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A New Research Framework on Future Climate-Air quality Management Strategy in Northeast Asia

*Air Quality in NE Asia

Highlights

- The AQNEA (Air Quality in Northeast Asia) project was launched with the aim of finding a better future air quality management strategy in Northeast Asia
- Three future energy scenarios: BAU, old-NDC, and NetZero, and two air quality scenarios were set: NFC and MFR

- National energy IAM studies revealed a significant transition from fossil fuel-based energy to renewable energy in China, South Korea, and Japan, as part of
their efforts to achieve carbon neutrality.

- The transition to renewable energy had a high co-control effect on combustion-driven air pollutants. However, it emphasized that air pollution controls,
especially for pollutants like Volatile Organic Compounds (VOCs), were crucial

- By the year 2060, most regions in China would attain the WHO’s new guideline of 5 ug/m? for PM2.5. The co-benefit effect of the NetZero scenario would
lead to a decrease of 360,000 premature deaths per year, while additional air pollution control measures would result in a further decrease of 24,000
premature deaths per year.

- In the NetZero scenario for Korea, both CO, and air pollutant emissions were significantly reduced, leading to improved PM, . concentrations. However,
consideration of transboundary pollution inputs in IAM analysis is still necessary, especially in Korea

- These outcomes would support domestic and international research collaboration frameworks, such as NEACAP (NE Asia Clean Air Partnership) of UN ESCAP
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North-East Asia Clean Air Partnership
(NEACAP by UN ESCAP)

Monitoring Integrated
and Assessment
Modeling Modeling

NEACAP Programmes

Exchanging information and data
Coordinating with relevant

mechanisms

Proposing potential technical and
policy measures

01. BACKGROUND

| Air Pollution : Domestic Policy in Korea and International Cooperation in NE Asia
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01. BACKGROUND
| Science : NIER/NASA KORUS-AQ and beyond

o%
ORLUS+-AQ

Composition of Fine Particles
(DC-8 Aircraft)

NASA-NIER,
Rapid Science Synthesis
Report, 2017

= =
EN o)}

=
[N}

Emission ratio to year 2010
o -
o0 o

o
o

0.4

Emission ratio to year 2010
o o o o — — -
[N > o @ o EN) >

o
=]

NIES saran

Factors Affecting Fine Particle Pollution in Korea
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Emission (A)

Emissions Inventory
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Feedback Process for Pollution Management

01.

| Integrated Assessment : Understanding Processes and Finding Solutions

Process and Effect of Air Pollution

Concentration (C)

BACKGROUND

Atmospheric Processes (B)
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01. BACKGROUND

! The GUIDE* Integrated Assessment Model (Korea)

GHGs, CAPs
Emission Reduction
Optimization Model
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*GHGs and air pollutants Unified Information Design system for Environment

+CAPs : Criteria Air Pollutants
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*IAM : Integrated Assessment Model

*RSM : Response Surface Model 6
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y AQNEA : Integrated Management Strategies for Future Air Quality Improvements in NE Asia

Main project

0 nc Principal Investigator
Objectives
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Shuxiao Wang(2)
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Satoru Chatani

Share
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Kyoto Univ.

Beihang Univ.
(Japan)
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. . Sub-project 2
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(China)
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Shinichiro Fuijmorij

Shaohui Zhang
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# AQNEA : Collaborative IAM framework and Future Scenarios in NE Asia

Carbon Neutrality in Korea AQNEA Integrated Assessment Modeling (IAM) Framework
Key elements of the 2050 Vision MESSAGE-GAINS (IIASA) WMISVIERACIIDIE(Xaesy
: (Konkuk/Sookmyung U
@ Expanding the use of clean power and hydrogen across all sectors I - /
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® Enhancing carbon sinks s GAINS-Global
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! AQNEA : Future Energy and Air Quality Scenario Pathways in NE Asia

Energy and AQ scenario pathways setup

(NDC and Net-Zero scenario) IAM;
Integrated . o
A A Scenario Scenario in . L.
. ) Assessment IAM Description
Energy _ Air Quality Model group
1) Baseline Framework
> & Baseline BAU BAU
(@) @)
3 2) NDC(Old) g 1) No Control Korea GUIDE-METER Middle Stated Stated Policies Scenario (Previous
S = (NFQ) scenario Policies NDO
! Net-Zero NetZero Carbon neutrality plan for Korea
Baseline Baseline BAU
3) Net-Zero 2) Control AIM/Hub- Middle 26by30 + Outdated NDC + outdated **LTS
(MFR) Japan scenario 80by50 goal for 2050
> > Japan 2.4
2020 2050 2020 2050 Net-Zero 46by30 + Updated NDC + zero emissions in
Soci Energy — Air pollution Scenari e -
loeconomy — tn — AIr oNn Nanos
Y PO Baseline Baseline BAU
Socio- . . . MESSAGEix- Middle Global carbon budget: 1,000 Gt CO;
Y Energy Scenario pathway Air Pollution Control China GLOBIOM scenario 2-degree China carbon budget: 165 Gt CO,’
1.1-M-R12 Carbon Global carbon budget: 600 Gt CO
. . . Oobal carbon bu et b
Baseline No policy scenario No Control No Eurther Control Net-Zero nenialit China carbon bud%et 60 Gt CO,
Middl (NFC) scenario
I € range Baseline STEPS Current policy settings
sSP2-4.5 [IEEEREE e . :
MaXImlflm Feasible Rest of IIASA GAINS Middle APS Including NDCs and longer-term net
Carbon-NeutraIity Control Reduc’gon (MFR) NE Asia (WEO) scenario zero targets
Net-Zero  _  -rio scenario
Sets out a pathway for the global

. . . Net-Zero NetZero energy sector to achieve net zero
Source : Woo et al., AQNEA project(2022) *NDC : Nationally Determined Contribution CO, emissions by 2050
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02. AQNEA

| AQNEA : Future Scenario Pathways on Emissions, Air Quality and Health Impacts by NE Asian Countries

South Korea

Concentration (ug/nv)
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| AQNEA : Future Scenario Pathways on Emissions, Air Quality and Health Impacts by NE Asian Countries

Energy: Primary energy consumption (PJ/yr) (Baseline, NDC, Net-Zero) Emission: NO, emissions (Gg/yr) (Baseline_CLE, NDC_CLE, Net-Zero_MFR)
Air Quality: PM, s concentration (ug/m3) (Baseline_CLE, NDC_CLE, Net-Zero_MFR) Health Impact: Premature Death (Cases) (Baseline_CLE, NDC_CLE, Net-Zero_MFR)
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! AQNEA : Effect of Energy and Air Pollution Control in China and South Korea

Integrated Strategy for Carbon Neutrality and Clean Air

Integrated Strategy for Carbon Neutrality and Clean Air (Korea) — a draft
(China) Carbon Neutrality 700.0 20.0
~60 Policy in Korea
120+ g “r T TTTTTTTT DIzs =aaE e o
o 50 "%} 27| J|=He 600.0
———— ——— e — R HR)IA GRRE 200
1004 e PM, 5
. L 150 NAAGS
; \ -40 g Y LT — 500.0 = 'I:Korea
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L \ oz % N@Ys 3 S <
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o) LT — . _ [
o pamms [ s o o ¥ s From AQ policy || 100 g
| WHO PMzs 364 B &% N gasy S a o
N fe WELa g £ 300.0 5
WHO PM25 45t SE1%| s ® 3 Air Quality ] <
201 24, 4 = © o
HER: ¢ WHO PMz5 70| E2}¢! i 8 icy i = 2
i CNCAP . Policy in Korea 85006 =
X ~
:!:g 0 e : ' . ; 2 LO — [ e N, - 5.0 PM,,
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1A o5 by technological measures
X! 2221220 GHGs absorption
by nature
3 0.0 - 0.0
— E 3 — WEi e e - ANAN W3
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! Linkage among the Components of the FRIEND Project
BTN
Information Center Forecasting Center

A N E A "I‘:‘t’f:t*: E?éiAS-‘I;i;’;')S * Fine Particle Research Initiative in East Asia
e Considering National Differences Project

@ @ * Korean Flexible Chemistry Editor

Long/Mld-term NE Emissions (Korea CTM)

SR AQ Projection
Pro;ect!on in NE Asia NE Asia Integrated Monitoring | Long'term
(NE Asia) Platform (incl. GEMS) AQ

Forecasting

Airborne International Domestic Monitoring

Measurement AQ Monitoring (5 regions) Smog Chamber

Region-specific ion-specifi
4 9 P e el (o Region-specific Emissions

Management Management System
g (CTM, Em. analysis) Control Stretegy

AQ Monitoring Network
Regional AQ Monitoring
Stations

International Network on
Smog Chamber

Airborne Measurement KIST AMS-based
(NIER) International Monitoring

Korea-China AQ Local Government
Research Center 13
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03. AQNEA : AQM

| TF HTAP : Historical Emissions Trends in Three NE Asia Countries
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SOZ China South Korea Japan N OX China SO e Japan
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China S. Korea Japan invenory = CEDS EDGAR_5.0 GAINS_(ECLIPSE_V6b_CLE) == REAS_32
VOCS China B SRR * Country_inventory === EDGAR_HTAPV3 ¢ Old_Inventory
1
30,000 = F 1,000 - / (b) Vehicles NMVOC (d) Fm"vocmm” NMYOC
LY | . 1500 = -
1{SELLEELLL UL Reflest
. e i | various emission controls
20,000 - ;m B and activity changes.
- g | Ry . .
D 500 - 3 R o ¢ . Air pollution control act
@) 1,000 - 3 bl ™ § w B A Voluntary actions for
(H 1o000- z ol LA 2 B Emesion ccrmol VOC reductions
250~ =&~ Emssion 9 =~ Emisgion
AT O —— Vehicle exhaust gas controls
=5g EsEgo-pneTneroe So2EIS2 R sNDENS
T 2000 | PRI RERRRIRHRRRRRRRRAR (ource: 5. Chatani, NIES
aJ IE}.(SU 'I‘,).LIU EU‘UU 2(_"‘20 10’F§() IQ‘R() :!O'()(] ;}(;1.1(') 2 1960 1980 2000 2020 Yoot Year 1

(Source: S. Chatani and J. Woo , 2022)
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Anthropogenic

! AQNEA Collaborative Air Quality Modeling(AQM) Framework NOx Emission

L . e AQNEAv1.0 AQM Framework
AQNEA V1.0 Emissions - = Q .0 AQM Framewo
A e Chemical Transport Model CMAQ v5.3.2
"l Py
— — . ‘Ih ’l I I' Il e Chemical Mechanism V(F?Ia SA:E;S;
Emission for Others . 25 ) .
- From GAINS South Korwa h N Biogenic
> (IIASA, 2021) b s Anthropogenic emission SMOKE v4.5 Isoprene
— - processor U
Emission for Korea o Emission
> CAPSS 2019 ;- et Emissions inventory AQNEA 2019 emission inventory
- I ‘ o — Biogenic emission processor MEGAN v2.1
.hm“m umlm
i iapan Meteorological Model WRF v3.7
. - Projection type:
. v o Lambert Conformal Conic
Emission for Japan - e 00 i
> NIES (PM2.5 + J- X ®| :sommasm : - - Metecc;rologmal
STREAM model) s Grid Resolution (Number of Grid): data
- . . 27 km x 27 km (270 x 240) (Wind Dir.)
U0 e W Modeling Domain
s e Domain information (Below-Left) :
National Emissions (AQNEA v1.0, Yr. 2019; Unit: Gg/yr; CO, Tg/yr) (-5,513,000, -2,324,500)
Reference Lon., Lat. : 126.0, 38.0
Standard Parallel : 30, 60 N.
Country co CO, NH; NO, PM,, PM,s SO, VOC
S. Korea 711 604 316 997 204 84 262 1,005 Base Year - 2019 PM, .
Modeling Period . ) ) 2
China 120,180 12429 9341 17,004 10341 7617 598 22,260 Spin up : 2018.12.30~ Concentration
Japan 2,567 - 360 1,062 105 50 244 1,215 (Source: S. Chatani and J. Woo , 2022)
N. Korea 244 3 106 18 18 68 88 106 14:15 | Integrated framework to evaluate impact of
Mongolia 547 34 100 98 88 57 176 55 For more » fytture c.lim_ate and enviroynnental scenarios on
. . alr quality in northeast Asia
Russia 2,530 734 416 1,237 803 482 1,481 1,517 'mco rmation Satoru Chatani  (National Institute for
Environmental Studies (NIES))
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| AQNEA : Atmospheric Concentration Field in the GUIDE IAM

Chemical Transport Modeling for Sdence Support Response Surface Modeling for Policy Support

Meteorology (WREF), Emissions (SMOKE), and Chemical Transport Model (CMAQ) Sensitivity analysis (DDM
' h-mM n.w
CETH in CMAG va T z i_ o
Chemical Transpert hods] A i DA wa o~ | a1 _
- | Real atmosphere 45ttt
hv (4345 nm) A5 CHAE) = : cc:mm sty
e A wil NS -L [T S " LARRC-99 gared 1—7 | \\/
motes20mm O =0y HCHO Ermissione 2 i . s . sy
<) Reduced form models (RSM)
o - santhropopenic smaion meds SFHOKE-Aaie (Woo e s, 2009] w |
— H Oxidation | 1. =
NO T | I NO, || ‘__F:,-__‘-L {OH, 5" "03 tednhour | L e | Lernislens Ireen ey CREATE v. 25 (Woo ot al., 2018) S B . | . Create
o, RO, o msteorologicsl Modal VRP (ULS. ME&R) = Chemical lr‘.!nspurl models ((. ‘\l\Q) Ani = ol Rsﬂ‘ £+ PN
= waon 24 i ) .
Feried | anuer v, Apeil, July, October, 2015 ) : acenanes 3 ~—1
i Extart = : v MAAN...
rrain Source apportionthent (ISAM) f
Damain 1 (Exet Acia) |
Damain 2 (Gouth Karea) | — mr lCﬂO
| i +

eGirid rechuticon (damain ° % v
3T« FTRTa 1280 0 Source: Jia Xing, 2023 1 Emission ratio
8w e BT = &)

wbd, of warvical lager: 30

£ AMHLICTS ANCET ANOOLTT] ACEGRADE | 1Ts ADRGPRIT L 16T+ ADCTH ABCURs SN A5

AN

RSM in
GUIDE IAM :

PM,
concentration

For more 15:15 | Al-based fast air quality modeling in support of
. . » mtegrated policy assessment
information Jung Hun Woo (Konkuk University)
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03. AQNEA : AQM

§ AQNEA : Health Impact Analysis Model in the GUIDE IAM

Health Impact Analysis using BenMAP Model

Population
Information

GIS information
(Grid, Shape)

Pop.
Identifi-
cation

AQ Monitoring Data AQ Modeling Data

Exposure
Assess-
ment

Reference Disease
Rate

C-R functions

Economic Valuation
Function

Health
dmpact

Moneti-
zation

PM; 5

AY =Y,

=(1

expectancy in Korea

1= e(ﬁXAX)

)
— e(BxAX)

X Incidence X Population

i NIES sapan

where,

Assessment of diseases with data about
Mortality, Morbidity, population, life

AY:Variation of Health Impact
Yo: Current Health Impact (e.g.Current # of death
B: Concentration Reaction (CR) Value
AX:Variation of air pollution concentration
Incidence: Incidence rate

(e.g.Current Mortarlity rate)

Population: Exposed Population

Parameters used for the health impact analysis in the GUIDE IAM

Item

Parameter

Data source

Concentration

PM, ;, Ozone

WRF-SMOKE-CMAQ Chemical Transport Modeling System

Population

by age

Regional population

National Statistical Office> Census Population (2016)
Age and Gender Population by Si, Gun, Gu

BenMAP: Environmental Benefits Mapping and Analysis Program

Source : BENMAP. US EPA

Source: KMOE, 2007

Health impact

Domestic CRFs

J.-S. Ha et al. (2016), TA Study on Health Risk Assessment
for Environmental Policies in the Areas of Climate and

function standard Atmosphere: Focused on Concentration Response
Functions], Korea Environment Institute.
Prevalence Number of | Health Insurance Review and Assessment Service : Statistics
Disease hospitalizations of hospitalization for health insurance recipients 2010-2016
incidence

Death rate

National Statistical Office: Number of deaths by
gender/age (5 years interval), mortality rate_2016
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! New Challenge: Transition with Justice

Health Impact Sensitivity
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03. AQNEA : AQM

Secondary Formation

O3 production from source

. 1 —

Scoul Tachwa Seoul Tachwa Scoul Tachwa

Morn Mom Mid Mid

KORUS-AQ RSSR
(NASA 2017)
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Conference Day 1 (July 19 (Wed.))

ku sz 04. AQNEA : On-Going Work

Energy-AQ IAM Linkage for AQNEA Stage 1 and Stage 2 sz | O e oy Puonal st

13:00 | Session keynote: A new research framework on
future climate-air quality management stratergy
in Northeast Asim
Jung Hun Woo (Konkuk University)
. - H . 13:30 | Aur quality and bealth unpact changes in Korea
Stage 1 ‘ Energy AQ IAM hnkage Stage 2 . EnerQY'AQ IAM IJnkage Outcome based on nm!llplc future .wcu‘.uiu'\
by Country/RegK)n fOI‘ NE ASia Jung Hun Woo (Konkuk University)

13:45 Sources of organic acrosol m China and the

\ world: A mn\l-.;l:ng study
A Bin Zhao ( Tsinghua University)
C E
IZUER (o) Q GUIDE M 14:(0) | Scepanos of energy and air quality ' North-
(Korea) (Korea) East Asia. data linkage and harmonization
V) P I Younha Kim (Intemational Institute for Applied
N S Svystems Analysis (ITASA))
T O A S 405 | Integrated framework to evaluate impact of
. L S AQNEA future chimate and environmental scenurios on
MESSAGEIix R | ABaCAS | Ener Models | air quahty in northeast Asin
(China) Y Chi A gy (o) Satory Chatamt  (National  Institute - for
C (China) (Sta e 1) s Environmental Studies (NIES)) |
-y g N 15:00 | Improving tools for assessment of air quality i
North East Asia
i |1l | Zhigniew Khmont (Intemational Institute for
Applied Systems Analysis (ITASA))
CGEA/I;\)/I E (S: AIM-Enduse T GAI NS N 15:15 .\I-lmwnldl'n\l];m quality modeling i support of
= ower mtegrated policy assessment
(Japan) C E (Japan) cE-i (for Vv Jung Hun Woo (Konkuk University)
| N E 15:30 | Session ¢losing discussion & summanization |
R N ;
F A A NE AS|a) N Conference Day 2 (July 20 (Thu.))
MESSAGEix C ;R GAINS T o Rm ('Zl{lu' and PM;; pollution in Asia-Pac l[u
. . region
(Rest of E-Asia) (ReSt of E'A3|a) E R 401-402 | raired by Hikann  Shimadera (Osaka
(0) D — | University) s e PR N
\' 230 Session ke\ note Pathways jo aclueve clean an
and carbon peutr: |hl\ m China
| Shuxiao Wang (Tsighua Univ len\il
Linkage bemccn air quality, climate, energy,
Rm and ecosysiem
404 | Chaired by Naga Oshima (Meteorological
Research [nstitute)
13:00 Sesslon keynote: Climate nutigation research:
current status and challenges

Shimschiro Fupnnon (Kvoto University)

19
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04. AQNEA : On-Going Work

| Energy and GAINS AQ IAM Linkage for AQNEA Stage 2 : from National to Regional (NE Asia)
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Energy use by key sector

PM, ; Source contribution (Seoul-Incheon Draft)

K%§-5§°' (Korea (South) Seoul-Inct KQRS_SEOI (Korea (South) Seoul-Inchon)

3 a—— 3 Waste
; B ase | | ne 4 . I Agriculture: Livestock and fertilizer use
25F —_— 25 F Net-Zero I | N Agricultural waste buming
E Transport
< |7 Residential combustion
o BE 1 = 20 3 Small Industries
£ ; Y- i | Large industries
g 15 L = i | Power and heating plants
P ‘ 1 = 15F 7 | Other sourcss incl. natural
= MmN v T B qofemmmm e ene ==
= —
SF 3 5k == 3 Timestamp: 20221121-135019
; - -] Scenario: AGNEA_NZE_MFR
() b — 1 0 — ‘ Year: 2050
N
& & < & 3 o
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S ,odbo ooo ‘\9@9 & 6)(\6 00\)(\ & Not Incl road dust resusp
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2\ & e <& & F
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14:00 | Scenarios of energy and air quality in North-

For more information,
Please listen
following presentations

East Asia: data linkage and harmonization
Younha Kim (Intemational Institute for Applied
Systems Analysis (ITASA))

15:00 | Improving tools for assessment of air quality in
North East Asia
Zbigniew Klimont (Intermational Institute for

Applied Systems Analysis (ITASA)) 20
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| Outcome : AQNEA for Northeast Asia Air Quality Improvement Support

AQNEA Data in IAMC .y Community Support through Web-based Data Service
(The Integrated Assessment Modeling Consortium) format M (Scenario Explorer)

International Cooperation

UN-ESCAP
(NEACAP)

Web-based Data Service

FRIEND Project

(Scenario Explorer for AQNEA) T R
Air Quality e - UN-ESCAP
Forecasting 228, (RAPAP)

Welcome to the AQNEA Scenario Explorer

Bilateral

ap— e Env. Cooperation
Domes.tlc = ; | - : i el China-Korea-lapan Research
AQ Policy e . , = Collaboration
K»Support 4 /\ ||” = (CRP/BAQONE)
A = - S ||ll|m |

ERA4CS SENSES project

UN-ECE

IPCC's Special Report on 1.5°C

(HTAP)

« Assessment Report on NE Asia Air Quality Management Strategy
* Future Energy Activity-Emissions-Air Quality-Impact Data Service 21



K oKUK e
UNIVERSITY

FTasa

_— —
Arole of science is
to provide valuable, careful information to policymakers

to help them make well-informed decisions.

- Detlev Helmig
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Thank you!



	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22

