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EXECUTIVE SUMMARY

AYVAINNS

PP/ EXECUTIVE SUMMARY

A Study on the Necessity and Proposal
of Designating a Joint Emission

Control Area in Northeast Asia

1. Purpose

» This study aims to provide the necessity of designating a joint

Emission Control Area (ECA) and its implementation measures
in an effort to regulate air pollutants emitted from ships in the
Northeast Area. Such efforts bear their significance in that
Northeast Asia has a large traffic volume serving as a major

origin and destination area on East-West sea routes.

- To achieve this goal, this study includes a review of the present
regulation status of emissions from ships in three major
countries in the Northeast Asian Sea including Korea, China and
Japan. In addition, AIS data analysis has drawn comparisons on
shipping activities between the Northeast Asian Sea, the North
Sea and the Baltic Sea in which ECAs have already been
designated.



- Through these endeavor, the study produces a feasibility study
for the designation of a Korea-China-Japan joint ECA by
country, as well as implementation roadmaps and strategies for

joint research and application to the IMO.

2. Methodology and Feature

1) Methodology

Classification Purpose Method Major contents
Study name: A Study on the * Literature * Reviewon IMO's designation
Emission Control Areas and review of ECAs and its
the Marginal States' Regulations regulation
that Enforce Reduction of Air Investigate systems in
Pollution from Ships advanced countries for
1 * Researcher (year): Hong Ran— regulating air pollutants
Juetal. (2014) from ships such as the
Objective: Risk analysis of air EU, the US and Canada
pollutants emitted from ships etc.
and review of ECA designation
. and regulations
p'\f;é(;:j Study name: A study on the*Literature* Study the_prese_nt status
ing Systematic Management of review of managing shlp—borne
studies Air Pollutants from ships in * Survey air pollutants in IMO and
Korea Consultation Major countries
Researcher (year): Lee Ho- andinterview * INvestigate the current
Choon et al. (2016) with experts s_tatus relevant to Korga S
Objective: Establish a management, in Korea air pollutants from ships
2 ) . 9 . . Estimate the economic
system for effectively controlling * Consultation .
) i ) | value of health benefits
§h|p—bornealrpollutantsgenerated with foreign resulting from emission
in Korean coasts and ports and  experts reduction

review the possibility for
introducing the ECA

Present legal and institutional
management measures
and techndlogical menagerrent
strategies
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Classification Purpose Method Major contents
Study name: A Study on the*Literature/* Case analysis on the
Introduction of Emission Control - review designation of ECAs
Area (ECA) in Korea DB analysis * Review the necessity of
Researcher (year): Lee Kiyoul * Survey designating ECAs in
Major etal. (2017) Interview Korea and conduct an
preced 3 Objective: Review the necessity. with experts | awareness survey
ing of designating an ECA to Review the timing, regions
studies improve the atmospheric and considerations for
environment of Korea's port the introduction of ECAs
cities and introduction measures
such as methods and processes
of the designation
Multiple studies were conducted * Literature * Analyze the process for
on the necessity of ECAs and| review an ECA designation
its introduction measures butInterview Review policies for
only limited to domestic port, with experts | reducing shipborne
areas Case analysis emissions by country
Despite huge traffic volumes  from preceding (Korea, China, Japan)
as major origin and destination  studies Present the necessity of
areas on East-West sea *AlSdataanalysis designating a Joint ECA
routes, Northeast Asian sea* Consultation in Northeast Asia and its
areas have limited impact with foreign implementation
i sively from the designation of ECA experts strategies

through IMO approval due to
its geographical features
Therefore, this study analyzes
the regulation status of air
pollutants emitted from ships
in Korea, China and Japan.
And major contents of this
study include the necessity of
designating a joint Korea—China—
Japan ECA and its implementation
direction

Provide a roadmap for
designating an ECA
through IMO approval
including considerations
by country and joint
research etc.
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2) Feature

» This study looked into regulatory policies that seek to reduce
air pollutants from ships in Northeast Asian countries (Korea,
China and Japan). Having conducted an AIS data analysis, the
study reviewed the necessity for the designation of a joint ECA

in Northeast Asia based on ship activities within the region.

- It is necessary to calculate emissions from ships in Northeast
Asian sea areas in order to extract the necessity for the
designation of ECAs in the region. However, this study focuses
on the comparisons and an analysis of shipping activities in the
Northeast Asian Sea compared to that of global shipping
activities as well as those in the Baltic Sea and the North Sea

where ECAs have already been designated.

- This method is based on the assumption that shipping activities
are able to replace the emissions of air pollutants from ships;
ship emissions are based on fuel consumption, which is
proportional to the time of engagement of shipping activities,

as well as travel distance.

- Northeast Asian sea areas have continued witnessing territorial
disputes among neighboring countries. Therefore, it is necessary
to designate a joint ECA to maximize its impact in comparison
to that of designation and operation of an ECA by an individual

nation.
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3. Results

AYVAINNS

1) Summary

» South Korea and China have implemented or will implement
an Emission Control Area (ECA) in accordance with domestic
laws, while Japan considers the designation of an ECA as being

of low necessity.

- Having enacted the ‘Special Act on Air Quality Improvement in
Port and Other Areas’ in April 2019, South Korea provided a
legal ground for the designation and implementation of an ECA.
Starting from January 1, 2020, Korea will designate ECAs in ports

centering on Busan Port and Incheon Port.

- Since 2016, China has designated its own emission control areas
(ECAs) in parts of its sea areas (12 nautical miles, sulfur limit
of 0.5 percent m/m) which will be expanded into coastal areas

and inland waters across China.

- Japan had reviewed the feasibility of introducing ECAs from the
period of 2010 to 2013. The results concluded that the adoption
was not necessary since the amount of emissions satisfied the

requirements stated by national law.

» As of 2018, 11,486 vessels traveled 1,057.9 million km during

344 million hours in the Northeast Asian Sea, illustrating higher
shipping activity than in the North Sea and the Baltic Sea during

the same period

- During one year of 2018, 5,256 vessels were traveling a total
distance of 143.19 million km during 5.72 million hours in the
Baltic Sea and the North Sea.
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- The number of vessels operating in the North Sea and the Baltic
Sea per the same surface area (1,000kr) is higher than that in
the Northeast Asian Sea. However, the Northeast Asian Sea
exceeds the North Sea and the Baltic Sea in terms of travel
distance and operation time, showing the necessity of
designating an ECA in the Northeast Asia Sea.

Table.1 Comparison of ship activity between the Northeast Asia and existing
ECA (The Baltic Sea and the North Sea)

Travel distance (km) Activity time (hr)
T Num. of
Classification . Average
ships Total Average  Total :
Time Day

Northeast Asia 11,486 1,057,901,369 92,104 34,398,176 2,995 125
Containership 3,039 327,944,850 107,912 11,355,594 3,737 156
Bulk carrier 8,447 729,956,619 86,416 23,042,582 2,728 114

The Baltic and

the North Sea

Containership 1,615 72,706,899 45,020 2,911,662 1,803 75

Bulk carrier 3,641 70,482,177 19,368 2,803,928 770 32
Source: Written by authors by utilizing AIS data

5,256 143,189,076 27,243 5,715590 1,087 45

Pic 1. Ship activity between Northeast Asia and the Baltic Sea/the
North Sea

{Northeast Asia) {North Sea and Baltic Sea)
Source: Written by authors by utilizing AlS data and Google map
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» Specific measures should be established such as joint operations

or consultations between nations with which national interests

AHVININNS

are intertwined. Such efforts will maximize the impact of
designating ECAs in the Northeast Asian Sea, while preventing

problems arising in conflict sea areas in advance.

- South Korea, China, Hong Kong and Taiwan have designated
and implemented ECAs within their territorial sea (12 nautical
miles) based on their domestic laws. However, the range of
these ECAs is narrow compared to that of those designated

through IMO approvals, and thus provide limited impact.

- However, Northeast Asian Sea areas are still witnessing
territorial disputes between nations, and maritime boundary
disputes continue even in the process of EEZ delimitation.
Therefore, designating ECAs based on EEZs or 200 nautical

miles by individual country will have limitations.

Pic 2. EEZs and ship activity in Northeast Asia

(Sea areas of EEZ disputes in Northeast
Asia)
Source: Written by authors by utilizing AlS data and Google map

{ Northeast Asia )
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» Designation of a joint ECA in Northeast Asia requires utilization
of existing frameworks for cooperation and exchange among

Korea, China and Japan.

- In particular, cooperation frameworks such as the Tripartite
Environment Ministers Meeting among Japan, China and Korea
(TEMM), Korea-China-Japan Air Pollution Policy Dialogue
(APPD) and the Northeast Asia Port Director-General Meeting
(NEAPDGM) will play a significant role in designating a joint ECA

among three nations.

- Individual countries already signed the partner relationship (PR)
with decision-supporting institutions for the governments’
environmental protection and shipping management. Therefore,
it is necessary to phase in research projects by designating a
research community for establishing a Korea-China-Japan ECA.

2) Policy suggestions and relevant activities

» Designation of a joint ECA in Northeast Asia through IMO
approval requires verification that ECA designation is resulting
in actual improvement of the atmospheric environment of a
region. Therefore, it is urgent to secure relevant data for a

cost-benefit analysis as well as to build an analysis system.

- The cost-benefit analysis should be carried out to calculate the
relative costs of reducing air pollutants from ships, the economic
impact on the shipping industry and social benefits resulting

from emission reduction.

- During the phases of calculating ship emissions, analyzing
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expected benefits and estimating costs, it is important to

standardize calculation methods and technologies for smooth

AYVAINNS

cooperation in regards to mutual comparison and verification

of data from the three countries.

» The designation of a joint ECA in Northeast Asia requires
cooperation among Korea, China and Japan that calls for the

construction of a consultative body in the pursuit of a joint ECA.

- It is necessary to propose the establishment of a joint ECA in
Northeast Asia as a common agenda to governmental consultative
frameworks such as the tripartite China-Korea-Japan Ministerial
Conference on Transport and Logistics and the Northeast Asia
Port Director-General Meeting (NEAPDGM). This effort will be
able to boost an awareness among three nations as a cooperative

community.

- In terms of organizing the aforementioned consultative body and
the roles that should be assigned, a Secretariat should be
established to allocate roles and work on jobs befitting to the
policies and the positions of each individual country. In
addition, it is essential to secure a certain level of finance to

support relevant activities.

- Furthermore, a cooperative system should be in place so that
support from international organizations such as the IMO and
APEC is made available. These organizations include the nations
of China, Korea and Japan and deal with shipping, ports and

environment related issues.
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Pic 3. Organization of a consultative body for a Joint ECA in Northeast
Asia (Proposal)

///‘\“ Ministry of Oceans and
SN -

g Fisheries

& common agenda

Propose the necessity for
establishing an ECA

U g Vg™
@, @, | KosT
Policy research i Technological research |
H (Policy support, cooperation measure, i i (Building a weather model, calculating emissions, air ¢
Y for designation. % pollution simulation, quantitative analysis etc)  :
*: Wl ) 3% wil
@ wm : ®
TPRI . TPRI .

% Conduct a joint tachn ECAs in NEA based on the
cooperation framework of (K) KIOST - (C) WTI - () PARI 5

Designate a joint ECA and
cooperative measures

e Ministry of Land,
e Ministry of Transport . Infrastructure,
. Transport and Tourism

» This study suggested phasing in an implementation roadmap to
push ahead the designation of a joint ECA in Northeast Asia;
@ analyzing the feasibility of implementation, @ discussing
measures for designating a Joint ECA, ® ECA application and
evaluation, @ pilot operation, and ® establish a joint ECA in
Northeast Asia.

- In the stage of analyzing the feasibility of implementation, each
nation should investigate and analyze air pollutants emitted from

ships to build a ship emission inventory.

- During the stage of discussing measures for designating a Joint
ECA, specific details necessary for the application of ECA should

be discussed.
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- Application and requesting for evaluation should proceed after
the designation of ECA is agreed and application documents are
prepared. And an ECA should be established after the pilot

operation makes improvements.

AHVININNS

Pic 4. Implementation roadmap for designating a joint ECA in Northeast
Asia (Proposal)

2023 : 2024 : 2025
(] ® i e | e v

@ Discuss measures for
+ Build an emission inventory designating a joint ECA
+ Build a simulation model
« Analyze costs of an ECA
designation

« Analyze the impact of

environmental improvement
* Decide whether to * Establish roles of each
implementan ECA

@ Pilot N
operation

onsource.
* Assess problems (% Conduct a joint
shipping folloving during the pilot
nof ECA)
operation

aluation response

* Preparation for an ECA

application bas

+ Prepareimprovement
system
measures

3) Expected benefits including policy contribution

» This study extracted the necessity of designating a joint ECA
in Northeast Asia, while proposing organizing a consultative
body for the designation of a joint ECA (proposal) as well as
a roadmap for the designation of a joint ECA (proposal).

- The study includes roles of each government departments and
research institutions in Korea, China and Japan as well as
specific measures for conducting a joint study. Projects by stage
and procedure are suggested for the designation of a joint ECA.

» Serving as a fundamental research data, this study is expected

XiX



to lay the foundation for building a cooperative system and
carrying out projects centering on South Korea, China and Japan

for the introduction of a Joint ECA in coming years.
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HES| 171 404 29 14 349 4 157 55 25
Solf | 406 946 68 32 816 13 374 130 55
A&Es 1,714 2,311 198 | 1,714 2,220 97 0 N 101

Z WA X1 20209 7IEOR OIS X010, HIE kikt2 1848t kg 2/0/3)
At=: EU Commission(2011. 5), p. 12-13

(& 2-4) 38 X|99| SOx ECA A|Y0]| ME HIZ-Ho| 24 At

ECALU 0.1% =] ECA 2/ 0.5% S=R

= oz Xk
T AN (@ 92) AR (0 92) RE A
high 230 110 340
o
low 100 50 150
high 46 664 110
Hg
low 9 17 26
high 5.0 17 3.1
ratio
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M

1) UESH, 2ol Y F=2oE Lt 2) 2020 IMO 7o)l W2t 8 ECA K| 2l0j= 0.5% O|at
B3R CI2Q AIS 0|28k, 3) A) U AR A 0l 7 WO LhstBIRO| TS L2
S0 24 29, GESH 12 S 2P TOY(22IRA, 591, MR, 742 SO )2 Refet 74y TofRt
TI5kz| ZoHo|

[== e oy o |

At&: EU Commission(2011. 5), p. 13
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Aol At Tier 111 A-&of whet SCR 59 AREO & HAYsH=
18-S HF NOx 1EY 1,316~1,844 S22 =A319 1, NOx 1

N

=
E & ¥|8-2 4,326~6,05992 2 E&35k0] ECA =YL E3F NOx
w30l ug HRHYL EEoh
(B 2-5) LE3H NOx ECA X80l M2 A=Y % H|IE-HY Ay
= HZ TX B HE ™
500 =
ECAAREZ f1eF = P il
_ 787~4,699 | 1,316~1,844 | Z 400 =
o ()
NOx EY g 200 +—[— =NOx f Tier Il only
_ 2,685~15,440 | 4,326~6,059
Z=H|2(B) 100 |— |—Nox if Batic NECA (12
types)

xt0 I(A_B) 1,798~10,741 | 3,010~4,215 02000 P 3555 5 2040

AtZ: IMO(2016. 7. 4.), p. 4 2 TAnnex 2, p.57

Lu] 2199] ECA A4S sl 20099 v]=E74 3 (EPAIA EA5tH
71 B4 5T BE BN AERIE Holn lom,
SOx, NOx & PMoll thall 22k 86%, 23% E 74%7F =4 o0&
st

(B 2-6) 20| ECA X0 2 MO RE 7 |QF=H USY

ECA DIXFE Al(E) ECA XIE AlE) =g
T 0@ g s DR Huo s 2EY usug
SOx 841,000 128,000 969,000 131,000 5000 136,000 834,000 86%
NOx  1,00000 176,000 1285000 866,000 127,000 993,000 294,000  23%
PM 100,000 15000 115,000 25000 5000 30,000 85000  74%
= MH SX[= 20206 7[FC2 20051219 ECA HPl0f M2 0% Z10[0Y, NOxi= 2016 012

ZRE| Mefofl CHeH Tier 1S {83118 TS 7102 5

[ L ey |

A2 IMO(2009.4.2.), p.11
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x| OlE WAEE | 3
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HIS A9 2{H MX| 110
PM US$ 11,000 ZHg 320

Z* AHHIZR 20203 AZXE MEH Tier Il B 7IE, ** Q4= AT H 20| ARE= &
At=E: IMO(2009.4.2.), p.7
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A 16,429  3,727,626,640 235,583 134,858,248 8,337

Az AlS A2 E 2610 KAt 2
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1
4
o
%,
g
129

% 10,0007 o4 Aleto] AA| AEre] 92.5%%

& Skl
Aok 1o, 500085 PIvt AukE AlQ]gt 9] o] A
7k 3459 ol Bt A= YEbgTh AY o5 #= 100,000
E o4 Adko] A7t 309,946kmE ©lEdHs AR 7HF BA U
Eltor, S5A7R 50,000~75,0008F Aol A7t 3609 &5
St= ZA0E UEhkt
B 4-2) M M| ESE Met 25 g
g 0[=72|(km) S AZHhr)
(Ijlv\?r) = | Lz | A|fa i
1,000 0|2t 29 516,589 17,813 127,324 4,390 183
1,000~5,000= 430 37,761,597 87,818 3,104,619 7,220 301

5,000~10,000= 722 139,970,842 193,865 5,983,708 8,288 345
10,000~25,000& 1,911 255,226,459 | 133,056 16,297,383 8,528 355
25,000~50,000& = 3,560 678,862,121 190,692 30,461,983 8,657 357
50,000~75,000& @ 4,069 1,166,770,349 286,746 35,168,137 8,643 360
75,000~100,000&8 = 2,439 623,131,640 255,487 20,932,372 8,582 358
100,0000= O 2,663 825,387,042 309,946 22,782,722 8,555 356

A 15,823 | 3,727,626,640 235,583 134,858,248 8,523 355

ZH oA - 5,0008+ ol Aldro] A7t 350 ol &F
Sh= Aoz Yeston, Bt o572l= 75,000~100,000EF AlH
o] 444157mE 7MY e Aoz EAHQILh WA AL
100,000&H ol AHre] Pt ol sA7 7 B2 A= YEb
o, 500085 ol A2 Azt 335Y ol 5ot AoE A
HAo.
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H 4-3) ™ Nl E5'2 ZEI0|H 14 &5 oig

0l=A2|(km) SH=A|ZHr)
TE E=ES L
W) B F| L F|
Azt
1,000 0|2t 1 66 66 005 005 O
1,000~5,000= 109 11,043,837 101,320 767,152 7,038 293

5,000~10,000= 435 101,894,218 234,240 3,674,875 8,448 352
10,000~25,000=2 = 1,398 202,376,541 144,761 12,044,012 8,615 359
25,000~50,000= 928 193,657,629 208,575 7,949,239 8,566 357
50,000~75,000= 894 270,991,018 303,122 7,799,627 8,724 364
75,000~100,000& = 286 127,028,873 444,157 2,497,937 8,734 364
100,0000= O 4 946 253,231,714 267,687 8,002,075 8,459 352

A 4997  1,160,123,806 232,164 42,734,917 8,552 356

A= AIS AM=E EE5I0 XAt 2ty

(B 4-4) WA ESE 234 &35 g

0l=7{2](km) = A17khr)

TiE FSES o7

OWT) T Fx| L Fx| =
At o
1,000 0|2t 28 516,523 18,447 127,323 4,547 189
1,000~5,000& 321 26,717,761 83,233 2,337,467 7,282 303
5,000~10,000& 287 38,076,624 132,671 2,308,833 8,045 335
10,000~25,000= 513 52,849,918 103,021 4,253,372 8,291 345

25,000~50,000& @ 2,632 485,304,491 184,386 22,512,744 8,553 356
50,000~75,0008 @ 3,175 895,779,331 282,135 27,368,511 8,620 359
75,000~100,000& 2,153 496,102,767 230,424 18,434,434 8,562 357
100,0000E Ol 1,717 572,155,328 333,230 14,780,646 8,608 359
S 10,826 = 2,567,502,744 237,161 92,123,331 8,509 355

A= AIS A=E 28510 XAt 2y
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Azt

2ol Aot

A= Google map(HAIY: 2019. 7. 10)% 2E5I0] KA &

S&oF AgolA 20184 19 SRt EEe A2 & 11,4863 o=
UeRg e, & o]EA2= 109 5,790 k= Hebgdth. e oA
2 3 0393 0] F5HoF Aol Bt 3,737 %*%6}%2\# ge

71) Google map(ZA 2019. 7. 10)S &5 =X,
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(17 4-5) S=0t X/ Het §5(20184)

o EN #5712|(km) SAIZkhn)
T LS s i LS s
ZAH|0 LM 3,039 327,944,850 107,912 11,355,594 3,737
=l 8,447 729,956,619 86,416 23,042,582 2,728

A 11,486 1,057,901,369 92,104 34,398,176 2,995

Nz AIS N=2E 2Eol0] ML 2+
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A9 9] &EAdr F 25,0008F ol4f Aol 99447 0=
AA| 544 86.6%% HERRT £3], 50,000~75,000+ A=
73F0] &Foto] Mut H=7 7Y gon F o5
b kn, &EAIZE 868.3% AlZEO 2 LERTE.

Ay 14" B4 olsAYY A$ 5,000~10,0008F AlHto]
139,784kn= 7 €2 A0 2 YEow, 50,0008F ol Ad=
T i 90,000km o1} ok ACRE Ut Bt S5 ALt
9] 7% 5,000~25,00087 AHto] A7k 220Y o4 SEoF A FeA
E5ote A0 EAE

o 1o
V]

© f{h‘o‘
S o
o WP
rl:l N

o

(B 4-6) S20t X|% EGE Mt} o= 548t

e N 0= 7{2](km) %%M.’J(hzq

(oW o HH| E, T v
A o
1,000 02t 13 226,880 17,452 51,840 3,988 166
1,000~5,000= 226 12,683,723 56,123 1,398,451 6,188 258
5,000~10,000& 330 46,128,632 139,784 1,958,181 5,934 247
10,000~25,000= 973 96,162,352 98,831 5,287,665 5,434 226

25,000~50,0002 @ 2,118 163,233,123 72,348 6,368,068 3,007 125
50,000~75,0008 @ 3,273 295,124,387 90,169 8,683,437 2,653 111
75,000~100,000& 2,046 193,567,119 94,608 4,542,703 2,220 | 93
100,0000= Ol&f 2,507 260,775,153 104,019 6,107,831 2,436 102
A 11,486  1,057,901,369 92,104 34,398,176 2,995 125

OBt
o

Nz AIS X225 2&010] MAL 2y

5o A9 100,0008= °l42 10,000~25,000+=, 50,000~
75,0005 Aoy Aute] 85 vFo] &L Ao et §
Rol x|ojo] Aoy Aut Hg FEA=E 75,000~100,0005F
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T

o

_l

204,863knz 7 &4 L}E} 1 T2 5,000~10,000&
o] 198,632knE °]&ste AR UEtTh HEo|vAiY &
P FHAZHS 1,000~5,0008F AHto] oF 3004 7}
UERtor, 100,0008F o ABtE A7t oF 1009 &
ﬁOﬂH G50t A0E YETH oF 3008 HE
2 Uyttt 3349 4 2500085 ol
oA EEote AR Heton, Hd o]EHA
5,000~25,000&F AlHo] w2 ACS& eyt

4o dromh o

©] ©]

- o T

A X, N T
18

N
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rir

19 >i

(B 4-7) S20t X2 ZIEIO|LIM BE 3

. 0|57{2|(km) EZA|ZHhr)
o5 FSES o7
(DWT) T | I 7| <=

— o

E]
.

=

1,000 0|2t 1 66 66 005 005 O
1,000~5,000= 47 5,431,356 = 115,561 338,445 7,201 300
5,000~10,000= 172 34,164,721 198,632 963,847 5,604 233
10,000~25,000= 683 70,512,747 103,240 3,846,953 5,632 235
25,000~50,000= 442 48,473,147 | 109,668 1,555,495 3,519 147
50,000~75,000= 650 68,034,541 104,669 2,194,152 3,376 141
75,000~100,000& 199 40,767,744 204,863 500,115 2,513 105
100,0000& O[4f 845 60,560,529 71,669 1,956,587 2,315 96
A 3,039 327,944,850 107,912 11,355,594 3,737 156

O
[

A= AIS A=E 28510 XAt 2ty
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o 0I157{2I(km) S AIKhn)
(DVK/IET) anr HA| kS s T o
ARE &
1,000 02t 12 226,814 18,901 51,840 4,320 180
1,000~5,000= 179 7,252,367 40,516 1,060,006 5,922 247

5,000~10,000= 158 11,963,911 75,721 994,334 6,293 262
10,000~25,000= 290 25,649,604 88,447 1,440,712 4,968 207
25,000~50,000= @ 1,676 104,759,977 62,506 4,812,573 2,871 120
50,000~75,0008 @ 2,623 227,089,847 86,576 6,489,285 2,474 103
75,000~100,000= 1,847 = 152,799,375 82,728 4,042,588 2,189 91
100,0000= Ol4 = 1,662 = 200,214,624 120,466 4,151,244 2,498 104

A 8,447 729,956,519 86,416 23,042,582 2,728 114

= 77043, Bt olEA 2= 19,358km= WEFAT.

72) Google map(ZA1: 2019. 7. 10)2 &85 =X,
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(23 4-6) LEH X =alf X[ M8t 2F2H(20181)

Xf2: AIS X2, Google mapS EE5104 KX} &

e o xiof Mot 215 e

(& 4-9) YEF

e i #=742|(km) SH=A[ZHh)
= o FA| m3 HA|

2,911,662 1,803

Bt

ZH| 0| M 1,615 72,706,899 = 45,020

el 3,641 70,482,177 19,358 2,803,928 770

A 5,256 143,189,076 27,243 5,715,590 1,087

A= AIS =28 2ot KA &y

Ae] A9 25,0008 ol Aol 46053 0%
87.6%% R A0 Ueton], A o)
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A ZHoAE 5,000~10,0008F Aol 105,717z 7HE =A
Uebdth S5 AZtolAE 10,0008 1Tk Adto] oF 180 o]A4F
g5t AoE YE

H 4-10) Sofl X 2E X% E5E Wa 25 o

o 0l=72I(km) S AIZHhr)
= <P H
(OWT) T H breE H|
Azt o
1,000= 0|2t 2 80,893 40,446 8,096 4,298 179
1,000~5,000& 35 1,497,889 42,797 165,746 4,736 197

5,000~10,000= 149 15,751,847 105,717 666,669 4,474 186

10,000~25,000& @ 465 25,100,256 53,979 1,375,932 2,959 123
25,000~60,000= 1,376 27,644,125 20,0900 1,267,873 914 @ 38
50,000~75,000& @ 1,298 31,845,425 24,534 761,284 587 @ 24
75,000~100,000=2 1,006 17,798,823 17,693 821,277 816 34
100,0000= Ol 925 23,469,817 25,373 658,213 712 = 30

SEA 5,256 = 143,189,076 27,243 5,715,590 1,087 45

6|.0:| ﬁﬂ- KI—A‘I

Pl
FU
>
(9p]
Pal
HU
i
o
oto

HEG|9}F oA EEske AHolHA FA] 100,0008F o4
o= uyehgth AHrY] &5 10,000~
25,0005+ Aldto] Azt 22,987,746kmZ o]5sh= A2 YERFS
H, EEAIZE GA] 11998354102 =4 YT thEo
5,000~10,0008F Algto] A7t 14,815,278kmE ol&std, Azt
567,702/t E5cte A2 BAE QT &, HES| 9} Eaf
o Al= 10,000~25,000&% AlHte] &5=7t 7MY =2 A= &
itk M4 H9o& 25,000~100,0008F Algte] F& o] A
AN EEcte AR UeEow, HG oleAHY H¢ 1,000~

-l>
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25,000E5 Aldo

I
H4-11) S5

M4 s=0t

ow ueptt

UESH X ZiH|0[L4H

SSHiEAeHS A 224

1 2t 5igt

0I&72I(km)

T A m

©W) E A Bz A =
Azt
1,000~5,000= 5 268,794 53,759 25,643 5129 214
5,000~10,000= 115 14,815,278 | 128,829 567,702 4,937 206
10,000~25,000& 355 22,987,746 64,754 1,199,835 3,380 141
25,000~50,0008 292 10,026,571 34,338 317,397 1,087 45
50,000~75,000&8 = 299 8,494,046 28,408 238,250 797 @ 33
75,000~100,000& = 117 3,677,224 31,429 97,739 835 3b
100,0000= Ol 432 12,437,240 28,790 465,006 1,077 45
S 1,615 72,706,899 45,020 2,911,662 1,803 75

Nz AIS AZE 28510 ML 2HY
(H4-12) S8 U WESH x| LM 2 g
g 015 742](km) YEAIZH)

(D?V\I”) o HA| S &
N
1,000 02t 2 80,893 40,446 8,096 4,298 179
1,000~5,000= 30 1,229,095 40,970 140,103 4,670 195
5,000~10,000= 34 936,569 27,546 98,967 2,911 121
10,000~25,000= 110 2,112,510 19,205 176,097 1,601 67
25,000~50,000= 1,084 17,617,555 16,252 940,477 868 @ 36
50,000~75,0008 @ 999 23,351,380 23,375 523,034 524 22
75,000~100,000= = 889 14,121,599 15,885 723,538 814 34
100,0000= O 4 493 11,032,578 22,378 193,117 392 16
S 3,641 70,482,177 19,368 2,803,928 770 @32

A= AIS A=E 28510 XAt 2y
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H3E =0t X|9 &3 ECA XId 294 Z4E

H 4-13) S50t X[F1} UE} - Saf M9t &F Hlw

0IS7{2|(km) 23AIZHhn)

e <P ) _ mA
- H| L HH| —

T MIA 15,823  3,727,626,640 235,583 134858248 8,523 356
ZAHOIHM | 4,997 1,160,123,896 232,164 42,734,917 8,552 356

HaM 10,826  2,567,502,744 237,161 92,123,331 8,509 355

11,486 1,057,901,369 92,104 34,398,176 = 2,995 125
(72.6%) (28.4%) (39.1%)  (25.5%) (35.1%) (35.2%)
3,039 | 327,944,850 107,912 11,355,594 3,737 156
(60.8%) (28.3%) (46.5%) (26.6%)  (43.7%) (43.8%)
8447 729,956,519 86,416 23,042,582 2,728 114
(78.0%) (28.4%) (36.4%) (25.0%) (32.1%) (32.1%)
5,256 143,189,076 = 27,243 = 5,715,590 = 1,087 45
(33.2%) (3.8%) (11.6%) (4.2%)  (12.8%) (12.7%)
1,615 72,706,899 @ 45,020 2,911,662 1,803 75
(32.3%) (6.3%) (19.4%)  (6.8%) (21.1%) (21.1%)
3,641 70,482,177 | 19,358 2,803,928 770 32
(33.6%) (2.7%) (8.2%) (3.0%) 9.0%)  (9.0%)

S50} x|

ZH|0[4

ZE|o|HH

HIM

A= AIS M=E &0l XA 2y
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1) M

FEol 2192 20189 A AlA Aol L H34(15,8233)2]
oF 72.6%%1 11,4868 (8ol A 3,0394, HAA 8,4473)°] &5
Stz A& Yeigon, HES] 9 Ea9] ¢ 525639 AdH(d
glojuA 1,6153, ©3A 3,6414)0] EF3to] 33.2%5 HHore
Ao = YehHth 2018 FEoAoF A GoA &3t HH oA
A MA 49973 F 60.8%2 3,03920] FEstHOH, WIS
10,8263 % 8,4474(78.0%)°] 53t ALE UEHT}. §HH 5 7]
7 HES 9 Eof A GojA= A AA ZdHolHA9] 32.3%(1,615
), 3419] 33.6%3,6414)0] LE3 Aoz EAF At

I

(23 4-7) X|FE HE|0|LM 3 HI M ST2HE)

uEEsf/Sof =580 =HMA
18,000

15,823

16,000

14,000

11,486
12,000 10,826

10,000
8,000

6,000 4997 5256

3,039
1,615

=R HEO|L M

3,641

4,000

2,000

Nz AIS A2 HE0I MAH A
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2) 0IF Az

A AA Aeel9 A 9 Ha A 20184 19 5% F 379 2,763
e o|sotx o, Adr 1&AY HHF 239 5583kmE ©]5%F Ao
Z YEIATHE 4-13). F5°F A FolM= 109 5,790%HnE ©I&
@Oﬂﬂ(ﬂ AA E] 28.4%), AdEF 13T Bt 92,104kmE 253 A

= AT Aol Azt 39 2,794tHmE ol5ste] A
ﬂ A Aol A (119 6,0125Hmn) F 28.3%S B&OF A G
A ZEtt Ao ® yehgon, A A7t 79 2,996%HmE ol
Sto] A AA| E3A o] 5A 2 «I 467} SEOMAoF A9 &<l
SHTE HES| W 53 XloU ZAH ol Ade} Aol Azt 1
% 4,319%mE ol &3t H, 4 i Bt 27,243kmE &5}
A}, o] Aol e ol %{ 7.271%HnE &3t A AlA
o] 5AZ 9 6.3%E AAskAL JloH, A Xt 7,048 HnE ©]
st A AlA A olEARe] 2.7% +ELRE YEHT

(2 4-8) X|HE AH|0|HM X HIM ZFZH(HE], km)

(100%) | 3,727,626,640
| B4%) | 1,057,901369
Beo  143189.076

(100%) | 1,160,123,896
HEO|L44 [ 283 327,944,850
3% 72706899

(100%) | 2,567,502,744

EER \GBD%) | 729,956,519
E?%) 70,482,177
0 1,000,000,000 2,000,000,000 3,000,000,000 4,000,000,000

HAAH =z50t =EES/ 500

Ai=: AlIS M=E &0 XAt 2
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H 4% 20t TSHIESTAIGHS XN oM
3) &3 A2t
Auke] SEA7E SHOAE FEOlAoL X|Yo] HMEF] W Ed
AGHG £ ZA o7 Yebgtt AgoluAL A7 EEAI7H356Y)
9] 43.8%%1 15628= SEOIAoF A|HofA] a5l ¥ HES] 2
2] AYoA= 75421.1%)S Esot= Zor Yyepgt d3A
9] Aox FEOolAoF A oA A7t 114YE &5t LET]
4 25 29X 9 SFAIHB2Y)E =4 YEREL
(J% 4-9) K|t ZE|0|LM L M S=2HA|ZE L)
355
HAH 125
45
356
ZEo| 1 M 156
75
355
HIAH 114
32
0 ho 100 150 200 250 300 350 400
sAMA =SS0 =HEG|/B
A= AIS NZ2E S0 KX} 24
4) MY SZ2F H|W
AIS X7 B4 Ay}, FEOoA|of A HojjA &5 glojy A 9
HAAY] A TE -5 A99] 224 £E0E YEon,
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N

N,
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N

T =2 h A
FFoie Ao yehton, A ojFAelst SFANE LES
9 B o] AeolyART} Zhzt 2,45, 2,19 WS Ao et
wou], MaMe| Foow SHolilol 4 B 57| &L 3
oz BA= et
(B 4-14) YEHH- S5} | S0t | Mot &= 47
_ ERZEN SEAZt
= A
T T T m3 A m7
Fal= =P 2.19 7.39 3.38 6.02 2.76
HIM 1.88 451 2.40 3.90 2.07
A 2.32 10.36 4.46 8.22 3.54

A= AIS M=E &5 XAt 2y
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2
_IZi

&3t 5ol g9 WAL oF 7109 ki7IE HP_6H L

p/

B WA (QF 1265 k)2 5.68] £FE0E Wr] wjEo] SE Aur3
= 4 AA o]zAY, A 5ol ¥4 HeEtHth &, 1,000k A
A} ek H5 AP 550F A 9o] 1.6 08 TES] 4 53
o] 424 H} 2 AoZ Yerygtt I3y 1,000krd AEe] S5
Al 9 o]5 AR AFY A3}, FEOMAoF X[ Fo| HED W EojjHTh
A5 A YEHERE S5O o A Y9 At EEgo] WES
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(& 4-15) HIRIBEY SSO0F NI4T WEH- S5 Mt BS B

T2 A Ol372I(km)  &SAIZHhD)

TR 1.6 148,975.5 4,844.0

SROXY  ZE|o|HM 0.4 46,181.8 1,599.1
H3 M 1.2 102,793.8 3.244.9

A 4.2 113,660.6 4,536.9

LEMN S ol AUEo|LM 13 57,713.3 2,311.2
EER] 2.9 55,947.4 2,225.7

A= AIS AM=E ZE5I0] XAt 2y
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2. S50t X9 =12] 42| E M1

A MAA = ECA Aol &2 0= Stfix= oA ECA7}
A 2GEHA 2 A2 =Y BAoY =119 419 F A|aL
S SHolA ECA A3 A[Hof vl JiF g Eololo] FHuE

dE =9 =4 HEloly AAELS oA AR 7 E5=E
(LSS: Low Sulphur Fuel Surcharge)s F-35HC. 24 ECA w}
£ AR IVHEES EYSt CMA CGMQ] 4% 20154 1€ 195
g b5 = Ayt Ashet FRtollA &) obAlot FREe S

+ ZHloldol TEUY 2992 % FEUT 362¥ 9] LSSE F3}staL
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XtZ: Dan(2013), p. 3
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(1) st-5- FEH3|9
S5 d SRS O(TEMM: Tripartite Environment Ministers

Meetingl= S5oF 3579 &7 2oF g9 & 93 w2zt Al
REo.= 1999 €] ZHF o] Wi 3=0] A& o= JHFstal ot
SEoF A9 AHgn], At Faf/E FLE 5 AH BHH
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T A LA /A /3R AlRLH2005E), S-S @
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1,:1) SF-=-9 3FeEA % &1.4"41@((2007‘3)’ BF-=- Y AETIFA
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T o5 SR =9 WS AuEY, SHEE 35
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1. S50} ECA XY FZrIHior
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