tporpamva B 061ac T aKOMOr M4ecKoro passnTunA Poccuinckondenepadl
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|
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=, 4 H AdEE ZoF ARAE S At ek e VIR 94
A B lFe] 715 L S X9 B84 Alalo|th. 139

2 ol BUAIES 2AkA FAAAY THRAR PABEL Ur.
=, Zayhio] o ol Z7h4 0 ATsloRsks do] ofd HR7} 2030
W7 2ol sl TAIAel A gz BYE How B 4 9tk

(4) ZHEH ¥ Z27H 0|Y HAKEE)

“H X2 309] o] Ajop o] P (Paris Agreement), 7]
Fise] #I FAVIEFKUNFCCO), 18 HFoJA(Arctic
Council) He] ©7] 7|2 AEA(SLCP) HiE 7% ol 9, 1FolA

E B8 BELL 4% oJRE St A BHO Ytk

olefat FAH 7Y ol Alole] 71 A & Hole] WK, FF

UMV KIIUMATUYECKMX nameHernin Ha2021-2030 romy) MIBAIS 27t A2 222 XA HY
gt

139) 2IA|0F HHfo] 574 BiX 9l 7|5 H3} 20f 2021-2030 At kst 7|& T2 I M(PenepanbHad Ha
YYHO-TEXHUYECKaA TPOrpaMva B 0671ac TU 3KOMOrMYecKoro passuTmaPoccuickondene
PaLMM U KTTUMATUYECKMX MaMeHeHUN Ha2021-2030 ropw) MIbAE S27HE g BE2S KAt
7|- H-|O15H|:_|~_
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OE=A9 TdS A 478 7]129Y92](Basic Principles of
Russian Federation State Policy in the Arctic to 2035: €372 &+
SHUE AR 7o H $3), @2AoF 2030 SIS Strategy
for Environmental Development of the Russian Federation for the
Period up to 2030: 24A7FA 453} AUA] a&4d 7I14), @Al 7]
% ZEY(Climate Doctrine of the Russian Federation, 2023 7§7%:
HasH Y 2AVIS 450 S8 FoL EY7RE] gk A1
2= ¢, @"Alot  I7FE7A7]od(Nationally Determined
Contribution NDC)ol|A= E7H2] digt Ex 9| 75 ERE AFol
I QA k14D

140) 2{A|OF L] &1 B U 7|5 #S}H20F2021-2030 S st 7|& T2 I M(depnepanbHadHa
YUYHO-TEXHMYECKaA TIPOr pamma B 0671aC TM SKOTTOr MYeCKOro passmnTuA Poccuiickon®ene
paLMM M KITUMaTUYECKIX ameHeHnin Ha2021-2030 romy) M6&E S27t2 g BE2S XAt
HAHLY.

141) Russian Federation(2020), Basic Principles of Russian Federation State Policy in the
Arctic to 2035, Presidential Executive Order No. 164, The Kremlin Vladimir Putin
approved basic principles of state policy in the Arctic(2025.03.05.)(ZA412: 2025.9.21.);
Russian Federation(2012), Strategy for Environmental Development of the Russian
Federation for the Period up to 2030, Government Decree No. 2423-r, Official
Government Portal (AAQ: 2025.9.21.); Russian Federation(2023), Climate Doctrine of
the Russian Federation, Presidential Decree, The Kremlin (AA4: 2025.9.21.); Russian
Federation(2020), Nationally Determined Contribution of the Russian Federation,
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143) Arctic Council, How to reduce emissions of black carbon and methane in the Arctic(Z4AH:
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144) CAFF(2015), Actions for Arctic Biodiversity 2013-2021: Implementing the Recommendations
of the Arctic Biodiversity Assessment, p. 19(ZAY: 2025.5.12.)

145) dlia=E, KMC, et=5l12813/(2022-2023), p. 48

146) Barents Observer(2019), U.S., Russia thwarting black carbon reduction in Arctic, says
Finland(&AMY: 2025.5.12.)
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148) Arctic Council Archive(2015), NATIONAL REPORT BY RUSSIA - SEPTEMBER 2015:
Enhanced Black Carbon and Methane Emissions Reductions= an Arctic Council
Framework for Action(ZA4e: 2025.5.12.)
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149) EPA(2011), Black Carbon Diesel Initiative in the Russian Arctic(ZAA4: 2025.5.12.)

150) AMAP(2015), AMAP Assessment 2015: Black carbon and ozone as Arctic climate forcers,
pp. 10, 17, 51. AMAP(2021), Arctic Climate Change Update 2021: Key Trends and
Impacts, pp. 32, 49(ZMY: 2025.5.12.)

151) EU(2021), A Call for bold regional and global actions to reduce black carbon emissions
impacting the arctic(ZA4e: 2025.5.12.)

152) IMO, Shipping in polar waters(ZAY: 2025.5.12.)
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2025.09.21)

155) The White House(2021.1.27.)(ZA: 2025.5.12.)
156) NPR(2025.1.21)(ZA: 2025.09.21)
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158) EPA, EPA proposes approval of Alaska's plan to reduce harmful air pollution in Fairbanks
North Star Borough(ZA: 2025.5.12.)
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159) EPA, EPA proposes approval of Alaska's plan to reduce harmful air pollution in Fairbanks
North Star Borough(ZMel: 2025.5.12.)

160) STATE OF ALASKA, Development of the FNSB State Implementation Plan
(HM: 2025.5.12.)

161) EPA, Fairbanks Air Quality Plan(ZA4: 2025.5.12.)

162) EPA, Learn About Impacts of Diesel Exhaust and the Diesel Emissions Reduction Act
(DERA)(AMY: 2025.5.12.)

163) SHELLEY MOORE CAPITO, Senate EPW Approves Diesel Emissions Bill
(HM: 2025.5.12.)

164) CCAC, Black carbon(ZMY: 2025.5.12.)
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165) Arctic Council(2015), U.S. Chairmanship Brochure 2015-2017(ZA1: 2025.5.12.)

166) Government of Canada, Canada and United States announce renewed commitment on
climate and nature ambition(ZA4: 2025.5.12.) White House, Joint Statement by
President Biden and Prime Minister Trudeau(ZdAY: 2025.5.12.)

167) AMAP(2015), AMAP Assessment 2015: Black carbon and ozone as Arctic climate forcers
(HAY: 2025.5.12.) EPA, SCIENCE IN ACTION, BLACK CARBON RESEARCH AND
FUTURE STRATEGIES(ZAMY: 2025.5.12.)

168) DNV, Emissions control in the USA In US territorial waters, regulations on emissions from
ships are managed by the Environmental Protection Agency (EPA)(AAY: 2025.5.12.)

169) CCAC, First Anniversary of the Climate and Clean Air Coalition to Reduce Short-Lived
Climate Pollutants(ZA4: 2025.5.12.)
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170) ARCTIC COUNCIL, ANNEX 4. IQALUIT 2015 SAO REPORT TO MINISTERS. ENHANCED
BLACK CARBON AND METHANE EMISSIONS REDUCTIONS AN ARCTIC COUNCIL
FRAMEWORK FOR ACTION(ZA4: 2025.5.12.)

171) Government of Canada, Gothenburg Protocol to reduce transboundary air pollution
(HM: 2025.5.12.)
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172) UNFCCC, CANADA'S 2021 NATIONALLY DETERMINED CONTRIBUTION UNDER THE
PARIS AGREEMENT(ZAQ: 2025.5.12.) UNFCCC, CANADA'S 2035 NATIONALLY
DETERMINED CONTRIBUTION(AAMY: 2025.5.12.)

173) Government of Canada (2025), Canada’s Black Carbon Inventory Report — 2025 Edition,
Chapter 1 (“The report is prepared and published by Environment and Climate Change
Canada (ECCC).”),(ZdA4: 2025.09.21.)

174) ECOJUSTICE, Working to bring CEPA into the 21st century(ZAY: 2025.5.12.)

175) Government of Canada, Canada's Black Carbon Inventory Report 2025
(HA: 2025.5.12.)
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176) Government of Canada, Carbon pollution pricing systems across Canada
(HAY: 2025.5.12.)

177) Government of Canada(2025), CANADA'S BLACK CARBON INVENTORY REPORT
2013-2023(AMY: 2025.5.12.)

178) Government of Canada, Canada's Black Carbon Inventory Report 2025
(A 2025.5.12.)

179) Government of Canada, Justice Laws Website(AMY: 2025.5.12.)
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180) Arctic Council, Black Carbon and Methane(ZA4: 2025.5.12.)

181) International Joint Commission, Canada-United States Air Quality Agreement
(HA: 2025.5.12.)

182) UNECE, Arctic Council welcomes UNECE work on black carbon(ZAY: 2025.5.12.)

183) Friends of the Earth International, WWF, Pacific Environment (2024), Regulating Black
Carbon emissions from international shipping impacting the Arctic, Submission to IMO
MEPC 81(ZA: 2025.5.12.)
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184) Arctic Council (2017), National Report by Norway 2017(ZA4: 2025.5.12.)
185) Ministry of Climate and Environment (2021), Norway's Climate Action Plan for 2021~
2030(ZHMY: 2025.5.12.)
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Cowan, E. C., Allan, J. |., Seppala, T., Maes, T., & Wilson, S. (2025).

Norwegian Ministry of Climate and Environment. (2021), pp. 13, 42.

F&4(2021), pp. 131-166.

Norwegian Ministry of Climate and Environment(2025), Norway's first Biennial
Transparency Report under the Paris Agreement, p. 17(ZA1Q: 2025.5.12.)
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219) Finnish Environment Institute (SYKE) (2025), Finnish air pollutant inventory to the CLRTAP
(Updated August 29, 2025)(ZA4: 2025.09.22.)

220) Arctic Council. (2021), Summary of Progress and Recommendations: Framework for
Action on Enhanced Black Carbon and Methane Emissions Reductions(ZAH:
2025.5.12))

221) European Environment Agency. (2025), Benchmark analysis against the standards in the
revised Directive (EU) 2024/2881. In Air quality in Europe — 2025 status report(ZA!:
2025.5.12.)

222) Ministry of the Environment, Finland. (2016), Finland's air pollution control programme to
2030(ZMY: 2025.5.12.)

223) Ministry of Agriculture and Forestry, Finland. (2019), National Forest Strategy 2025:
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224) Finnish Meteorological Institute. (2024, April 25), Black carbon concentrations can now
be monitored in real time in our online service(ZAA: 2025.5.12.)

225) Copernicus Atmosphere Monitoring Service. (2025), Finland: National needs and
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227) International Maritime Organization. (2021), IMO working to address Black Carbon
emissions in the Arctic(Z4A4: 2025.5.12.)

228) United Nations Framework Convention on Climate Change (UNFCCC). (2023), Finland:
National Inventory Report(ZAY: 2025.5.12.)

229) ECCC(2018), Arctic Council Framework for Action on Enhanced Black Carbon and Methane
Emissions Reductions, Plain Language Summary(ZA4e: 2025.09.22.)
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230) European Parliamentary Research Service. (2021), Climate action in Denmark
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239) Matthews, B., & Paunu, V.-V. (2019), Review of Reporting Systems for National Black
Carbon Emissions Inventories(Z4MY: 2025.5.12.)

240) CCAC, DENMARK(ZAY: 2025.5.12.)
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242) High North News (2022), Targeting Black Carbon and Methane at the Arctic Council, High
North News(ZA4: 2025.5.12.)
243) European Commission (2024), EU Climate Action Progress Report 2024
(HA: 2025.5.12.)
244) Government of Iceland (2023), Climate Change — Government of Iceland
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245) Loftslagsras (2024), Climate Change(ZA4: 2025.5.12.)
246) Government of Iceland (2023), Climate Change — Government of Iceland
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247) European Environment Agency, The Environment Agency of Iceland(ZA4: 2025.5.12.)
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2025.5.12.)

249) CCAC, Black Carbon and the Arctic: What is Happening, and What Comes Next?(ZA1Y:
2025.5.12.)

250) CLEAN AIR FUND, Cutting black carbon will save glaciers and slow climate change(Z4A1:
2025.5.12.)

251) WWEF, Reducing black carbon in the Arctic(ZA12: 2025.5.12.)

252) PV KnowHow (2025), Iceland carbon neutrality: 5 Essential Steps Towards 2040 Success
(HAMY: 2025.5.12.)

253) Clean Air Fund (2025), Cutting black carbon will save glaciers and slow climate change
(HA: 2025.5.12.)

88



sapl= 33 By 53 03

g&0], BC & 54 E1E= UNFCCC =7} 2471~ QIMIE(NIR)
7t obd, CLRTAP W7]ed&Ed QMEZ(NFR/IR) ¥ EIolAH]
EGBCM =71H 1 E 53) £3=t}t. UNFCCC NIRS 34] 247tA 7%
(CO:, CHs, N:O, HFCs, PFCs, SFs, NFs) E1 A|AZ BCE tiido] ofct.
CLRTAP NFR EZo)|A= PM 53 3 BC7t “#H(recommended)
FEog HIgr}254)

ofo]&TEE EZo|Al3], IMO, UNFCCC 5 =A| HuAAlof uh =
7he B WSS AMY-Easta Qlth B9, AR wiEd A&
IMO2] MARPOL Annex VI 787 =2jo] w2}, Adt A=5/E 23+
4 & HYE o] 3= A0 2L Qlth255 =7t oAl o
712 ST, Mg JHEY 15, B3 a3 BUEH, =4 tolE

==
15 oEE Aage 2ata lrk2se

Hlo]Aaeke] A Hil

=

3) FAEY U AT 5HZ B 5

o3k

ofol&TE= 2019-2021d E=0lAHE] o=hs wor, EdrtE 9
et A7 IFHEGBCM) 52 A=240 =2 A5t 5= A4 2y
B, QAEd A5, 719He gig SolA JY==2 o, 471
2 452 At BN, ek grtet Holy IRl $54 Adg 5t
ALE257) FAAFEY SHOA ofo|EHEE FF0lALR] 4bst 97 1F

(AMAP, EGBCM &) ¥ =4 AZAA, A5 SZHE(]: Arctic Black

254) UNFCCC Secretariat (2019), Decision 18/CMA.1 (ETF MPGs), p.23 para.20 / p.26 para.48.
https://unfcce.int/resource/tet/0/00mpg.pdf(AAML: 2025.09.22.); CEIP (2023), Emissi
ons Reporting Guidelines 2023 (for CLRTAP)(ZAHY!: 2025.09.22.)

255) FOEI, WWF, Pacific Environment, CSC (2024), MEPC-81-5-5: Regulating Black Carbon
Emissions from International Shipping Impacting the Arctic(ZA1&: 2025.5.12.)

256) Environment Agency of Iceland (2023), National Inventory Report 2023
(A 2025.5.12.)

257) Arctic Council (2021), Icelandic Chairmanship, 2019-2021(ZA: 2025.5.12.)
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Carbon Case Studies Platform)olA] 3¥= 4 A 2718 35
A, "oy 4, B3 g7t I AE 5 FAITFE = 9]
Potal Urh258) FOoE opo|eHts TEPA, FAVIEHIIE,
CLRTAPCEAZ L7 249 & =AF o] W2 BC= CLRTAP/
EGBCM AAle] wa}, 2474 UNFCCC AA ) we}) 271 L7}
2 9 247 HiES AR A4S BE o9 5 =A14 oFE A4

3 258t Ich259)

H2E =2 MY x7p A

29, 2902, 4% B Ho|As] BEO| Aofsln] BAE BEL

& ZolAE otrlot 8 FAH Ve EY7RE dlS FHS 9A

559 27 59 24 84 F T AY, 971, A W,
e &, BUET ALE, SAEHE 7€ AWENA} gt

258) PAME (2020), Black Carbon emissions from shipping activity in the Arctic and technology
developments for their reduction — Status Report submitted by Iceland and Finland
(HA: 2025.5.12.)

259) Environment Agency of Iceland (2022), Report on Policies, Measures and Projections
(HA: 2025.5.12.)
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A717-ek SLCP 7% @8, IMO At #jE A4 =9olx 2= Fojsta
Ar}.260) thgk EGBCME] 202597HA] 25~33% % 2 429 =4 =
77} ofUel BSolAky] AHH9] 35 Hio|w, Y& HolE AT
4] 15F SO 1 oo 7|ook= FHlolth. FHH o 2= 20509 B
A%5Y 239} 20308 2A7IA 46% (2013 Hju))olzhs 271 X
slof], MRFLedsi =2 (2021 AA)a} ‘Io]mHold HE
g B2 F3, 202249 ‘GX(Ad ERARo]H) AFS §3t 7|2
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260) OECD (2025), OECD Environmental Performance Reviews: Japan 2025
(HMiel: 2025.5.12.)
261) IEA (2024), Green Innovation Fund - Policies(Z4A4&: 2025.5.12.)
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& PPk V1Be WA, FANYY, FERE 52
A(Ministry of the Environment, MOE)»* =7} 1’4]7]
Li} A S, SLCP(EZ7HE x3) 7% 2o 9 | o]

, B QWIEe] T, FAETE Gttt AAAIAA Ministry of
Economy, Trade and Industry, METD Atd-olyR] & wi& A
B, Z1e/E, AuA dg e gttt SR Ministry of
Land, Infrastructure, Transport and Tourism, MLIT)}2 W5 &5 5
T HiE T, Adt E AR uiE FAE 9o

2) A L, S H2|, DLEZ AJAH

HEbA 215 g A 709}9} 11*611?4 ET} g7t E9729] A o
Zo|t}, 4HA-HH FEolAe He-F/ 5 L84 ARAE A, wVlE
SgelAL A7 912 71 A 2 A S B85 488 A
1 Qlt}.264)

U2 HYE Y A|AF 0119] 34 Frdto] EHME sEE A
U514 243l g#2 o g oizte 34 A (Multi-Angle Absorption

262) OECD (2025), OECD Environmental Performance Reviews: Japan 2025
(AMY: 2025.5.12.)

263) Kanaya et al.(2020), pp. 6339-6356

264) CCAC, Japan's Experience With Short-Lived Climate Pollutants—The Case Of Black
Carbon(ZAMY: 2025.5.12.)
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Photometer)?t 9<% WA =2EUHZ AA”(Continuous Soot
Monitoring System) FH|E &&5h=t MAAPZ ZH | ZYH E7}
20] o8 ZojA Y2 o} At Fupgol e HIlkE &4, A9
T2 SHkshe ®WAl]1l, COSMOSE A&42 07 Ed7kadg HARE 5%
s 7] WSO Agsitt. o] F AARE &F, T4 59 T2 A
ot & Aol 2J=EH, #HE Hlolg= w71 B, JHF7L
Al Bl 5o E8Er}.265

H

3) TAHY L HZT 517 YY 53

[e)
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o BIo|x3] e, TR B, FAAT YEYA, AP
Y 744 Aol Bt FAEY B At Yol A

=
7P AAF AL AZA] HEg BRoE
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>
oy ol

H

7

AEL 2013 FE EFoJAME] FAHZ Fofob, 7ML 9 wgt A
71 2EEGBCM)O dlolHE Alastal 20258714 E7HE 25~33%
4% B30 3okl Qrh200) AP oRE YR ulw FPHTH
(EPA)O] Foh= "= EF7HE o|YAE]E(ABCI)"of olsto] 5= A

o] T vE BAME AES % A WS ST Yck26)

A AT SHA 22 =4 A GEUHR =54 712 124
E(Global Carbon Project, GCP)°l| &A= ZojsiH, =ZHIFHA1LL
(NIES)7} B0k 278 FAAREAE B A AA @4 <83 E97t
2 It 7% RAEdE HUEHst R4Sk A dY A+

265) Kanaya, Yugo et al. (2016), Kanaya, Yugo et al., “Long—term observations of black carbon
mass concentrations at Fukue Island,” Atmospheric Chemistry and Physics Discussions
(HA: 2025.5.12.)

266) Arctic Council. Japan(ZAY: 2025.5.12.)

267) EPA, Black Carbon Diesel Initiative in the Russian Arctic(ZAMY: 2025.5.12.)
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(2001~@Aell 7]odstar Qich208) ERt Y& P FHEFATL
(NIESP ZE5t11 ofAlol-gj5ef A% T F77t Aofshe ofAlol-of
HoF 71593} 28 JH Z;E(Asia-Pacific Climate Change Adaptation
Information Platform, AP-PLAT)S *%Ysto], E7HL 4= Akt 7]
S} AG Wb et A4S FAokal U209 o] T xA] AnE
HES o Aue Basle RUEY 4T A7 4] B By
A4g FANI FHat], 53] oot Al d7ed A 2zt
TS} o F83t IS okl Ut BoE FAHY 5 SH
A G2 EWTRES R 20 A |oRl AA LB "9
of T3t HeKHCLRTAP)S 1IN Z3 o7gAof Hofsto] uNHA] 73
229} g EF7HE viE A A A4 @€ APstar QUrk270)
E GEL IMOY| A HiE7EA A ZF3te] A= iS5k, 2018URE
B AZIA(LNG) BAR 5B NS 93t H2g T2 TS nheisto
ol Algtzt mj7egtol A ABt of AEK(Ship to Ship) W49 LNG ¥AH
< 2020 5E Aot Qith.27D) Byt oplgt Al SR siea)
Hoto]  IMO9  UYTFHFESAUIMEPO)OIN  ZAFFAEARE
(VLSFO)Y] #4 £A412t E7HE Hi&o] nX= = ASHH0E =9

e I L e )

N

268) Global Carbon project Tsukuba Int'l Office(ZAY: 2025.5.12.)

269) NIES(ZMY: 2025.5.12.)

270) US Department of State, Convention on Long-Range Transboundary Air Pollution
(HMl: 2025.5.12.)

271) Ministry of Land, Infrastructure, Transport and Tourism (MLIT) of Japan. (n.d.), Port and
Harbor Bureau(ZA: 2025.5.12.)

272) International Maritime Organization. (2020, January 1), IMO2020 fuel oil sulphur limit —
cleaner air, healthier planet(ZA12: 2025.5.12.)
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F5e) R 45 AL T} AR o3, F2FUQ060Y),
33(20309)0l2k= ol ¥4 &I (dual carbon goals) S}l
020244 10Y 2HE sSAHE 4 9 A AJAH AL 9

—

F 99K Work Plan for Improving the Carbon Emission Statistics
and Accounting System)ol4] SLCPs9] &3} &7} ZFZ= a1 Qict.273)
S A9 A4 7|E JPYS S AA =7 Uikl o
E0HL & & Stk o] A T YT BEH S5 2025W7HA] 4
(B) &9 ‘HX}'UZ_P eadlE Hal A|A 9} glo|eH|o]|AF 5ot 4t
A, 71, AE T oA HiET AP T AAE vhdetH 274 viEs
A 4 A AA"S =7 AEEE ARAET)Y AASHL, =A] 7]
2119 AL A3t & 202597 B4 34 AA 1=,
203097 = AHA viEsd wE] 9 AlE @A HAA gHlE
E2HZ 5t Qth

=

579 7129 9 SATIAEIHE 23 45 A8 FUcke F
A= AEsEE R (Ministry of Ecology and Environment, MEE)°|H, of4%]
A A T2 A, eaefETe] 52 27PEANE 93] (National
Development and Reform Commission, NDRC)7} §@gtct. o] &=

718 WA 71Bo g A 27 AP EE A& AF(National Leading
Group: =552 F&)7F 4 7+ FA 243 Z1 94S SEUH.270

273) China Briefing, Understanding China’s New Carbon Accounting Plan: Green Compliance
and Opportunities(ZA4: 2025.5.12.)

274) China Briefing, Understanding China's New Carbon Accounting Plan: Green Compliance
and Opportunities(ZA4e: 2025.5.12.)

275) International Carbon Action Partnership (ICAP), China National ETS(ZA1L: 2025.5.12.)
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F22 202597 } F7F BIAAGE Bk LAk WE AL
olEHlo| A WSk, 2030W7HA] A1 AR 5 5 B2
AAE Aot A %ﬁ e} Zehe o719 WAt 71 5ust
3o 5 A ol wE ALIARMEE 5T Helste, Fa 4

Qo WA, WHAE, SAE] that Tk wE DA |2 A w
2hae A28 Egjo] FAH ULk ofs]o] FEUL o] L8] B
AolA srahe 5% W WiE 4% AH DR 4N 2L A8
W2 AGAETS) A8 AH S, WA 4 33 5 A2 74
Use =gt ek

TUEY g2 = I7HA4(R) 99 SA-DBe A AARE wiE
TYEF(CEMS, Continuous Emissions Monitoring System)°] 3HY

©)

276) State Council Information Office of the People's Republic of China. (2021), Responding
to Climate Change: China's Policies and Actions(ZA4: 2025.5.12.)

277) Sino-German Cooperation on Climate Change, China strengthens its carbon emissions
statistical accounting system(ZAY: 2025.5.12.) HZ0| MAt-QE - AH|-H7| 2= M 2--0|
M AT 2ATIA HIEZHO|MEIEA S)S SRSl B0l EAI(RME)oh= M.

278) Yue, Mengdi, & Nedopil, Christoph, China Green Finance Status and Trends 2024-2025
(HMel: 2025.5.12.)

279) Progress Report of China's National Carbon Market (2024). Ministry of Ecology and
Environment of the People's Republic of China, July 2024(ZAMY: 2025.5.12.)
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o *M A2l o tﬂ°1 £ 11 438 A4 99 A

3) 2H|E

o< 201387 E H=0lAte] FAHEA SH7ES v iEF
SOl tieh A27F 25 Fofsid 5= 24t E0)7] 55 =3 &
SEaL Uth.28D A SHollA =2 gAlofet ouA] A, J=7h3
otz BPHE e SHE 45 Vledd s d¥e =L
°‘E‘r 282) o)z AF B A9 AFtgel = v Aok T
= AT Fole 20049 =go] 2dut=o] A WA AIAE
“%"“o e ARERoH, olF At EEd dxet T ‘:—E i
Aol gzt Ay JFE S s .28 2oz qAddEr 54
A S=2 HF=oltelE FolE 7He R Aendd Ws), ‘5H 4, E2s
g 24, EWRET Z2 BAIE TRt sAMEA o2t =4 9
off Fofstal Qlrt.289 F=2 IAARIOA SR A5 A =9
SHAHAAE, FAIA ol A olsEAE A F5ke ¢FAY
HZZ FstaL syt o8 =9 e =4 237 A5 9
of 715k e, S0 tigt A=ol JF gdol= &8l o

A3 32 UNFCCC-CLRTAP-IMO 5 A4 712< Fs}tE, 2024

280) Reuters, China launches campaign to plug greenhouse gas monitoring gap(ZA4:
2025.5.12.)

281) Reuters, China granted observer seat on Arctic Council(ZAY: 2025.5.12.)

282) The Arctic Institute, The Arctic Council and Asian Observers: A Call for Enhanced
Cooperation(ZA4e: 2025.5.12.)

283) U.S. House Committee on Foreign Affairs, China Regional Snapshot: Arctic
(A 2025.5.12.)

284) Drishti IAS, Arctic Council(ZAMY: 2025.5.12.)
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| TetadlE B4 4P AA et Bt 3 22 A= Wl dA-A= AA
£ A4 ZHgd By A= L st EFolAls] SAHEA
EGBCM &5ol= #ofsta ct

A7 20 EHRE B A2 IA F 7HA] & oA Y=L Stk
AR, g FEL eebAst JAR(Maritime Singapore Decarbonisation
Blueprint, 2022) FHo=, Fuk-Adte] 7] A% ZT@S AAG
IMO A}t AARIT.285 &4, 7122 W 57FHolA] Aldgst= 19
Z3 2030(Singapore Green Plan 2030)°f 9J3f 5t =& #estct. o]
AYL A7IE29] =4 A&7 oA 2 2= 71F 3| Higt 7]
o2, TA- A A2 5P Al TR HAEC] . 55 '
2AlE “olitsleta Shit HiETH(tCOze) ol FtE= 571 714 415 E,
EH7IE AAE FF TAsk= Al=7F oY thBCol+ 7HE &.3}).286)

A7tE=29] S7ME g7 =714 (National Environment
Agency, NEA)C 2 A7tz 29] tf7] o9 g, vi& 71& A%, ZUEY,
A A 5 S931t.287) T | FHEY (Maritime and Port Authority
of Singapore, MPA)Z g5t 9 At vj& A, 184 Aut F&, 4]
Y gdob 288) 2|&7MsAE - (Ministry of Sustainability and

285) Maritime and Port Authority of Singapore. (2022), Maritime Singapore Decarbonisation
Blueprint: Working Towards 2050(ZA442!: 2025.5.12.)

286) Mayer Brown. "Singapore's Carbon Regulations: Paving the Way for the Green Plan
2030." February 2024(ZA4: 2025.5.12.)

287) National Environment Agency(ZAY: 2025.5.12.)
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the Environment, MSE)= NEA%} 34 =4 &4 IFH T AL T9
02 A 7S AAoto] B4 A S AYskal Uct.289)
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A7MEE= P71 S5 Wgsl =7 AL Y B oFE
= F 7 F2 A ZYAYAE 6 SH7RES EARE 2ATEA by
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tCO2e o= HIEStH= Al A&EH, 2024-25W= &9 S$25,
20264 o|%ol= B S$45E HZAH o E Q4 ool o] HAE &
off theFet 2A7EA HiES THH o R Agtetal Qit.290 E3bE SR
E HARE g Artx=2 A olyME|E(Maritime Singapore
Green Initiative, MSGI)7} 2011 &9H% o]% dfd 20134, 20194,
2022¢ 230 Wy8o] A5Gl on, 2024¥0llE A2 2 A A= uf
< 7le AR9 27| S AEstr] s QAAE BT} ATo|E =Tt
A7lEEL o]2 Ed] o2 Ed BhA 914] BhA 3|4 W A 289 =

= -1 8=
Asto] BEE & A4S GEsha rh2oD

AhEEE BaplEe Xot iR RS TR Besl] 98 A
9 v LodolA 2030W7HA) & 60% AF, 205097 YA &
RS A5, 20304158 Al B Adute] 1718 B Ak QR A
& o5sh AEA WS ks 9 A= B4 7% 4%, SCXH4A5A 3

d

288) MPA, Maritime Singapore Decarbonisation Blueprint: Working Towards 2050
(HA: 2025.5.12.)
289) Ministry of Sustainability and the Environment Singapore. Singapore sets out eligibility
criteria for international carbon credits under the carbon tax regime(ZA4e: 2025.5.12.)
290) NCCS, Carbon Tax(ZAMY: 2025.5.12.)
291) MPA, Maritime Singapore Green Initiative(Z4A4Y: 2025.5.12.)
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A7tEEE BEIolARE] SAH H7t2, 5333 HoE gt dd] &
o Zolm, IMO ¥ th 3lg=tat 5208 Folo] MutogRE @
4 WA HHEE L= F8 IMO gohs vt AR 2
A7HEEs RHEY, 2ARddHA-gulA], A, 42, o5 Abeat &
2 oA Y FA 54 L g e 3]FH(GDSCs)S AHdto] o 4t
9] getasls A Ysta QU299 E35] YR F=F 74 ° Oz
g ol 'S ddote] drYots 2t A s A=l gt Al
Z2AES AFG ofFgo|t}.295) A AT Fro] SHol|A rtEaEs 5=
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292) Singapore. (2024), Singapore BTR1 2024: First Biennial Transparency Report under the
Paris Agreement(ZA4: 2025.5.12.)

293) National Environment Agency. (2025), Greenhouse Gas Inventory(ZA2: 2025.5.12.)

294) Ministry Of Transport, An Environmentally Sustainable Maritime Singapore
(AM: 2025.5.12.)

295) Ammonia Energy Association. Japan, Singapore to establish green shipping corridor
(HM: 2025.5.12.)

296) THE ARCTIC INSTITUTE, Singapore(ZAMY: 2025.5.12.)
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ZAEF 5 SHAA ArEEE SR Aoz Feole Al ©
& AYHAICC) ZHAYAE =Ysk= T 9 2030 AL7HEA 9

, T, IMOQ| AdH) 247k < e digh A7E2=9] of&o
71ad5ta )t} 297)

=
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1) BHDYAYT W B

QAEL 20139 HFoIAE SH Ik BF] AL, U

2 A AL g WA ArE 20199 27 FA giy] 22
(National Clean Air Programme, NCAP)}S W3l 2024G7HA|
20179 oiH] HAER(PM2.5) 719 $ES 20-30% FEshe A
EXE A9t o] o] Z2IHLE 1317 HZA EAE HeR o,
By nAHAe] 28 4 9AZA 7P oE HE|HT)298)
t EI7HE 5SS 715Hs gsiel 7| A, 35EA 3]
Zh= o]FA BERE gAStIA} 31t}299) Qlwo] EdylE MO NCAP
Qo= BS-VI ¥jE 7|& EY300& 53t oA A& A9 9=t g4t
W(Ujjwala Yojana) Z2I1HS B3 7148 LPG BEF-S Fofstal it

297) MPA, Maritime Singapore Decarbonisation Blueprint: Working Towards 2050
(HAY: 2025.5.12.)
298) Knowlton, Kim, Sustaining Progress Towards Clean Air In India, NRDC(ZA4&: 2025.5.12.)
299) World Economic Forum, Black Carbon Reduction: A Rapid Action Plan(ZA4: 2025.5.12.)
300) HAl HEIL2 Bharat Stage VI (BS-VI) emission standards 2 S&¢1&9| Euro 6 7|&S 7802
o A IS tA RI0IL =9 & &S S0ppm UM 10ppm 2 i HE XS 822 BTt
International Council on Clean Transportation(2016)
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E3] 201695 A2ty o=t @ A= 84Tt 71t ojAto] A Q.2
AZ(clean cooking fuel)% Azslo 24 AY EdrLE vjES 373
02 F4AZL0H 30D of FFEA A} 715t eslo] SAlo] 7]
ojs}lal Qic}.302)

A=o] E7kE 9 ti7| e B ks FFFA= &84 7
S S (Ministry of Environment, Forest and Climate Change,
MoEFCC)elt}. o] FA= =7t A% o7l Z=1H(NCAP: National
Clean Air Programme)} =7} 2AI7FA QHIED], t7]d RUEY 5

LalE P A9 2 9 WYS g oA, TE, 59 5 %
eEE 7 RACUAR, BER 57 MoEFCCS Bels) Haes 7
% AU A0 Dol BaR, ARSI 5 AT BE 2
UrhE 2%, A7, AW Yo F2T YL Be}0d

2) TN W, IS 22|, DUEZ AAH

QT NCAPE 53] 2024974 PM2.5% PM10S 20~30% 753}

L 235 4A43oH, 202049 AgE BS-VI #iE 7|&S B3 oA A
o] u]FZHPM) HIETFS 80% oA EHch EHFHL(BC)2 PMe] 9 T
A HEOZ, o] FAE ZIFHog WE HE SR viE FEox V)
ofstal 914.

Al BaslRo] 29 vfEUL Welsh] 9 ket HBS Agal

301) Indian Express, "Ujjwala scheme implementation spiked in election years: RTI,"
2021.12.12(ZdMY: 2025.5.12.)

302) Karthick, R., et al. Challenges in producing BS-VI diesel(ZA1&: 2025.5.12.)

303) Press Information Bureau, Government of India, Black Carbon(ZAQ: 2025.5.12.)

304) Mongabay-India, Dual role as air pollutant and warming agent makes black carbon a
neglected player in policy(ZA4: 2025.5.12.)
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I Qlek WA, BS-VI HiE 71 Yo = T X}EU o g2 g G2k
oJRslele] T2 WE FEO EIW7FE wiEZ IA AAaATIL e
™,305) 7oAl = S22t 8 RIS 59 8FHT 7 o]
LPGE EHdto] vlo|oujA A4AZ QI EI7HE vj&S Eol& o A+
S}7]%= 5FSith300) 59 FolAe =7 v g #E Xél‘% 59
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31 QJTh307) Tt TA] 1Y H7|E T AAE st A9 vlEE ulAd
< &9l 287 270 & °1§ E7HE viE Aol kstal Qlrt.308)

% oﬂxﬂ 5117} 714 qavg Z2 IHINAMP)E Bl 2871 59

PJ%, 9] HEAE 2 e BUEE ASACENSS] B 2
ShiL Qi FA1o]eh309) et BUE Y A2E9] o] A FolAu,

A%
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2E 327 Qe A4l Yrks0

3) TN

QA BEZo|Alglo] 7| Q@B E LT IH(ACAP) YIS B2
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E& 1. Policy Position Paper on Arctic Black Carbon

Regulation (Republic of Korea)

1. Background

As an International Maritime Organization(IMO) member state
and Arctic Council observer, the Republic of Korea recognizes
the critical and growing importance of mitigating Black Carbon

emissions in the Arctic region.

The Republic of Korea, as a global leader in shipbuilding and
shipping, has both a responsibility and an opportunity to align its
industrial capabilities with international environmental governance.

2. Korea's Position

1) Science-Based and Pragmatic Approach

Korea supports the principle that black carbon mitigation in

221



the Arctic must be grounded in scientific evidence and

technological feasibility. To this end, Korea will:

Develop a national black carbon inventory system including

emissions from ships and seaports.

Actively distribute data on Korea's Black Carbon emission to
the Arctic Council and IMO.

2) Support for International Standards and Harmonization

Korea recognizes and supports the leadership of the IMO and
Arctic Council and will ensure that its national policy

instruments remain aligned with evolving international norms:

Align national regulations with IMO Resolutions Marine
Environment Protection Committee(MEPC).393(82) and MEPC.394
(82) by supporting maritime through industry support for cleaner

fuels and emission-reducing operational parties.

Participate as a co-sponsor in ongoing IMO Pollution Prevention
and Response Sub-Committee(PPR) negotiations on Polar Fuel
definitions, advocating Arctic-specific considerations reflecting

industry needs.

3) Stepwise Industry Transition and Technological Uptake

Based on industry surveys conducted by Korea Maritime

Institute(KMI) in 2025, Korea recognizes the need to enhance
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testing infrastructure and MRV instrumentation for extreme
environments. Recognizing that rapid black carbon mitigation
poses both technical and financial challenges to industry

stakeholders, Korea will:

Promote the voluntary yet practical adoption of emission
-reduction technologies, including black carbon filters, fuel
switching, and operational optimization, through targeted

industry engagement.

Expand and adapt existing government programs to support
retrofitting and new installations, particularly for small and

medium-sized enterprises.

Enhance support for testbed access and demonstration projects
by research institutes, enabling domestic verification and

cost-effective technology deployment.

Launch training programs and practical guideline development
to assist operators and engineers in meeting MRV and

compliance requirements.

4) Enhanced International Cooperation and Governance Engagement

Rather than creating new governance structures, Korea will

utilize existing multilateral platforms, including:

Strengthening strategic cooperation with like-minded observer

states and Arctic states to jointly advance technical standard
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-setting in Arctic governance.

3. Conclusion

Republic of Korea reaffirms its commitment to contributing
meaningfully to the global effort to reduce Black Carbon
emissions in the Arctic. By integrating scientific monitoring,
regulatory alignment, technological support, and proactive
multilateral engagement, Korea aims to serve as a responsible

Arctic Council Observer.

This Policy Position Paper may serve as an official reference
document for future Arctic Council working group meetings,

IMO sessions, or bilateral negotiations.
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