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� Introduction of the Air pollution modeling with the 

Integrated Assessment Model used for the Climate 

Change Study (AIM: Asia Pacific Integrated Assessment 

Model)

� Some examples of Air Pollution modeling studies along 

the Integrated Assessment Model framework.

1. Quantification of Co-benefit of Regional Low Carbon Society 

Policies on Air Pollution

� Idea on a possible collaborative program
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AIM (Asia-Pacific Integrated Model) is an integrated 

assessment model to assess mitigation options to 

reduce GHG emissions and impact/adaptation to avoid 

severe climate change damages. 

The model is extended to assess sustainable 

development policies together with Asian researchers. 

(1) Emission modules ....
• World Economic Model

• Energy Technology Selection Model

• Material Recycle Model    ・ Industry Model

• Landuse / Landuse Change Model

• Scenario development Model ・ Simplified Model

(2) Climate Modules...
• Carbon cycle Model ・ Chemical Transport Model

• Global Average Climate Model

• Regional Climate Model

(3) Impact Modules ...
• Water Resource Impact Model

• Agriculture Impact Model

• Potential Vegetation Impact Model

• Health Impact Model ・ Economic Impact Model
(Kainuma et. al., 2002)
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http://www-iam.nies.go.jp/aim/
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Source）Figure6.1, UNEP/WMO (2011) Integrated Assessment of BC and tropospheric O3 

CO2 Reduction

＋＋＋＋CH4 & BC Reduction

Only CO2 Reduction

0.5℃
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Asia Total BC Emission

SSP1

SSP2

SSP3

SSP1

+2℃CM

①①①① SCLP emission abatement technology: FDG, CM on Agriculture, etc.,

②②②② improvement of Fuel Quality

③③③③ Energy saving, Improvement of Energy Efficienc

④④④④ Fuel shift 
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Roadside Model

• Calculation case and mesh size：

Fine Case： 1km

• Divided a mesh to 3 classes by the 

distance from road.
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Road Network Data:

OpenStreetMap
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rest of 

Mesh

JEA: Gaussian Plume model

Cx,y): Concentration, x: distance from road, z: height, QL: emission intensity, u: wind velocity

θ : angle between Road and Wind, 
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Definition of the buffer area of Roadside Model
In the case of Beijing 1 km mesh case.

Road : OpenStreetMap
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Individual Exposure Concentration Population Density

from

LandScan2008
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+ Contribution from Indoor emission

• In the Urban area, Major 

contributor is “indoor w/o 

emission”, this mean source of 

pollutants is outdoor, and stay 

duration to indoor is much longer 

than duration at outdoor.

• Still exposure in rural area is 

higher than urban area due to the 

high usage of biomass fuel in 

Kitchen and Heating.

Outdoor

Concentration
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India, CO2 emission

SSP2 Ref + High electrification

China, CO2 emission

SSP2 Ref + High electrification

China, BC emission

SSP2 Ref + High electrification

India, BC emission

SSP2 Ref + High electrification
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There are no difference between

Countermeasure cases for Climate Change

Because, the Climate Policy mainly focus 

on the Power generation, industrial sector

and Transportation sector.

SSP2 Reference CO2 emission by Technology

for Residential sector 2010-2050  China

Heating

Cooking

Lighting (Oil)

Hot water

CO2, Residential sector, China
BC, Residential , China

Cooking, Biomass

Heating, Biomass

CO2 emission, India

Residential Sector
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� Lack of Future Service demand estimation

� Because there are large differences in lifestyle between regions, it is 

difficult to estimate the service demand in the future residential sector. 

� Lack of Technology Information

� Bottom-up model carries out technology selection according to economic 

rationality. However, in addition to the lack of information on the initial 

cost and running cost of the household equipment, it differs greatly from 

country by country.

� Lack of Emission Factor for air pollutants.

� The emission factors of air pollutants from household equipment are 

extremely limited.
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Example 1

� We focus on the city level co-benefits under the detail Low Carbon 

Society Scenario and quantified the reduction of air pollutants by 

each LCS policies on Iskandar Malaysia’s LCS scenarios.

� Population: 2005   1.8million 2025  3.0million

� GDP:  ×4.0           GHG emission (BaU):    × 2.75 

� Low Carbon Society Scenario for 2025 have been developed

� Co-benefit of LCS policies on air pollution was considered.

Target Area 

Site: Iskandar Malaysia



Kyoto University 25

Methodology (1)

1. Development of Low Carbon Society Scenario for 2025 for Iskandar 

Malaysia

2. Downscaling the emission source to Map (NOx, SO2, CO, PM2.5)

3. Calculate the yearly average concentration in the region by using 

WRF/CMAQ.

Transportation Sector Other Sector

Traffic Demand Analysis Model
Downscaling by 

population, Landuse and LPS
Downscaling by road networkDownscaling by road network

4. Estimate the premature death by the long-term exposure to PM2.5

Example 1
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Mitigation Options

Green Economy 

Action 1 Integrated Green Transportation 

Action 2 Green Industry 

Action 3 Low Carbon Urban Governance**

Action 4 Green Building and Construction 

Action 5 Green Energy System and Renewable Energy 

Green Community 

Action 6 Low Carbon Lifestyle 

Action 7 Community Engagement and Consensus Building** 

Green Environment 

Action 8 Walkable, Safe and Livable City Design 

Action 9 Smart Urban Growth 

Action 10 Green and Blue Infrastructure and Rural Resources 

Action 11 Sustainable Waste Management 

Action 12 Clean Air Environment** 

Total 

Methodology (2)

12 Actions

53 Sub-Actions

96 Measures

300 Programs

Quantify and Parameterize each 

Program to Socio-Economic 

parameters

S ub-actionS ub-actionS ub-actionS ub-action M easuresM easuresM easuresM easures

P ublic transport system  im provem entP ublic transport system  im provem entP ublic transport system  im provem entP ublic transport system  im provem ent

Introduce rail based and w ater based publicIntroduce rail based and w ater based publicIntroduce rail based and w ater based publicIntroduce rail based and w ater based public

transporttransporttransporttransport

E fficient/ seam less inter-m odal transferE fficient/ seam less inter-m odal transferE fficient/ seam less inter-m odal transferE fficient/ seam less inter-m odal transfer

(interchange) facilities(interchange) facilities(interchange) facilities(interchange) facilities

Im prove JB  - S ingapore, JB -K L C onnectivityIm prove JB  - S ingapore, JB -K L C onnectivityIm prove JB  - S ingapore, JB -K L C onnectivityIm prove JB  - S ingapore, JB -K L C onnectivity Intercity H igh Speed R ail Transit (H S RT )Intercity H igh Speed R ail Transit (H S RT )Intercity H igh Speed R ail Transit (H S RT )Intercity H igh Speed R ail Transit (H S RT )

D iffusion of Low  C arbon P assenger VehiclesD iffusion of Low  C arbon P assenger VehiclesD iffusion of Low  C arbon P assenger VehiclesD iffusion of Low  C arbon P assenger Vehicles P rom ote use of low  carbon vehiclesP rom ote use of low  carbon vehiclesP rom ote use of low  carbon vehiclesP rom ote use of low  carbon vehicles

Enhancing T raffic F low  C onditions andEnhancing T raffic F low  C onditions andEnhancing T raffic F low  C onditions andEnhancing T raffic F low  C onditions and

Perform ancePerform ancePerform ancePerform ance
Transportation D em and M anagem ent (T D M )Transportation D em and M anagem ent (T D M )Transportation D em and M anagem ent (T D M )Transportation D em and M anagem ent (T D M )

G reen T ransportation in R ural AreasG reen T ransportation in R ural AreasG reen T ransportation in R ural AreasG reen T ransportation in R ural Areas
Im prove public transport services &  use in ruralIm prove public transport services &  use in ruralIm prove public transport services &  use in ruralIm prove public transport services &  use in rural

areasareasareasareas

M odal shift to greener freight transport m odesM odal shift to greener freight transport m odesM odal shift to greener freight transport m odesM odal shift to greener freight transport m odes

P rom ote green / hybrid freight transportP rom ote green / hybrid freight transportP rom ote green / hybrid freight transportP rom ote green / hybrid freight transport

Integrated Public TransportationIntegrated Public TransportationIntegrated Public TransportationIntegrated Public Transportation

G reen F reight T ransportationG reen F reight T ransportationG reen F reight T ransportationG reen F reight T ransportation

Example 1
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Mitigation Options
ktCO2

Reduction
%

Green Economy 6,937 54% 

Action 1 Integrated Green Transportation 1,916 15% 

Action 2 Green Industry 1,094 9% 

Action 3 Low Carbon Urban Governance** - -

Action 4 Green Building and Construction 1,203 9% 

Action 5 Green Energy System and Renewable Energy 2,725 21% 

Green Community 2,727 21% 

Action 6 Low Carbon Lifestyle 2,727 21% 

Action 7 Community Engagement and Consensus Building** - -

Green Environment 3,094 25% 

Action 8 Walkable, Safe and Livable City Design 263 2% 

Action 9 Smart Urban Growth 1,214 10% 

Action 10 Green and Blue Infrastructure and Rural Resources 392 3% 

Action 11 Sustainable Waste Management 1,224 10% 

Action 12 Clean Air Environment** - -

Total 12,467** 100% 

LCS scenarios for policy development  in IM

GHG reductions by Actions

Estimated from ExSS Model

2005 2025    2025

BaU CM

Estimated GHG reduction by 

each LCS actions

Example 1
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Model description (Quantification of Co-benefits)

Chemical Transport Model

� CMAQ 5.0.1 
Chemistry: SAPRC-99 - AERO5

Boundary condition : MOZART4

Biogenic Emission: MEGAN 

Meteorological Model

� WRF 3.4.1
NCEP-FNL (1 degree, 6 hours)

Noah land-surface model

WSM 3-class simple ice scheme

Example 1
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Reduction of Regional Air Pollutants Emission

1: Green Transportation 

2: Green Industry 

3: Low Carbon Urban Governance 

4: Green Building and Construction 

5: Green Energy System 

6: Low Carbon Lifestyle 

7: Consensus Building 

8: Walkable, Safe and Livable City Design 

9: Smart Urban Growth 

10: Green and Blue Infrastructure and Rural Resources 

11: Sustainable Waste Management 

12: Clean Air Environment 

LCS Policies

252%
-44%

437%

-20%
310% -49%

2025 2025 2025

Example 1
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Case Description Change of EF

2013 Current

Current

2025 BaU Proportional to 

Population growth

2025 CM1 Bus Rapid Transit

2025 CM2 Further Public 

transportation Shift 

2025 CM3 Same as 2025 BaU Promotion of 

Low Emission 

Car
2025 CM4 Same as 2025 CM1

Traffic Demand Analysis Model:

STRADA version 4.0  by JICA

Example 1
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2025BaU

2025CM3

2025CM1

2025CM2 2025CM4

• In 2025 BaU case, Traffic volume increase with the 

population growth. And due to the congestion of 

traffic in central area, traffic volume of Suburb road 

is significantly increased. 

• In 2025 CM2 case, Traffic volume will decrease by 

the shift to public transportation. Total volume is 

equivalent to current volume.

• Emission of PM2.5 largely depends on the emission 

control of public bus system.

CO
2

Emission

Example 1
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Population density

3km mesh � 0.6 km mesh

Road network

Open Street Map

Example 1
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Example 1
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Regional Air Quality Simulation

Domain 1 Domain 2 Domain 3

CO CO CO

Calculated PM2.5 Concentration

(8am 2 JAN 2013) 

Example 1
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Health impact 

PM2.5

Population density (2010 and 2025)

Methodology used by the Global Burden of 

Disease (WHO, 2004)

where, 

Δ�� ∶ Change of Relative Risk

�:	Relative risk coefficient

Δ�: Change of  PM
2.5

concentration from base state

Δ�	:	Change of attributable proportion for health endpoint


: Number of cases of death attributed to air pollution

�:	all cause mortality rate

Example 1
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Reduced premature death (Δ=163) by each actions

Result (Co-benefits on Health impact) 

Results [Whole IM region]

Case N. of Death 

[person/year]

population in 2015

Base conc.
345

Population in 2025

BaU case conc.
417

Population in 2025

CM case conc.
254 

Green Transportation

Green Industry 

Green Building

Low carbon Lifestyle
Walkable & Safety city

Example 1
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ActivityActivityActivityActivity ExposureExposureExposureExposureConcentrationConcentrationConcentrationConcentration ImpactImpactImpactImpact FeedbackFeedbackFeedbackFeedbackEmissionEmissionEmissionEmission

Source-receptor matrix

• Compact city

• Energy saving

• Zero energy building

• Public transportation

• …..

• FGD/dust collector

• High stacks

No policy action

• Forecast

• Warning system

• Air cleaner

• Medical system

• …

Economic Model  AIM/CGE

Bottom-up Model AIM/Enduse

Accounting Model ExSS
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Issue of Integrated Assessment Modeling of Air Pollution in 

Northeast Asia.

� Standardization and Sharing of 

� Activity Database  (Driving force of emission )

� Past, current and Future. National level, Province level, Gridded data.

� Technology Database (Energy Efficiency and Emission Factor)

� Abatement Technology, Low emission Technology, etc.,

� Especially, initial cost and running cost, lifetime, obstacle of diffusion

� Policy Database

� Tax and subsidy, Regulation, Urban planning, TDM, etc.,
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Thank you very much for your attention


