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Contribution Assessment on Air Quality in Korea

Local vs. Transboundary
Contribution

Primary vs. Secondary
Composition

Ammonium
14%

Seoul Metro

for KORUS AQ, BXflights

2016 May~Jun period

NIER/NASA, 2017
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Concentration and Emissions
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Emission Inventories

: Spatial Temporal .
Inventory Inventory Domain patie por years Sector / chemical
resolution | resolution
Anthropogenic / Biomass burning / International
_ shipping / Aviation
EDGARV4.2 Globe 0.1x0.1 Annual 1970~2008 CO, CHaN,O,F-gas,
CO, NOx, SO2, NH3,VOCs,PMso
Monthly Anthropogenic / Biomass burning / International shippin
200071 2100 g / Aviation
RCPs El Globe 0.5x0.5 (.1 decade (Base year 2000) CO5,CHa.N,O F-gas,
interval) BC, OC, CO, NOx, SO2, CH4, NH3, VOC
Latitude : -10 ~ 50 Anthropogenic/Biomass burning/International shipping
TRACE-P 2000 Longitude : 60 ~ 150 0.5x0.5 Annual 2000 SO, NOx, CO, NMVOC, NH3, OC, BC, CO,. CHa
Latitude : -10 ~ 50 Anthropogenic :
INTEX 2006 ||\ gitude: 60~ 150 0-°X0-5 | Annual 2006 SO,, NOx, CO, NMVOC, OC, BC, PMo, PMys
Historical : 1980-2003
Latitude : -10 ~ 50 Base :2000 Anthropogenic :
REASVI | Cngitude : 60 ~ 150|  0-2%0-5 Annual | oo iction : 2004-2009 /SO, NOX, CO, NMVOC, NH,, OC, BC, COz, CHs, N;O
Project : 2010, 2020
Anthropogenic:
Asia + Middleeast + S0O2, NOx, CO, NMVOC, PM10, PM2.5, BC, OC, NH3,
REAS v2 Asian part of Russia 0.25x0.25 Monthly 2000-2008 CH4, N20. and CO2
Soil NOx and others
NIER/KU Grid on-demand Anthropogenic/Biomass Burning/Biogenic
CREATE Asia (SMOKE/MEGA| Annual 2010/2015 CO2, CH4, N20, CO, NOx, NMVOC, NH3, PM10, PM
i N/BlueSky-Asia) 2.5, S02
Anthropogenic.
MEIC China 0.25x0.25 Monthly 2008, 2010  [SO2, NOx, CO, NMVOC, NH3, CO2, PM2.5, PM coars
e, BC, and OC
Anthropogenic:
CAPSS South Korea 1km Annual 1999-2011 CO. NOx, NMVOC, NH3, TSP, PM10, PM2.5, SO2
Annual/ Anthropogenic (All GHGs, APSs)
ECLIPSE Globe 0.1x0.1 1990-2050 CO2, CH4, N20, CO, NOx, NMVOC, NH3, PM10,

Monthly

PM2.5, SO2




Emission Inventory in Asia

2010 NEACAP Round Table Meeting

Emissions Inventory : NIER/KU-CREATE*

* Comprehensive Regional Emissions for
Atmospheric Transport Experiments

Woo et al., 2014

GAINS-Asia
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Et 7

W CHEH
I CHUB
[ HOTO
[ KANT
I KINK
I KYOK

GAINSKorea
17regions

| Activity data The GAINS Basics
| Emission controls
I8 Costs Social development
a onomic activitie:
© | Emissi
| AIr quality and impacts
POLICY ANALYSIS:
Help center Simulation of
’ policy packages
Cost-effoctiveness analysic®)
Cost-bane fits assessment*)
v
Emissios
Air quality and climats
indicators
PR 'i:;::;‘/“""' Monetized benefits')
!M\

$ GAINS Korea

1RSA
Greenhouse Gas - Air Pollution Interactions and Synergies

A 17 regions, Y 2010~2050

A Pollutants: CO2, CO, NOx, SO2,
VOC, NH3, PM10, PM2.5, BC, OC

A Sectors: Energy, Mobile,
Industrial Process, VOCs,
Agriculture

A Transfer : CAMx & SMOKE

S GAINS East Asia

Greenhouse Gas - Air Pollution Interactions and Synergies

*) Not available in the GAINS Basics mode

1. Anthropogenic Emissions Inventory :
Improved GAINS-Asia and GAINS-Korea
emissions using national info.
2. Year 2010, Asia regions, ~300 SCCs
3. Pols.: CO,, NO,, PM,,, PM, <, SO,, VOC, NH,, CO
4. Biogenic(MEGAN),

Biomass burning(BlueSky)

+ 5. Emissions projection and processing
) friendly 6
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Comparison of Emissions Inventories

South Korea

CO : divided 10
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Uncertainty of Bottom -up Emission Inventories

Overall Uncertainty in Anthropogenic Emission Estimates (095% Confidence Intervals, Unit: %).

g 180 600 S 180 o0
8 160 : S 160 : o
s 3 China 500 &
2 Sla 500 8 " S
S 140 o) < = 140 9 O
z Q o o O z o & S o)
g 120 S S N 4000Q g 0| 9 S N 400 .
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2 24 o = 2 2 40 a o z c
£ 40 ® c g 5 £ ) = < -)
; - E/. ° 100 g 20 S -g./‘ o 100
j 2 — S — — :
N 2 N =
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2000 2006 2010 2000 2006 2010
Year Year
—o—CO —8—502 —+—NOx —8=NMVOCs=8=BC ——0C —8-502 NOx =€=NMVOCs =€=BC =€=0C
M. Li et al. 2017
Regions S0,  NO; CO NMVOC NH; PM;; PMss BC OC CO, References _
China 12 #3170 +68 +132 #1300 208 258 Zhang et al. (2009) CREATE 2010 (China)
401 107 +I8T 4229 Leietal. (2011) Woo, 2013
—1413 —1337 —1445 —17-54 25136 —40-121 Zhao et al. (2011)
—16-17 4303 —43.80 Luetal (2011)
31 437 486 +78  £153 #0114 #1317 £271 £31  Kurokawaetal (2013) &28% (SO,), ©39% (NOX), O68
India  —15-16 4187 —4492 Luetal (2011) (NMVOC), 060% (CO), 0101%
32 #9114 H137 444 £120 £145 178 £233 449 Kurokawaetal (2013) (NH,), ©50% (PM,), 654% (PM, )

Others 135 +47  £131 111 £148 £154 208 1257 286 44 Kurokawa etal (2013)




Emission Verification using Inverse Modeling Method

Bottom-Up Vs. Top-Down

Ground/airborne/spaceborne
measurement data

Results

Emission Inverse modeling CHAPTER 6

estimation

Emission factor, Emission

Control equipment, estimation

Penetration -
QUALITY ASSURANCE/QUALITY
Various activity statistics CONTROL AND VERIFICATION

(fuel use/population/housing
units/manufacturing/jobs)

The 2019 Refinement
to the IPCC Guidelines

[ / G G Authors
On Na[lona H S Shamil Maksyutov (Japan), Simon Eggleston (UK)
Inventories A tun Woo GouthKores) ShuangFang (Chin) Jogitaya Wi South Afic), i Gilnvae
2019 R f' Contributing Authors
( e / n e m en t) Alistair Manning (UK), Stephen Ogle (USA), Cynthia Randles (USA), Michela Maione (Italy),

Melissa M. Weitz (USA)
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B-U vs. T-D comparison (SO,, China)

40

SO, < CREATE _v3.0
35
30
25
;20
2
15 Bottom-up
H Tibet O Xinjiang
10 O Qinghai I Inner Mongolia
[ Heilongjiang [ Gansu
5 @ Yunnan
O Shaanxi & Ningxia
H Guizhou H Chongqing
1990 1995 2000 2005 2010 2015 o Jilin H Liaoning
=4 [JHainan [1Hunan
10 O Hubei O Henan
@ (Bottom -up) A (Top-down) ® Guangxi ® Guangdong
O Jiangxi @ Anhui
“-GAINS_ECLIPSE  __globemission_MarcoPolo s  Fujlan  shandong
@ Zhejiang W Jiangsu
--GAINS_WEO a Shanghai
0 tob O Hebei H Tianjin
Emissi MI REATEV3.
-*-MEIC o Tzﬁ:r - ‘ (zms:,)3 ° H Beijing

¢ CREATE_v3.0 (Top-down)  (Bottom -up)



Ga/yr

Emission Inventory in Asia

450

400

350

300

250

200

150

100

50

2010 NEACAP Round Table Meeting

B-U vs. T-D comparison (NO, North Korea)

NOx

1990 1995

® (Bottom -up)
-»-GAINS_ECLIPSE
-—~GAINS_WEO

® REAS
¢ CREATE_v3.0

\

Bottom-up

2000

A (Top-down)
-+DECSO

2005

Top-down

™

2010

2015
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B-U vs. T-D comparison (NO, South Korea)

1,600
NOx
1,400 o (BOttom -Up) A (Top_down)
~-GAINS_ECLIPSE  _,_DECSO
1,200
-—GAINS_WEO
1,000
-o-CAPSS
800 \
3 Bottom-up CREATE_v3.0
3 Fop-
600
down
1,400
400 (A) (B) 7 S.Korea coastal sea
200 W Jeju
0,
100 7.8% W Gangwon
) O Jeonbuk
A I
1990 1995 2000 2005 2010 2015 -
B Gwangju
O Daegu
800
T_ D VS. B - U N O Gyeonghbuk
:’E O Gyeongnam
250 250
600 O Ulsan
200 N 200 R?=0.9355 7 |. Busan
c ' O Daejeon
g 150 R? =0.2358 150 400
o o e H Daejeon
a ~
o 10 '. ' 100 : B Chungbuk
R R R O
.; o O Gyeonggi
-’ % ®
’ [1] 50 100 150 200 250 ° 0 50 100 150 200 250 0
Bottom-up Bottom-up DECS0-OMI 1 CREATEV3.0 DECS0-0MI 2 & Seoul
(Top-down)  (Bottom -up) (Top-down)
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Understanding Emissions From an Aircraft Field Campaign : NASA KORUS -AQ

K’R!ES‘7A EMISSION INVENTORY : KORREATE

Science | |
A Better understandingof the factors S +hg o
. . . Lz an v & - S
controlling air quality E N iy b
A Test andmprove model simulations I
of air quality Monthly emissions GRIMS-Chern, WRF-Chem, - ISR
with o.|1 :!eg. gridded CMAQ,CAMy, and others resolution over
Societal Impact entire e ; e

A Provideguidance on measure® improve air
quality in Korea

Total Mass (ug/m3)

NorthEast Asia
outflo

DC-8 Airborne Laboratory 14

@/ NASA Dryden Flight Rescarch Center Photo Collection
hitp://www.dfre.nasa.eov/Gallery/Photo/index.htm!
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Providing Emissions Information in support of KORUS

MAPS-S

mosaic emissions
GAINS Eclipse CREATE CAPSS

MAPS-Seoul
Emissions Processing
System

27km gridded,
hourly emissions
for year 2010

0.5 degree gridded,
monthly emissions
for year 2010

Verification

f0oN
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AQ
Forecasting
Systems

GEOSChem
(SNU)

WRF-Chem
(PNU)

CMAQ
(GIST)

CAMXx
(AJU)

o

@ ﬂ

& ﬂ M ==eas(MAQ
SRAT

2 15-01-01  2015-02-01 20150301 20150401 2015-0501 2015-06-01 201507-01 2015-08-01 2015-09-01 20151001 20151101 2015-12-01

-AQ

PM
Concentration

Aircraft
PM, : 31.1ug/m 3
13% Primary
87% Secondary

24%

Surface
PM,; : 22.1ug/m 3
24% Primary
76% Secondary

—— CAMx

KORUS RSSR

15
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481
449
417
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343
321
2849
287
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161
124
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Standard KORUAQ Emissions (0.1 degree)
Layer 1 NO2[8]+ NO[8]

[B]=eots_1.20150601.1 KORUS_0M1 d KORUSYE 5_all_v2 ncf
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0.100

0.0a8
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0.038

0.025
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Effect of VOC Emission Improvements : 3D CTM

" OLD (GRIMS-Chem vs. DC-8)
BENZ [ppbv] TOLU [ppbv] XYLE [ppbv] 03 [ppbv]
:: oo 6 e ~— ,,v’/ 14 ....... v ‘..’./, 5 ,,,T bl : T v ,//:
" slope=0.36 - 12" slope=0.20 /" 4 slope=039 . |50:- slope=0.61 " !
u z 4 R=024 0. R=038 S R=041 ~ R=049
"z i - 8. ’ 3 & 2 = ’
108 EDDIS o £ g ’I
. = 6" 2 ;
KORUSAQDC-8 4 :
— - " 2 1 5% << Vg
. . . 0 iy 0 LIER o
" N 0 2 % 8 DRABENENN 0 1T 2E & B 5 s 00 50 50
: __ ?ﬁ% oo Observation Observation Observation Observation
f KORUS v1.0 Emission,ﬁ B
I (ARO1) : Source : R. Park, SNU

Whole flight track (<2km)

UPDATED (GRIMS-Chem vs. DC-8)
i BENZ [ppbv] XYLE [ppbv] - 03 [ppbv] ]
e N 6 . VA 4 [ T AR A P—
May 9, 2016 Flight 4 (Toluene 1 l slope=0.36/,r 25 . . 8- s.'°p°=°'86 7 sol H_P g
|« NS 4l 5 4 R=024 - 20° R=0. g R=037 =08y
) é // 15 = * 00
108 1 2 ams 2+ . g 10 -, 4__
ol [ 5 50
"l S L D R i
1 " 0 WAL 0 =TS RS ITWR TN ¢ | R A 0 W SRR ¥ )
ali 0 2 4 6 051015202530 0 2 4 6 8 10 O 50 100 15 200
o ' . Observation Observation Observation Observation
i KORUS v2.0 Emissiorg
' (AROl) o [
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Understanding LPSs Emissions

Dangjin Power PI

SO2_GTCIMS (unit : ppbv)
0.0-0.438
0.438 - 1.244
1.244 - 2.258
2.258 - 3.876
3.876 - 6.469
6.469 - 9.717
9.717 - 18.488
18.488 - 34.219
34.219 - 69.026
69.026 - 112.343

CAPSS 2013t:Large
Point Source Stacks

Updated CAPSS!t:stacks
plus2 New Stacks

Ratio( . —40del__y | caApss 2014
Measurement




Emission Inventories for 2019 LTP

<Overall Database>

TN

A CREATEomprehensive Regional Emissions inventory for Atmospheric Transport Experiment) inv
provide the DB structure

<China> <South Korea>

A CRAEfChinese Research Academy of Environmef] A CAPSSlean Air Policy Support Systemsed
Sciencesprovided year2017 (19provinces and 26+2 || for year2015
cities

A MEIC(Multi-resolution Emission Inventory model) <Japan>
usedfor the rest of provinces in China

—

A ACARAsia Center for Air Pollution Researc

<Rest ofAsia> provided year2015 El
A CREATIventory was used

<Volcano>

<International Shipping> A ACAPinventory will be used
A Liu et al., inventory is being used

T

<Mosaic Emission Inventories and Modeling>

A Inventory Mosaic : National, Rest of Asia, Shipping, Volcano
A Emissions Modeling : SMOKE -Asia 19
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Summary of LTP Emissions Inventory

China Korea
30 — 1,200
CO : divided 10 CO : divided 10
25 1,000
20 800
215 % 600
e ©
10 400
] I I I I " I I I
0 o | == =
Ox PM10 PM2.5 Ox Ox PM10 PM2.5 Ox
Japan B Power M Industry M Residential © Transport M Agriculture M Other
1,400
CO : divided 10
1,200
1,000
= 800
-
&
O 600
400
0 =
co NH3

NOx  PM10 PM2.5 Ox 20
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Integrated Assessment of Air Quality

Socio-economy

Em, = Controlled point/area source emissions of pollutant A
EF, = Uncontrolled emission factor for pollutant A

Act = Category activity
RE = % Rule effectiveness

CE= % Control efficiency/ 100
RP = % Rule penetration/ 100

Pollution Process

Jacob et al.,(2007)

- A Surface air quality [&——

_ icai f non -Fuel FORCING
Energy-Emissions Activity
t Energy |
t Fuel
f Population Activity \ 4
A Emissions —-’{ A Climate
f GDP f combustion
Equipment T l
f Policy
f I 5 . a
Tec;%”;{ggy o A Atmosphenc A Air pollution
chemistry meteorology
Emissions Inventory l
Em, = (EFA)(Act) [(1 - (CE)(RP)(RE)]

-

1 Pollutant A > .
NATIONAL S Pollution Level

Health Impact g
I = sl
i """‘?@ *UC'J' Regional i_(
I 3 0 "g
iy A X_M_ 5 5
R Health Impact
4 :"‘“‘"“ = Concentration x Intake




SO, (ppb)
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Air Quality Policy and Concentration Changes in Korea

Suppluing low
sulfur fuels
100 - 250 4 - 0.30
v Nolead & TSP
'\! : Phosphorus —e— CO
: gasoline —=wp PO 929
80 A 200 \ .
\ Operating o sl gl SO
\\ 7 ... CleanSus - 0.20
60 4 %~ 150 4 . M1 X “u
1 E ARy Ban the use of 3
D v ® . Q.
Y Elarging © 8 «  implementation O
w0{ @ 1w00{ LNGusa - 4w 0f management ©
plan L 0.10
1 Limitati
a:solld t ik
20 - 50 A el usage L 0.05
1 -
YYovvrveyYYyvovwv 'y
o o A A v T A | | L ) L) A J T L) L) L) L} L)  J \J |} o - o-w
5828838883558 888¢382385¢8
Year

Moon et al, 2018

Pb (ug/m®)



PM2.5 [ugm”]

Primary and Secondary PM  Contribution

During the KORUS-AQ

05/10 — 06/10 (not counting 05/20-05/23)

Daily PM2.5 at Olympic Park

Regional Mask

Contributions of anthropogenic NH;

[ ADJ: R=0.73 NMB=-22.5%

Contributions of anthropogenic OC

0510 0515 0520 05256 0530 08604

Date

Regional Contributions

South Korea
North Korea
Beijing Region
Shandong Region
Shanghai Region

Liaoning , Japan, Yellow Sea, etc

] Contributions of anthropogenic NO,
4 e o
"‘,‘3
W
' A‘ ’
06809 0614 =% N

”‘" .‘. - .:'f ¢
bd s
L Sy SR

Contributions of anthropogenic BC

Choi, Park, Woo et al., 2019

52 ‘
9 ' 4 y ‘)""' ‘ f_ "_,';, .
CES ’:‘._‘, ‘:,_ 5 ko7t 3_,:) P
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22 LS Oy &
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Assessment of Transboundary Benefits

PM, ¢ concentration (year 2030, Korea)

U Assessment of Control Policy Impacts KgreaChina linked scenario

30
25
Target conc.
20 - For the year 2021(Seoul)
:20 ug/m3
15 - mS.Korea
Background
10 ® China
ug/m3 m N.Korea
5

Yr 2010 4 3.6~7.2ug/m? of additional PM2.5 concentration improvement can be achieved
from Chinads reduction



New IAM in Korea
GHGs and Air pollutants Unified Information Design System for Environment(GUIDE)

NATIONAL

Cost-Benefit Health Impact
Analysis

*GUIDE : GHGs and air pollutants Unified Information Design system for Environment
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Benchmark Models for the GUIDE System

T
* 0 © 0o imna e

Objective 1 ObJeCUVG 2 !.% GAINS KOREA
: Energy & DecisionMaking Model : Emission & Ar Quality Mode! o
Economy and Energy =
Projection Model GHGs and AP Inventory A=
Energy & Technology Health Activiy | |Emis.Factors| |Control Tech, T
Activity DB and CostDB | | ImpactDB L N ] g
—~ Down | Integrated GHGs -AP Inventpry it

. — Cost-Benefit Decision Making Model sgl'i)ng G A I N S (I I A S A
M E S SAG E( I IASA) Socio-economic, GHGs and air ATQualy Node P=

Ais Benefit/Eost & Attainment. Assessment System

Asia-Pacific technological index DB pollutants control Source-Receptor — e e
and statistical analysis technology and policy (RSM-VAT) [ : ;
A model selection model , A , = g B IS

v AR ntegra Cost-Beref ' Met. Air Quality Emissions [ e

= " Model Model Model ™ ABaCASE)
Analysis Model \ / i o g N

TTT T MmN T
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GUIDE
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GUIDE Model Software
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Summary

Long-term air quality in Korea has been improved but fine particle
pollution is one of the remaining issues

Understand air pollution in Korea and Northeast Asia includes many
challenging issues such as climate change, transboundary transport, aging
effects

Needs for integrated management as a regional community is increasing.
Not only international but inter  -disciplinary collaboration as a community
IS essential

Common understanding of baseline emissions provides very important
ground toward cooperative solution on regional air quality of Northeast
Asia

Many recent activities with emission groups would provide good basis on
this collaboration
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Thank you!
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