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Comparison of Production-Based Emissions and
Consumption-Based Emissions of Particulate Matter in Northeast Asia

F4-¢ Moon Seung-woon™”

Abstract

This study assesses the consumption-based PM emission, and compares production-based accounting and con-
sumption-based accounting of trade and embodied PM for three Northeast Asia countries - Korea, China, and Japan.
The result shows that 22.00% of Japna’'s and 36.02% of Korea’s consumption-based PM emission are generated
in China. In other words, China is the largest emitter of PM, but much of PM emissions of China come from
consumption in Korea and Japan. In addition, the Chinese industry has a higher pollution intensity than the Korean
and Japanese industries, suggesting that the Pollution haven hypothesis has been proven. Consumption-based account-
ing can quantify the responsibilities of Korea and Japan for PM generated in China, and this results can be considered
in cross-border negotiations for abatement of PM. Abating PM in Northeast Asia requires cross-border cooperation,
and consumption-based accounting can provide important scientific evidence. The results of this study may provide
appropriateness and basic material for international cooperation.

Keywords: Particulate Matrer, Consumption-based Emissions, Production-based Emissions, Multi-regional
Input-Output Model(MRIO)

I ME 2 Az 27t dido] AEst(u 2017). E3E, 1]

AlHz|e} Zo] S7AE HolA olEshe 74

A HA](Particulate Matrer, ©|5} PM)= A|AE7A7] (Trans-boundary) L Fad2 i =7 ofzt

THWHOOIA 2787t 1 et=da <Al ¢ LHR H7FEoAE HeiE sl glom, F=rell

frofiol 27 AP fERHOECD 2012). ©of] Al A BiEEs PR nARAT = dEo R
Al Zr=-2 mAHA] 22 f1Rt tide Zdtskal ¢l olEsto] H71ds fStrlE Ao=m Hawy §l

o, 53] F=2 AA o] nlMHz] viEA o (Li, Yang, Wang, and Chen et al. 2014; Kajino, Sato,

* B =ROo %—3»8(201%4 HIALEEY] =B “FHobAlo} mME ] Azd o] ARV 7] de]l niAE Gek o] YRS g Rekgt
Zolw, tighql=r w-SRet ShATATe] X ¢hg wrot 38 A NRE-2017S1A3A2066771).

ok At ZASH 9AF | Ph.D. in Economics, Seoul National Univ. | moonswoon@naver.com

ZOFA|OF OJMZIX|Q| A4t7 | HiE2Emt AH|7 |8 BiE2FQ| Hlw 31



Inomata and Uedac 2013). H=3}t L] th7] Q. AE
Ao] g FRol 370828 E fY=l= Zo] 7st
o= gre|zHA, 7129 BAE 5ot
Fagjt A, Arel, oA detow FAEY Qitk
A, wARA] 23S fleide A =7 HERE
gt opdet, QIR 7] 2=7AQl &
oo} 5 thdel Basith

AAHA] Z7g 0] 571 7 Fol Te Pl
SiAE TR SE7bol gl = mAHz|e] Y
Aol tigt wekAQl A7t Hashet. miAHz|e}
22 S HEH9] viE T AARHIE 1o}
= deiA AZIEE  EiES]A(Production-based
emission inventory)@} 4xH]7 |5} Hl}&3] A\ Consumption-
based emission inventoryy= 7 AIAIA XHd, =71 2}
9, =3 A 9H 2pA0] 5 EAeflA theksiAl 4
L&1 QItkLiang, Wang, Zhang and Xu et al. 2017).

o}, 9hA AHZRE EiE R AlR IS A=k wilE
2] LAY, Ap=ollA] AHISh= Aot 2 AHAR <
off A e FA=ATE YAR Aol &, =7 W
ALt Aol sk @ BEES AAsk= 7igol
ofuel, HIE oA AR E et 2459 Ao
ofsf| 'WYsk= L HdE=ES A= Zolth

F 7R HiER]A 0] HAIE AASHHA A
H|7|3F Wi &S] AIE Aefsiof qiths A7t v
P=|3 IthKondo, Moriguchi and Shimizu 1998;
Munksgaard and Pedersen 2001; Lenzen, Pade and
Munksgaard 2004; Munksgaard, Christoffersen, Keiding
and Pedersen et al. 2005; 2007; Wilting and Vringer
2007). 50|, 71FH20] T8 UIQl ojitsteAa
(CO2)°ll Tt A7} wo] ool om, L d=
ofli ARZom pEEE Aot AArto= s Ay

32 ZEAT H[1057(2020, 6)

St L A=E0 Ao theh =2lof HWol dgHth
(AYF, B45-& 2019; Kim, Moon and Kagawa 2019).
o= opitsfeat mAHZ|oF 22 @ FEHof| ol
AB7HE BiESAVE 74 0.H0] =7t 7t Rl
o] A2 oS Ased & Akl o1717] whzo]
Ch(Peters and Hertwich 2006). 941, 4H|7|8t vjES
Are A=) AR QI g e d=do] v U
2loflA] duit Hol viE=I=AE AgSlel] v
of, HIF A=l AH e e e LFEE]
2ie J1of digt o] EAg= 2AE Alseitt
(Wiedmann 2009). <, 2:H]7|5t HiE2]Al= Aih=7t
5t opet AHl=TAlE 9 FEo] Aels §
ofg 4= Q7] wizoll, AZNE=7He] mAA] A

T AL D WIS GRS 5 o DA

c

=€

alAR] gDt oot & S, e 2 dRe
o2 wAHZ ] A7 [RE siESAIE APgstal
2F itk dukd o g A7t uiES Al Wt 1
of sk LBEEE Sl AP Andersson and
Lindroth 2001). ?h=r, $=, 9 &2 3+ w o} Aok

v



LAl PAE Sl B} avl= QI e A
T, 55 4 =] aH|= QIjE 2 FFS EAst
1A gk 2 m=Rolke AP 9 AHP7IE HiE
SAE 6l 370 =7F 7he] miAA] e e EE

o] oS Mg Bz} S}

1. AM7|EE 3 AH|7|8E HEES(AI2| THE

oA R] o] A7 IEE siE At An] IR B E ] A
o] 7d< Zhes] i) ffsh =7tacid= Aot
alT} 22 AAYeET ZIIBOIAE A5 b1} b22 A
ARITHY 7Pgsiak. Bt 7t Afiske At WAy
Sh= oA S ALl AekEmbodied) o] Q)
oh 7PgskAk<Figure 1> ). e} al7} b2 1
Azt AArE 2ot A AHED, AE) a2 27tA
o 27BRE &35, A} b1 7Bl 271A

B $ER olnf S7tAS] MR o] A7

=%
a}x

] gel, =712

A3} 17} 222 ASHEA SER=(H|5kE)
a|AHz| 2] AL HiE

2 AS} b1} b2 ArtelEA] ESk=AISH) 1

Alz]golet. §Hd, =71A9]

B2 Aot a13} b19] Ao
ZlolH, =71 2] mAIA]e] 2H|7 |9k HiETR Ao}

a2} b29] Aok v
A B3zo] AAZIRE Bl

Z|ORS- T

19

= o
i

o=

S b e L)

AR

&3] Zolet. Aol

=7FA(=15)7F =7}

B(=10)Et} FA|g, 287 siEE=2 571B(=20)
7} F7tA=5)ET} B Act Z7tAclA o[RS o

P~ &g
S

o>‘
oldl

18
[o
oft
1)
‘In
W
S
m

of Bo] ofzsta ol 5, F5o] AT Tl 2

| iEShe Ao, ol

2~ 0]

e

S

=271

YRR 27

HIE S1ElA WS gk & 4 9l olig
92 7l SR o 2t 712 2

23] 929} 92

R 930 B 013

0 2HE 0] 29

=13

Figure 1_Production—based and Consumption—based Emissions from Both Countries
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Nation, Korea (K) | China (C) | Japan () Korea China Japan [0 Output(X)
Industry(7) 1o 1oj 1oej (K (@) @)
1
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ol I I B R I e IR e B e I I ¢
1
1
27 ( g;‘ ZLJCA ch ZIJ('J yer e o EF pes
1
1
Japan : JK JC JJ JH JjC JJ J J
| g z] 7/ | vy, I ¢
7
Import [7]‘ ]j(? ]](
Value Added ( V) vE ¢ I’
Total Inpuc (X) X x‘ x/
PM2.5 Emission Pr pPf P/
& 59l 78 5 lek = PR/ X AR o
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Yy = E YL]J?S-i- EE <Al 3> i x!
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_ _ |y _|yr ]
AX+Y=X& X=(I-A)'Y=LY <4 4> Y=|v", X=|x <A 5>
¥ X
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P=FLY <2 6>
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Table 3 _PM Emission Factor by Energy Source, Industrial Sector, and Country

ol Aol Aok nAHA g

(unit: ke/million toe)

Coal Oil Gas
Industrial Sector

China | Japan | Korea | China | Japan | Korea | China | Japan | Korea
1. Primary Industry 54.773 0.000 0.000 | 10.143 | 24.328 3.493 2.536 0.000 0.000
2. Mining and Quarrying 2.054 0.000 0.000 0.380 0.015 0.167 0.095 0.004 0.000
3. Fuels and Coke 5.567 0.000 0.117 1.031 0.040 0.022 0.000 0.000 0.000
4. Supply of Power, Heat and Woater 0.778 0.107 0.088 0.144 0.020 0.016 0.036 0.005 0.004
5. Metal 20.217 1.388 1.932 3.744 0.257 0.358 0.936 0.064 0.089
6. Non-metallic Mineral Products 11.086 4.668 5.797 2.053 0.864 1.074 0.513 0.216 0.268
7. Chemical Products 0.212 0.482 3.393 0.039 0.089 0.628 0.010 0.022 0.157
8. Paper Products and Publishing Activities 1.159 0.514 3.347 0.215 0.095 0.620 0.054 0.024 0.155
9. Manufacture 6.003 9.416 4.821 1.112 1.744 0.893 0.278 0.436 0.223
10. Construction 9.988 0.000 0.000 1.850 5.201 2.821 0.462 1.300 0.705
11. Transport 7.569 0.000 0.000 1.402 0.431 0.584 0.350 0.108 0.146
12. Residential Activities 59.152 3.562 7.608 | 10.954 0.660 1.409 2.739 0.165 0.352
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Table 4 _Embodied PM in Intermediate Good, Final Good, and Total Trade among 3 Countries
(unit: billion US $, KT)

Importer
Intermediate Good Trade Final Good Trade Total Trade Embodied PM (KT)
Exporter | Sector | China | Japan | Korea | China | Japan | Korea | China | Japan | Korea | China | Japan | Korea
AG 1218.09 0.81 0.42 | 438.34 1.00 0.87 | 1656.43 1.81 1.30 | 919.02 1.00 0.72
MN 1200.43 0.54 0.64 | 14.31 0.21 0.12 | 1214.74 0.74 0.76 | 15.73 0.01 0.01
FU 791.80 1.14 1.34 | 39.32 0.13 0.32 | 831.12 1.27 1.65 | 860.79 1.31 1.71
PW 979.53 0.09 0.10 | 73.75 0.08 0.03 | 1053.28 0.18 0.13 | 954.25 0.16 0.12
MT 2212.01] 1101 14.58 | 67.46 2.53 0.75 | 2279.47 13.55 1533 [3928.61 | 23.34| 2641
) NM 838.89 2.45 4.99 6.37 0.30 0.08 | 845.26 2.75 5.07 | 1715.93 5.58 | 10.29
China CH 1949.99| 10.37 8.70 | 68.94 2.72 0.38 |2018.93 | 13.09 9.08 | 1820 0.12 0.08
PP 325.63 1.06 0.57 4.70 0.32 0.07 | 330.33 1.38 0.65 9.78 0.04 0.02
MF 5423.65| 3749 | 3898214095 | 97.37 | 29.73 |7564.60 | 134.86 | 68.72| 311.52 5.55 2.83
CT 244.19 0.01 0.01 | 2761.21 0.00 14.31 | 3005.40 0.01 14.32 57.99 0.00 0.28
TR 782.21 1.54 0.50 | 123.12 0.49 0.48 | 905.33 2.03 098 | 357.94 0.80 0.39
RC 4005.82 0.69 3.34 | 3587.12 0.47 2.56 | 7592.94 1.16 5.90 | 5795.07 0.89 4.50
AG 0.07 88.21 0.03 0.02 30.96 0.01 0.09 119.17 0.04 0.01 18.11 0.01
MN 0.45 33.75 0.23 0.19 0.38 0.01 0.64 34.13 0.25 0.00 0.01 0.00
FU 1.26 | 100.15 1.88 0.34 53.80 0.54 1.59 | 15394 | 242 0.06 6.16 0.10
PwW 0.01 150.37 0.01 0.00 66.57 0.00 0.01 216.94 0.01 0.00 11.31 0.00
MT 1478 | 383.94 | 14.65 1.27 34.10 1.37 16.05 | 418.04 | 16.02 0.58 15.23 0.58
NM 244 49.45 2.20 0.05 1.85 0.01 249 51.30 2.20 0.81 16.80 0.72
Jopan CH 17.34 | 295.81 | 14.06 1.55 24.89 0.41 18.89 | 320.70 | 14.47 0.12 2.03 0.09
PP 0.86 | 13533 | 0.53 0.41 1091 0.04 1.27 | 146.24 | 057 0.01 0.88 0.00
MF 44.28 | 578.18 | 13.40 | 40.20 | 41449 | 1195 | 8448 | 992.67 | 25.35 0.63 7.46 0.19
CcT 0.01 95.53 0.01 0.00 521.35 18.83 0.01 616.87 18.84 0.00 10.76 0.33
TR 1.63 | 178.89 | 0.05 0.64 | 12299 | 0.34 2.27 | 301.88 | 0.38 0.20 26.35 0.03
RC 043 | 147651 1.11 0.41 |2980.57 | 6.49 0.84 |4457.07 | 7.60 0.00 20.21 0.03
AG 0.04 0.06 41.81 0.02 0.14 13.54 0.06 0.20 55.35 0.01 0.02 4.83
MN 0.02 0.02 4.77 0.00 0.00 0.04 0.02 0.02 4.82 0.00 0.00 0.01
FU 6.46 5.52 72.41 1.47 1.69 3.76 7.93 7.21 76.17 0.20 0.18 1.91
PwW 0.02 0.03 94.80 0.01 0.01 27.43 0.02 0.04 122.23 0.00 0.00 6.45
MT 6.14 832 | 18558 | 051 1.37 6.79 6.65 9.69 | 19237 | 0.38 0.55 10.95
NM 0.74 0.36 13.27 0.02 0.01 0.24 0.76 0.36 13.51 0.77 0.37 13.83
Rorea CH 2597 4.51 178.07 | 0.80 0.47 7.71 26.77 498 | 185.78 | 0.10 0.02 0.67
PP 0.39 0.24 43.29 0.10 0.03 9.15 0.48 0.27 52.44 0.00 0.00 0.18
MF 66.69 7.63 | 41092 | 45.18 8.55 157.72 | 111.88 | 16.19 | 568.63 | 0.58 0.08 2.93
CcT 0.01 0.01 10.01 0.00 0.00 184.65 0.02 0.01 194.66 0.00 0.00 2.37
TR 0.89 0.35 80.95 0.16 0.17 26.28 1.05 0.52 | 107.22 | 0.15 0.07 15.31
RC 7.93 3.32 | 45829 | 4.49 1.17 | 686.36 | 1242 4.49 |1144.65| 0.19 0.07 17.96
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Table 5 _Production-based and Consumption-based Accounts of Trade and Embodied PM

1) Trade (unit: billion US$)
I
Variable - T
China Japan Korea Total
China 29297.82 172.81 123.87 29594.50
Japan 128.63 7828.96 88.17 8045.76
Exporter
Korea 168.05 43.99 2717.83 2929.87
Total 29594.50 8045.76 2929.87 40570.12
2) Embodied PM (unit: KT)
I
Variable - T
China Japan Korea Total
China 15619.12 41.65 50.25 15711.02
Japan 2.85 146.04 2.33 151.22
Exporter
Korea 291 1.65 86.92 91.47
Total 15624.88 189.34 139.50 15953.71
3) Production-based Trade Share (unic: %)
I
Variable P
China Japan Korea Total
China 99.00 0.58 0.42 100.00
Japan 1.60 97.31 1.10 100.00
Exporter
Korea 5.74 1.50 92.76% 100.00
Total 72.95 19.83 7.22 100.00
4) Production-based Embodied PM Share (unit: %)
I
Variable P
China Japan Korea Total
China 99.42 0.27 0.32 100.00
Japan 1.88 96.57 1.54 100.00
Exporter
Korea 3.18 1.80 95.02 100.00
Total 97.94 1.19 0.87 100.00
(continued)
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Table 5 _ Production-based and Consumption-based Accounts of Trade and Embodied PM (continued)

5) Consumption-based Trade Share (unit: %)
Importer
Variable
€ China Japan Korea Total
China 99.00 2.15 4.23 72.95
Japan 043 97.31 3.01 19.83
Exporter
Korea 0.57 0.55 92.76 7.22
Total 100.00 100.00 100.00 100.00
6) Consumption-based Embodied PM Share (unit: %)
I
Variable , o
China Japan Korea Total
China 99.96 22.00 36.02 98.48
Japan 0.02 77.13 1.67 0.95
Exporter
Korea 0.02 0.87 62.31 0.57
Total 100.00 100.00 100.00 100.00
oh= TIARAR|FS] 22.00%7T AltE]o] 9o, Th=t Table 6 _Embodied PM per Consumption—based Trade

o] ulz Q1s) WAsh wAIEAIake] 36,0207 A
shslo] gle}. =, St Qo] Aujshs As} A
A o) iR DA SRl Al R i

= [e}ie} 2~
=5 des & o 9l

o, F3, 2L QR iamm SR
o vl 2t mefee] PP WA, 37 7

itohs Astell AskE wAHz|Fe] gopRIt,
<Table 6> &H|7|5t 71202 Ak nlAHZ|YF/
WP LERH Fott HolA] & &= Ql5o] T
Zoll Azt AHAE (TR EFTATDY
0] 97 7 HoH, (G HFRATDETT Y
I 1 Rl
2 2=ollA] Aatsto] Z=ella] Anlshe e}
ofli= AR} 0.799HF HSFE]o] QL= WHA, S
oAl AYitste] DielA] aHlsh= Aelolh= AR
7} 105295 At o] ik o]} - A2 7t

ko Rl
12

o T
(o]

Ir we A

7

SSOIAOF OMIZHX|Q] HM7|HF HiE&

Importer
Variable
China Japan Korea
China 1.01 10.52 8.88
Exporter | Japan 0.13 0.79 0.53
Korea 0.08 1.60 0.66
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