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MICS-Asia Phase I (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
• IIASA offered neutral, scientific meeting place (5 workshops at IIASA)

3rd MICS-Asia Workshop, IIASA, Sep 19, 2000

• Modeling Domain and S/R regions
- obs.: CRIEPI gas/particle/wet dep. network
- met.: RAMS outputs by Uno@KyushuU
- emis.: RAINS-Asia

• Model settings
- zero boundary conc.
- Vd prescribed

Source : M. Amann(2017)  and H. Hayami (2017)

• 5 Eulerian and 3 Lagrangian
Models were participated  



MICS-Asia Phase II (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

Source : M. Amann(2017)  and H. Hayami (2017)



MICS-Asia Phase I vs. Phase II



Asia Emissions Inventory : TRACE-P/Ace-Asia

Schematic methodology for the 
development of Asian emission estimates

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

CAE = Controlled emissions
EF = Uncontrolled emission factor
Act = Category activity
CE = % Control efficiency/100

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

Streets et al., 2003
: cited 1812 times!



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)

Topic 2: To develop a reliable anthropogenic emission 
inventories in Asia and understand uncertainty of 
bottom-up emission inventories in Asia

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

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

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

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

• Limited effectiveness of initial pollution control strategies
• Air quality–climate interactions and co-benefits



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

Zhang, 2013

MICS-Asia III Emissions Inventory

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



MICS-Asia III Emissions Inventory

Biogenic Emissions
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Evolution of Bottom-up Emissions Inventory Uncertainties

Overall Uncertainty in Anthropogenic Emission Estimates (±95% Confidence Intervals, Unit: %). 
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Uncertainties of CREATE emissions in China: 

±28% (SO2), ±39%  (NOx), ±68 (NMVOC), ±60% (CO), 

±101% (NH3), ±50% (PM10), ±54% (PM2.5) 

Woo, 2013

Asia China

Asia Emissions Inventory

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

Daniel J. 
2009

ΔEnergy

ΔPolicy

ΔPopulation

ΔGDP

Socio-Economic
Scenarios

Δfuel-act

ΔEm. Fac.

ΔTech

Δnon-fuel
activity

Emissions 
Inventory

EmA = (EFA)(Act) [(1- (CE)(RP)(RE)]

EmA = Controlled point/area source emissions of pollutant A
EFA = Uncontrolled emission factor for pollutant A
Act = Category activity CE = % Control efficiency/100
RE = % Rule effectiveness RP = % Rule penetration/100

Modeling
Emissions 

• Spatial allocation 
: region to grid, 2D to 3D

• Temporal allocation
: annual to hourly

• 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)



Inter-annual Variability of NO2 Concentration over Northeast Asia
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Duncan et al, 
2016
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The 1st IAP-KU NOx Deposition Meeting, June 2017

Policy Implementation

Concentration Change

Limitation of Emissions only Inventory

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.
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1. Anthropogenic Emissions Inventory : 
Improved GAINS-Asia and  GAINS-Korea 
emissions using national info.
2. Year 2010, Asia regions, ~300 SCCs
3. Pols.: CO2, NOx, PM10, PM2.5, SO2, VOC, NH3, CO
4. Biogenic(MEGAN), 

Biomass burning(BlueSky)
5. Emissions projection and processing 
friendly

* Comprehensive Regional Emissions for 
Atmospheric Transport Experiments

Emissions Inventory for LTP
: NIER/KU-CREATE*

Woo et al., 2014

GAINS-Asia 
: 4 regions

GAINS-Korea 
17regions 

• 17 regions, Y 2010~2050
• Pollutants: CO2, CO, NOx, SO2, 

VOC, NH3, PM10, PM2.5, BC, OC
• Sectors: Energy, Mobile, 

Industrial Process, VOCs, 
Agriculture

• Transfer : CAMx & SMOKE

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. 
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This study-BAU[1]
This study-BAU[2]
This study-PC[0]
This study-PC[1]
This study-PC[2]
Amann et al. (2008)-current legislation
Amann et al. (2008)-advanced control technology
Amann et al. (2008)-optimized
Ohara et al. (2007)-policy failure
Ohara et al. (2007)-best guess
Ohara et al. (2007)-optimistic
Xing et al. (2011)-current legislation and implementation
Xing et al. (2011)-improved energy ef f iciency and current environmental legislation
Xing et al. (2011)-improved energy ef f iciency and better implementation of  environmental policy
Xing et al. (2011)-improved energy ef f iciency and strict environmental legislation
Cofala et al. (2007)-current legislation
Cofala et al. (2007)-maximum feasible reduction
Cofala et al. (2012)-current policy
Cofala et al. (2012)-new policy
Cofala et al. (2012)-high energy ef f iciency
Cofala et al. (2012)-450 ppm

Wang et al, ACP, 2014

SO2

China

KORUSBaseyear SAIP*

*Seoul metropolitan Air quality Improvement Plan

EmA

= (EFA)(Act) [(1- CE)(RP)(RE)]
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China and Korea

Linking Air Quality Policies Using CREATE/GAINS

China Korea 15

PM2.5
Rule

PM2.5
Rule

GAINS



16

Source : IIASA

1. Implemented national activity statistics/policies 
2. Add new experimental scenarios (Climate and NH3)
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 

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

Control Scenario Definition Linked  scenario matrix

BAU

Existing 
/ reserved 
AQ Policies

New :
CC-AQ  Co-control 
/  NH3 control

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

Procedure

Linking Air Quality Policies Using CREATE/GAINS

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.   




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

PM2.5 concentration (year 2030, Korea)

Target conc 
of  year 

2021(Seoul)
: 20 ug/m3

Yr 2010 Yr 2030 

BASE
OTB

OTW BOTW_GHGs BOTW_NH3

BASE
OTB
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NH3

BASE
OTB

BOTW_
NH3

BASE
OTB

BOTW_
NH3

BASE
OTB

BOTW_
NH3

BASE
OTB

BOTW_
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Linking Air Quality Policies Using CREATE/GAINS

·  3.6~7.2ug/m3 of additional PM2.5 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).



EMISSIONS

Emissions Estimation
Emissions Inventory

Emissions Model

Emissions Processing

(Biogenic, Biomass Burning, Dust, 
Sea salt, NH3, and etc.)

A
nthro

N
atural

Spatial, Temporal, Chemical AQ & CC
Modeling

Modeling 
Emissions
Inventory

ScienceRegulatory

Admin, Annual, 
by sector/fuel

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

MAPS/KORUS(2016) 
& GEMS(2018)

GAINS-Korea(2013~2015), 
MESSAGE-China/AIM-Korea, Japan(2014~2016)

ICAMS, PM Forecasting
NIER, 2008~2017

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

GUIDE (2016~2019)
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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



ScienceRegulatory

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

GEMS
EANET

LTP
MICS-Asia
KORUS-AQ

NEACAP
(NEASPEC)

GAINS-Korea
GUIDE

MAPS-Seoul

How to solve?
Policy

How to understand?
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



10th MICS-Asia 
Workshop 2008

Thank You!!!

19th MICS-Asia 
Workshop 2017

3rd MICS-Asia 
Workshop,
Sep 19, 2000
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