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PM Concentration changes in Seoul, Korea

LS Chang, 2019
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NIER/NASA, 2017

Local  vs. Transboundary
Contribution

Primary vs.  Secondary
Composition

Black 
Carbon 

8% 

Seoul Metro
KORUS AQ, DC-8 flights

Beijing Seoul

Contribution Assessment on Air Quality in Korea

for 
2016 May~Jun period



2010 NEACAP Round Table MeetingEmission Inventory in Asia

Concentration and Emissions

jwoo@konkuk.ac.krNIES Seminar, July 2017
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plus…
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Deposition

Daniel J. 2009
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Emission Inventories
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Inventory Inventory Domain
Spatial        

resolution

Temporal

resolution
years Sector / chemical

EDGARv4.2 Globe 0.1x0.1 Annual 1970~2008

Anthropogenic / Biomass burning / International 

shipping / Aviation

CO2,CH4,N2O,F-gas,

CO, NOx, SO2, NH3,VOCs,PM10

RCPs EI Globe 0.5x0.5

Monthly

(1 decade 

interval)

2000 – 2100

(Base year 2000)

Anthropogenic / Biomass burning / International shippin

g / Aviation

CO2,CH4,N2O,F-gas,

BC, OC, CO, NOx, SO2, CH4, NH3, VOC

TRACE-P 2000
Latitude : -10 ~ 50

Longitude : 60 ~ 150
0.5x0.5 Annual 2000

Anthropogenic/Biomass burning/International shipping  

SO2, NOx, CO, NMVOC, NH3, OC, BC, CO2, CH4

INTEX 2006 
Latitude : -10 ~ 50

Longitude : 60 ~ 150
0.5x0.5 Annual 2006

Anthropogenic : 

SO2, NOx, CO, NMVOC, OC, BC, PM10, PM2.5

REAS v1
Latitude : -10 ~ 50

Longitude : 60 ~ 150
0.5x0.5 Annual

Historical : 1980-2003

Base :2000

Prediction : 2004-2009

Project : 2010, 2020

Anthropogenic : 

SO2, NOx, CO, NMVOC, NH3, OC, BC, CO2, CH4, N2O

REAS v2
Asia + Middleeast + 

Asian part of Russia
0.25x0.25 Monthly 2000-2008

Anthropogenic:

SO2, NOx, CO, NMVOC, PM10, PM2.5, BC, OC, NH3, 

CH4, N2O, and CO2

Soil NOx and others

NIER/KU 

-CREATE
Asia

Grid on-demand

(SMOKE/MEGA

N/BlueSky-Asia)
Annual 2010/2015

Anthropogenic/Biomass Burning/Biogenic

CO2, CH4, N2O, CO, NOx, NMVOC, NH3, PM10, PM

2.5, SO2

MEIC China 0.25x0.25 Monthly 2008, 2010
Anthropogenic:

SO2, NOx, CO, NMVOC, NH3, CO2, PM2.5, PM coars

e, BC, and OC

CAPSS South Korea 1km Annual 1999-2011
Anthropogenic:

CO, NOx, NMVOC, NH3, TSP, PM10, PM2.5, SO2

ECLIPSE Globe 0.1x0.1
Annual/

Monthly
1990-2050

Anthropogenic (All GHGs, APs)

CO2, CH4, N2O, CO, NOx, NMVOC, NH3, PM10, 

PM2.5, SO2
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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 : 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
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Comparison of Emissions Inventories 

NOx

LTP Emissions
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Comparison of Emissions Inventories 
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CREATE 2010 (China) 

Woo, 2013

±28% (SO2), ±39%  (NOx), ±68 

(NMVOC), ±60% (CO), ±101% 

(NH3), ±50% (PM10), ±54% (PM2.5)

Uncertainty of Bottom-up Emission Inventories
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M. Li et al. 2017
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Emission Verification using Inverse Modeling Method

The 2019 Refinement
to the IPCC Guidelines
on National GHGs
Inventories

(2019 Refinement)
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(Top-down) (Bottom-up)

8%

B-U vs. T-D comparison (SO2, China)

(Bottom-up) (Top-down)

CREATE_v3.0
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(Bottom-up)

CREATE_v3.0

REAS

(Top-down)

(Top-down) (Bottom-up)

11%

B-U vs. T-D comparison (NOx North Korea)
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T-D vs. B-U

(B)(A)

(Top-down) (Bottom-up) (Top-down)

(A) (B)

7.8%

(Bottom-up)

CREATE_v3.0

(Top-down)

B-U vs. T-D comparison (NOx  South Korea)
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Societal Impact
• Provide guidance on measures to   improve air 

quality in Korea

Science 
• Better understanding of the factors 

controlling air quality
• Test and improve model simulations 

of air quality

EMISSION INVENTORY : KORUS(CREATE)

14DC-8 Airborne Laboratory

Understanding Emissions From an Aircraft Field Campaign : NASA KORUS-AQ
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Providing Emissions Information in support of KORUS-AQ

GAINS-Eclipse CREATE CAPSS

Mosaic Inventories and Date Integration 

Chemical speciation

Temporal allocation

Verification
Export annual and monthly reports, 

sectoral and regional summary

Global scale 
Model-Ready

Emissions Regional domain
extraction

Auxiliary database
Gridding surrogate, speciation profiles, 
area information, sectorial info., country 

locations, etc.

MAPS-Seoul mosaic emissions

Spatial allocation

Regional scale 
Model-Ready

Emissions

MAPS-Seoul
Emissions Processing

System

0.5 degree gridded, 
monthly emissions
for year 2010

27km gridded, 
hourly emissions
for year 2010

AQ 
Forecasting

Systems

GEOS-Chem
(SNU)

WRF-Chem
(PNU)

CMAQ
(GIST)

CAMx
(AJU)

Konkuk Univ

CAEA = (EFA)(Q) [(1- (CE)(RP)(RE)]

15

Surface
PM1 : 22.1ug/m3

24% Primary
76% Secondary

Aircraft
PM1 : 31.1ug/m3

13% Primary
87% Secondary

PM 
Concentration

KORUS RSSR
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Standard KORUS-AQ Emissions (0.1 degree)
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KORUS-AQ DC-8

Whole flight track (<2km)

OLD (GRIMS-Chem vs. DC-8)

Effect of VOC Emission Improvements : 3D CTM

Source : R. Park, SNU

UPDATED (GRIMS-Chem vs. DC-8)

17

May 9, 2016 Flight 4 (Toluene)

KORUS v1.0 Emission 
(ARO1)

KORUS v2.0 Emission
(ARO1)
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KORUS-AQ, DC-8 flight 
(5 June 2016)

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

Dangjin Power Plant Wind direction(East)

CAPSS 2013 : 4 Large 
Point Source Stacks 

Updated CAPSS : 4 stacks 
plus 2 New Stacks 

Dangjin
PP

Ratio (
Model

Measurement
) CAPSS 2013

Updated
CAPSS

SO2 0.37 0.71

Source : In-situ CIMS measurements  of PANs, SO2, and HCl

Understanding LPSs Emissions
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Emission Inventories for 2019 LTP

<China>

• CRAES (Chinese Research Academy of Environmental 
Sciences) provided year 2017 (19provinces and 26+2 
cities)

• MEIC (Multi-resolution Emission Inventory model) 
used for the rest of provinces in China

<Japan>

• ACAP (Asia Center for Air Pollution Research) 
provided year 2015 EI

<Mosaic Emission Inventories and Modeling>

• Inventory Mosaic : National, Rest of Asia, Shipping, Volcano

• Emissions Modeling : SMOKE-Asia

<Rest of Asia>

• CREATE inventory was used

<South Korea>

• CAPSS (Clean Air Policy Support System) used 
for year 2015 

<International Shipping>

• Liu et al.,  inventory is being used

<Volcano>

• ACAP  inventory will be used

<Overall Database>

• CREATE(Comprehensive Regional Emissions inventory for Atmospheric Transport Experiment) inventory 
provide the DB structure
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Summary of LTP Emissions Inventory
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Integrated Assessment of Air Quality

21

Jacob et al.,(2007)

Pollution Level

Pollution Process

ΔFuel
Activity

Δcombustion
Equipment

Δcontrol
Technology

Δnon-Fuel
Activity

ΔEnergy

ΔPolicy

ΔPopulation

ΔGDP

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

Health Impact 
= Concentration x Intake

Health Impact

Socio-economy
Energy-Emissions
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Air Quality Policy and Concentration Changes in Korea 

Moon et al, 2018
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Regional Contributions

South Korea 52

North Korea 9

Beijing Region 7

Shandong Region 22

Shanghai Region 5

Liaoning, Japan, Yellow Sea, etc 5

Primary and Secondary PM Contribution

Choi, Park, Woo et al., 2019



2010 NEACAP Round Table MeetingEmission Inventory in Asia

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

PM2.5 concentration (year 2030, Korea)

Target conc. 
For the year 2021(Seoul)

: 20 ug/m3

Yr 2010 

Yr 2030 

BASE

OTB
OTW

OTBW_GHGs OTBW_NH3

BAU

OTB
BOTW_

NH3

• 3.6~7.2ug/m3 of additional PM2.5 concentration improvement can be achieved 

from China’s reduction

BAU

OTB
BOTW_

NH3

BAU

OTB
BOTW_

NH3

BAU

OTB
BOTW_

NH3

BAU

OTB
BOTW_

NH3

Assessment of Transboundary Benefits
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Jacob et al.,(2007)

Socio-economy, 
Energy & Policy 

Emission & 
Atmospheric 
Processes

Health 
Impacts 

Emission Inventory &
Air Quality Model

Health Impact

Socio-economic & 
Energy Model

Cost-Benefit 
Analysis

*GUIDE : GHGs and air pollutants Unified Information Design system for Environment

New IAM in Korea 
GHGs and Air pollutants Unified Information Design System for Environment(GUIDE)
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Objective 1 
: Energy & Decision Making Model

Cost-Benefit Decision Making Model

Objective 2
: Emission & Air Quality Model

Objective 3:
Information Service System

Down
/Up

Scaling

GHGs and AP Inventory

Air Quality Model 

Source-Receptor

(RSM-VAT)

Socio-economic, 

technological index DB 

and statistical analysis 

model

GHGs and air 

pollutants control 

technology and policy 

selection model

Cost-Benefit 

Analysis Model

Integrated GHGs-AP Inventpry

Activity Emis. Factors Control Tech.

Met. 

Model

Air Quality 

Model

Emissions 

Model

Economy and Energy 
Projection Model

Energy & 

Activity DB

Technology 

and Cost DB

Health 

Impact DB
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Emission Inventory &
Air Quality Model

Health Impact

Socio-economic & 
Energy Model

Cost-Benefit 
Analysis

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!

감사합니다!
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