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Why GHGs and SLCPs?

“Two faces at the same coin” 
GHGs come from the same sources of 
air pollutants: fuel combustion

Short-lived Climate Forcing pollutants 
(SLCPs) are: relatively short-lived in 
the atmosphere, act as air pollutants 
(except HFCs) and contribute to 
global warming  

Multiple benefits of reducing SLCPs 
(WMO-UNEP, 2011):

• Reduce air pollution – Protect 
health and crops 

• Slow down near-term global 
warming, reduce   regional impacts 
of climate change

Air quality – climate co-benefit??

CO2: 100-1000 years
Black carbon: 3-8 days
Tropospheric ozone: 4-18 days
CH4: 12 years

Source: WMO-UNEP, 2011



Important sources of global CO2 and BC

SLCP emission reductions: Low hanging fruits 
to tackle both air pollution and climate 
change problems hence co-benefits?

CO2

BC



Source characterization (CROB) at AIT 

Species EF, g/kg RS Emission, t/km2 

PM2.5 8.3 4.8

PM10 9.4 5.5

CO 97 56

BC 0.51 0.3

OC 2.99 1.7

CO2 1147 665

Source: Kim Oanh et al., 2011

• Emission factors (EFs) repre
sent amount of pollutant 
emitted per unit of activity 
(mass of biomass or area)

• Data are still required 
especially for the regional 
specific emission sources: 
crop residue open burning
(CROB)

• Better estimation of emission 
(Emission Inventory)

Emission factors of rice-straw open burning 



Emission of crop residue OB in SEA, 2010
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In this low combustion efficiency emission source: GHGs are still massively emitted



Regional specific emission sources

For more details:
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Regional modeling effort: WRF-CHIMERE



WRF/CHIMERE model output evaluation

Criteria for Mean Fractional Bias (MFB) <60% 
Mean Fractional Error <+75% (Boylan and Russell, 2006)

Pollutant Site MFB MFE MB

PM10

Kuala lumpur, Malaysia -41.1 56.1 -10.3

Surabaya, Indonesia -8.9 18 -2.6

Bangkok, Thailand -53.3 55.7 -17.5

BC AIT, Thailand -3.3 20.8 -0.12

OC AIT, Thailand -72.4 75.0 -2.1
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Ozone simulation & comparison with GAW

ppb

Jan - April

May - Aug

Sept - Dec

Source: Permadi (2013)



Aerosol Optical Depth (AOD)

Modeled AOD - Jan Modeled AOD - April Modeled AOD - Nov

MODIS AOD – April MODIS AOD - NovMODIS AOD - Jan

Permadi, et al.2018a. Atmospheric Chemistry and Physics. 18, 2725-2747.



Future air quality (BAU2030 & RED2030)

Annual PM2.5 RED2030Annual PM2.5 BY2007 Annual PM2.5 BAU2030

Cases  of avoided premature mortality/100,000

BAU2030 - RED2030

(BAU2030-RE
D2030)

INA Thailand

Mortality/100,0
00 population 
(this study)

58 41

Shindell et al. 
(2011)

74 68

Source: 
Permadi et al. 2018b. Atmos
pheric Chemistry and Physics. 
18, 3321-3334. 



BC direct radiative forcing

a) BY2007

b) BAU2030 c) RED2030

COBENEFITS OF RED2030:

REDUCED BC DRF 
 LESS WARMING

IMPROVED AIR 
QUALITY  LESS 
HEALTH IMPACTS

Source: 
Permadi et al. 2018b. 
Atmospheric Chemis
try and Physics. 18, 
3321-3334. 

REDUCED GLOBAL WARMING POTENTIAL 
(CO2 Eq.) 

W/m2



 Integrated approach for GHGs and SLCPs is required

 Several tools for the integration: emission source 
characterization, emission inventory, modeling and 
ambient monitoring (through GAW network)

 Modeling the impacts of emission reductions on air 
quality and climate change: common air quality models 
did not incorporate CO2, N2O, etc but GCMs and RCMs 
did

 Co-benefit framework: exploring various emission 
reduction measures that can lead to both air quality 
improvement and climate forcing mitigation

Summary 



Toward More High-Resolution
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