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International Workshop on Atmospheric Modeling
Research in East Asia (MICS-Asia III}

More than 40 scientists will participate in the 2017 MICS-Asia ITI workshop to
report on and discuss progress with the analysis of model intercomparisons for
the three topics of MICS-Asia II.

The MICS-Asiz III project has its focus on the
evaluation of the strengths and weaknesses of current
multi-scale air guality models, and aims to provide
techniques to reduce uncertainty in Asia, to develop
reliable anthropogenic emission inventories for Asiz, and
to research the interaction between air quality and
climate change. At the workshop, the participants will
report on and discuss the progress made with the
analysis of model intercomparisons for the three topics
of MICS-Asia ITI, which are: the comparison of modeling
systems, the comparison of emission source inventories,
and changes in the atmospheric environment and

climate.

This workshop is co-hosted by the Asia Center for Air Pollution Research (&CAP) of Japan, the
Institute of Atmospheric Physics (LAP) affiliated to the Chinese Academy of Science (CAS) and
ITASA and will bring together more than 40 scientists from 24 different research institutions in
12 countries.

The first 11 meetings of the MICS-Asiza project were hosted at IIASA. After that the meetings
were moved to China, as more and more of the modeling community came from Asiz. To
acknowledge the importance of IIASA as 2 breeding place for sdentific cooperation, even in
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MICS-Asia Phase | (1998-2003)

: Long-range transport and deposition of sulfur

» After the acidification debate in Europe, projections of economic growth
in Asia raised concerns about future SO2 emissions in Asia

* However, transboundary aspects were controversial

* [IASA offered neutral, scientific meeting place (5 workshops at [IASA)
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Model settings L,

- zero boundary conc. Taiwa

- Vo prescribed

5 Eulerian and 3 Lagrangian
Models were participated

Source : M. Amann(2017) and H. Hayami (2017) 3<MICS-Asia Workshop, IIASA, Sep 19, 2000



MICS-Asia Phase Il (2004-2009)

: Understanding the multi-pollutant nature of pollution

Unexpected acceleration of economic development and emissions growth

A wider multi-pollutant/multi-effect perspective on air quality management,
learning from European experience

Extension to nitrogen, ozone and aerosols

Six workshops at IIASA

9 Eulerian Models(3D) : 0.5 deg grid

Seoul Nat'l U SNU model
Hong Kong EPD PATH
ADORC (Japan) RAQM
Kyoto U (Japan) MSSP
CRIEPI (Japan) CMAQ
SMHI (Sweden) MATCH
CEREA (France) ATMOS-2
U. Tenn. (USA) CMAQ

U. Iowa (USA) STEM III
Source : M. Amann(2017) and H. Hayami (2017)
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MICS-Asia Phase | vs. Phase II

Chemical species S0, sulfate 05, PM, S/N dep.
Domain 5-50°N, 5-150°E 15°S-60°N, 15-160°E
Period Jan & May, 1993 m:g leé'éfecf —Lid
Standard met. field RAMS MM5

Base emissions RAINS-Asia II TRACE-P

Standard boundary zero MOZART
Observations CRIEPI EANET

Models Eu(lirli_aar?)ranglan, : 9 (all Eulerian)

Tasks 1 must-do + 3 optional 1 + intra-comparison
Publication 1 + ex. sum. and conf. rep. 7 + ex. sum.

Web site U. Iowa ADORC (ACAP)

Organizer CRIEPI/IIASA ADORC (ACAP)/IIASA



Asia Emissions Inventory : TRACE-P/Ace-Asia

TRACE-P (Transport and Chemical Evolution over the Pacific)
ACE-Asia (Asian Pacific Regional Aerosol Characterization Experiment)

Streets et al., 2003
;cited 18712 times!

Mongolia
Korea(DPRK)
Korea(ROK). -Japan
China
Pakistan
Nepal . ppytan
india  Congladesh Taiwan{ROC)
Myanmar
Laos
Thailarid Vietnam Philippines
Cambodia
Sri Lanka . »
Malaysia < Brunei
Singapore
Indonesia

CAE = (EF)(Act) [(1- (CE)]

CAE = Controlled emissions

EF = Uncontrolled emission factor
Act = Category activity

CE = % Control efficiency/100

Other Human
Energy Use Activities
Biomass
RAINS — Activity Burning
Asia Model Data
— Biogenic, Mineral Volcanoes
Emission Dust (off-line)
Factors,
Regulations —‘|
Emission Anthropogenic Natural
Controls Emissions Emissions
Y
Point Urban National/Regicnal Point
(355 power plants) (22 cities) (64 regions) (22 volcanoes)
Latitude/ + Urban Population Latitude/
Longitude « Rural Population Longitude
* Land Cover
* Roads
+ Ship Lanes

Gridded Total Emissions
(1° x 1° down to 1 km x 1 km resolution)

DSA50201

Schematic methodology for the
development of Asian emission estimates




MICS-Asia Phase Il (2010-)

: Health, climate and development co-benefits

* Limited effectiveness of initial pollution control strategies
e Air quality—climate interactions and co-benefits

Objectives

Topic 1: To evaluate strengths and weaknesses of current

multi-scale air quality models and provide techniques to .,

reduce uncertainty in Asia

(Leaders: Z. Wang, K. Yamaji and J. Fu) W
Topic 2: To develop a reliable anthropogenic emission . |
inventories in Asia and understand uncertainty of
bottom-up emission inventories in Asia

10" N
(Leaders: J. Woo, J. Kurokawa, and Q. Zhang)

Topic 3: To provide multi-model estimates of radiative L&
forcing and sensitivity analysis of short-lived climate
pollutants s

(Leaders: Greg Carmichael, ZW Han, Yafang Cheng)
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140°

MICS-Asia Phase 11l (2010-)
: Health, climate and development co-benefits

MICS-Asia lll Emissions Inventory

China Japan Korea Power Plants Other Sources
MEIC JEI-DB CAPSS REASV2 REASv2
BC,0C,
$02,NOx
FK!.H\!H3 - —ANL = '« BC,0C,502
emission ---ANL
Others:
spatial
proxy from
ANL
Y y i l l
[ MIX Asia Emission Inventory ]
60° 100° 140°
Unit: Gg
Year: 2010 80, NO CO  NMVOC  NH; P My PM.s BC oc CO:
China 28483 28597 170114 22888 10714 16536 12151 1755 3378 9852208
Cther East Asia 1571 37a0 11017 2828 786 682 373 B 42 2022586
South East Asia 44449 5120 S0925 16640 4582 3051 2274 378 1452 1526602
South Asia 10963 11271 83617 20802 13306 8383 £293 1218 3228 2697878
Central Asia 1648 g71 5227 1162 133 983 458 21 46 3B6B6Y5
Russia Asia 4164 2405 15605 2587 105 2103 1188 87 172 B30408
Zhang, 2013
Total 51288 52113 336506 67017 29636 31728 22750 3529 8321 17316376

‘ Part of The Task Force on Hemispheric Transport of Air Pollution (TF HTAP) El




MICS-Asia lll Emissions Inventory

Biogenic Emissions

ISOP emissions (Gglgrid/period)
seesmmmm  Gg: gigagram (109 gram)

Spring 1 v e
AN G- e B
.

i WE MR TR TReR TERE iEE

MTP emissions (Gglgrid/period)
<Mote= | . |
|SOP: isoprene o0 o0 &
MTP: monoterpene - 4‘5?}5-“5?5“ 'i“pﬁ'ﬂ-,‘fﬁ .15:“‘& ,1*5“ _,'15“

Tg: teragram (10*12 gram)



.

Asia Emissions Inventory

Evolution of Bottom-up Emissions Inventory Uncertainties

Uncertainty SO2, NOx, CO, NMVOCs(%)
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Year Year
CO =@=502 NOX =@=NMVOCs =@=BC =€=0C —8—502 NOXx =@=NMVOCs ==@=BC =6=0C

Overall Uncertainty in Anthropogenic Emission Estimates (+95% Confidence Intervals, Unit: %).

Uncertainties of CREATE emissions in China:
+28% (SO,), £39% (NOx), £68 (NMVOC), +60% (CO),
+101% (NH,), £50% (PM,,), £54% (PM, ;)

Woo, 2013
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Presenter Notes
Presentation Notes
2024년 무대책 시 예측 농도 PM2.5 33㎍/㎥, PM10 45.2㎍/㎥의 조건에서 저감대책 반영한 예측 농도임


Asia Emissions
as an Interface for Air Quality Science and Policy

FORCING
Afuel-act
AEnergy l |
APopulation Anon—fuel A Emissions ——— A Climate
activity

AGDP _T l 1
APolicy AEm. Fac.

» A Atmospheric A Air pollution
chemistry meteorology
ATech l
———— A Surface air quality  |¢
. . oo . Daniel J.
Socio-Economic Emissions Modeling 2009
Scenarios Inventory Emissions
« Spatial allocation
EmA B (EFA)(ACt) [(1 ) (CE)(RP)(RE)] . region to gl’id, 2D to 3D
Em, = Controlled point/area source emissions of pollutant A ¢ Temporal allocation
EF, = Uncontrolled emission factor for pollutant A : annual to hourly
Act = Category activity CE = % Control efficiency/100
RE = % Rule effectiveness

RP = % Rule penetration/100 * Chemical speciation
: NMVOCs to VOC species, PM to PA, SA



Presenter Notes
Presentation Notes
저는 중국의 대기오염물질과 GHG에 대해  2100 년까지 시나리오에 따른 미래배출량 산정 연구에 대해 발표하겠습니다. 


Emissions Trend (MICS-Asia)
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Limitation of Emissions only Inventory
Inter-annual Variability of NO2 Concentration over Northeast Asia

Policy Implementation

JJJ Concentration Change
— ———"t—— NO, Changes (%): 2005-2014 |fm=< L
, A : -~ JAPAN
YRD — 1 Tokyo (-38%)
otz * | YANGTZE RIVER DELTA 2 Nagoya (-43%)
YRD\ 1 Shanghai (-30%) 3 Osaka (-39%)
zhou (11%) 4 Fukuoka (-26%)
Q 5 Nagasaki (NS)
PRD

[Ty]
o™

PEARL RIVER DELTA
1 Guangzhou (-44%)
2 Dongguan (-46%)
3 Shenzhen (-42%)
4 Hong Kong (-28%)

135

140

- Duncan et al,

-5.8 34 -1 1.1 3.4 5.8 x 10" [molec. cm?] 2016
13



Presenter Notes
Presentation Notes
본 연구의 배경 및 목적입니다. 
동북아시아 지역(한국, 중국, 일본 등)은 급속한 경제성장과 더불어 높은 인구밀도와 에너지 소비율에 따라 환경오염문제가 더욱 심각해지고 있다. 특히, 우리나라 수도권의 경우 대기오염물질 오염부하가 심각한 수준이다. 이러한 여건에도 정부의 지속적인 노력으로 황산화물 등 일부 1차 오염물질은 점차 감소되고 있는 추세이나, 미세먼지(PM10), 오존(O3)등 2차 대기오염물질의 오염도는 계속 증가하고 있다.



Emissions Inventory for LTP

: NIER/KU-CREATE*

* Comprehensive Regional Emissions for
Atmospheric Transport Experiments

$ GAINS

Greenhouse Gas - Air Pollution Interactions and Synergies

17 regions, Y 2010~2050

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

« Sectors: Energy, Mobile,
Industrial Process, VOCs,

Agriculture e
 Transfer : CAMx & SMOKE =T

$ GAINS

Greenhouse Gas - Air Pollution Interactions and Synergies

Activity data The GAINS Basics

Emission controls

Gk Social development
3 i tivities

and economic ackivil

Emissions

1 Emisshon eantral

Air quality and impacts
POLICY ANALYSIS:

Simulation of
policy packages

Help center

Aiir quality and climsta
indicatars

Health and ecarystems
impact:

[ Monetized benefits*} ]

*} Mot available in the GAINS Bosics 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 14


Presenter Notes
Presentation Notes
크리에이트 인벤토리는 아시아지역을 커버하는 우리나라에서 개발된 가장 최신의 인벤토리라 할 수 있으며, 아시아지역의 대기오염과 기후변화 연구를 지원할 수 있는 포괄적 상세 배출목록으로 국립환경과학원과 건국대학교의 연구로 개발되었다. 


S0, emissions (Mt)

Linking Air Quality Policies Using CREATE/GAINS

China and Korea

*Seoul metropolitan Air quality Improvement Plan

40 @ This studv-BAUIOI B
100,000 I
} Wang etlal, ACP 2014 NEcd -1 cA
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Baseyear KORUS PM:s Baseyear KORUS PM,;
Rule T Rule —

rojections
Em, g

T 7
Energy/agriculture /-/ i )

Emission control
options

Atmospheric dispersion
Health & environmental ) Environmental G A I N S
/ targets /

impact indicators
L]
Figure 2.2: The iterative concept of the GAINS optimisation. C h I n a Ko rea

Emission control
options

= (EFa)(Act) [(1- CE)(RP)(RE)]

OPTIMIZATION

Environmental
targets

Figure 2.2: The iterative concept of the GAINS optimisation. 1 5
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/ Energy/agriculture

projections

Emission control
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Atmospheric dispersion
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Linking Air Quality Policies Using CREATE/GAINS

> Assessment Framework : GAINS Framework

Y

targets

Source : IIASA

. I OPTIMIZATION

Environmental

Procedure

1. Implemented national activity statistics/policies

2. Add new experimental scenarios (Climate and NH,)

3. Link the additional scenarios from GAINS-Asia into GAINS-Korea
=> analysis of transboundary impacts from outside (China, N.Korea)

. Integrated Assessment Model for Climate Change and Air Pollution

» Implement control policies for Korea & China into the GAINS model

Control Scenario Definition

Korea China
BASE |- BAU Scenario + BAU Scenario
- |— i i
Sequl metropolitan Air || "12" Five Years Plan,
Quality Improvement Plany,| -, ... o
0TB r + "National emission
+ '10-Year Plan to Improve standards
the Air Quality .
ow | OTB+ 6.3 Particulate + OTB + Regional Action Plan
Matter Special Action; (JJJ, PRD, YRD)
BOTW |- OTW+INDC GHGs + OTW + INDC GHGs
_GHGs reduction targets in Korea reduction targets in China
BOTW |- BOTW_GHGs+ NH, + BOTW_GHGs + NH;
_NH, reduction pathway reduction pathway

BAU

Existing
/ reserved
AQ Policies

New :
CC-AQ Co-control
/ NH; control

Linked scenario matrix

Scenario Pathway

Emission

2010

KOREA CHINA
81 BASE_c
s2 BASE_k OTB_c
83 BOTW_NHs_c¢
s4 BASE_c
S5 OTB_k OTB_c
S6 BOTW_NH;_c
s7 BASE_c
S8 OTW_k OTB_c
s9 BOTW_NH;_c
S10 BASE_c
s11 |BOTW_GHGs_k OTB_c
S12 BOTW_NHz_c¢
S13 BASE_c
S14| BOTW_NHs_k OTB_c
s15 BOTW_NH; ¢

Y.H. Kim et al, manuscript in preparation (Do no cite or quote).

BASE

BOTW
_GHGs

BOTW
NH,

2015 2020 2025 2030 Year

=>15 cases of reduction
pathways were linked to assess
the possibilities and its impact

of air quality improvement. 16


Presenter Notes
Presentation Notes
I used the IIASA GAINS model and implemented realistic control policies for Korea and China. 
NH3 control scenario and Climate-Air quality co-control scenario were added as the new scenarios. 
When linked with China’s policy, 15 control scenario pathways were created to assess the possibilities of the air quality improvements.   



Linking Air Quality Policies Using CREATE/GAINS

» Assessment of Control Policy Impacts by China-Korea linked scenario

PM, ; concentration (year 2030, Korea)

30
25
Target conc
of year
20 2021(Seoul
: 20 ug/m?
15
u S.Korea
Background
10 u China
m N.Korea
5
ug/m3

Yr 2010

- 3.6~7.2ug/m3 of additional PM, ; concentration improvement could be achieved due to China’s reduction
- Korea could get the transboundary benefits from the China’s control policies.

Y.H. Kim et al, manuscript in preparation (Do no cite or quote).



>
Improve Understandings of East Asia Emissions

and Building Capabilities to Generate Solutions

Bottom-up SMOKE-Asia/KU-EPS(Woo et al., AE, 2009)

Emissions Estimation Emissions Processing Modeling

g Emissions Inventory Spatial, Temporal, Chemical :Emissions

3 =% AQ & CC
- EMISSIONS :
I Modeling
)

Emissions Model (Biogenic, Biomass Burning, Dust,

Sea salt, NH3, and etc.) ICAMS, PM Forecasting
NIER, 2008~2017
¢ Yo, Lo N
(7 Q \ O
Bog MQ/) 0, e

Admin, Annual, Y/,{yge,))e,)

by sector/fuel
GAINS-Korea(2013~2015), GUIDE (2016~2019) MAPS/KORUS(2016)

MESSAGE-China/AlM-Korea, Japan(2014~201 63 & GEMS(2018)
>

Regulatory Science


Presenter Notes
Presentation Notes
CAEA	= Controlled point/area source emissions of pollutant A
EFA 	= Uncontrolled emission factor for pollutant A
Q    	= Category activity
CE 	= % Control efficiency/100
RE 	= % Rule effectiveness/100
RP 	= % Rule penetration/100


Improve Understandings of East Asia Emissions
and Building Capabilities to Generate Solutions

Bottom-up

LTP
MICS-Asia

KORUS-A
@PS-Seoul Q

NEACAP

(NEASPEC)

GAINS-Korea
GUIDE

How to solve?

Policy

How to understand?
Science 19


Presenter Notes
Presentation Notes
CAEA	= Controlled point/area source emissions of pollutant A
EFA 	= Uncontrolled emission factor for pollutant A
Q    	= Category activity
CE 	= % Control efficiency/100
RE 	= % Rule effectiveness/100
RP 	= % Rule penetration/100


3. MICS-Asiz | ' 10t MICS-Asia

Workshop, | | Works_lioi)rzoqg

Sep 19, 2000 _ 19th MICS-Asia
y Workshop 2017
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