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Background

Red colored species are Short-lived Climate Pollutants (SLCPs)
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® Climate change is a serious global issue we are facing. On the other hand, a
more pressing problem for atmospheric environment of Asia is air pollution and
its impact on human health, etc.

® Reduction of SLCP for mitigating both air pollution and near term climate
change is considered to be important especially in Asian region.
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Framework of analysis/verification system for
regional air quality changes in Asia
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Regional Emission inventory in ASia (REAS) v3

® Bottom-up based emission inventory
® Country and regional emissions for detailed sources
® Gridded emissions for major sources
® Target Years : 1950-2015
® Target Areas : East, Southeast, and South Asia
® Horizontal Resolution : 0.25°%0. 25°(finer if possible)
® Temporal Resolution : Monthly
® Target Species :
so,, NO,, CO, NMVOC, PM,,, PM, ., BC, OC, NH;, and CO,
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NOTE: REASv3 is under updating process and results are preliminary.



Methodology
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Global NO, emissions

NOx emission [ng/m2/s] (1950)
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1950: High EMs are shown in EU and NA
and values are small especially in East Asia.
1950-1980: EMs increased in all regions
and their growth rates are higher over EU,
NA, and Japan.

1980-2010: EMs in EU, NA, and Japan
showed decreasing trend. But, in contrast,
EMs over Asian continent increased largely.
Basically, similar patterns are shown for

other air pollutants.
Lamarque et al., ACP, 2010 for outside Asia
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Emissions in Asia
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® Emissions of air pollutants in Asia increased significantly during these six decades.
® Before 1970 for SO, and before 1980 for NO,, emissions in Japan were relatively large, but

then showed decreasing trends.

® Emissions in China are the largest in Asia, increased rapidly from early 2000s, but reached

their ceiling recently due to introduction of emission control measures.
Relative ratios of South and Southeast Asia for SO, NO,, and BC are 0.20, 0.25, and 0.39 in
1980 and 0.42, 0.42, and 0.49 in 2015, respectively.

= Understanding emissions in South and Southeast Asia is becoming more important.



Emissions in India
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® Total SO, and NO, emissions show similar increasing trend, but structures are different.
® For NO,, major sources are coal power plants (PP) and road transport (ROAD) both by
diesel and gasoline vehicles. Their values are comparable.
® Majority of SO, emissions are from coal combustion in power and industry sectors.
® For BC, the major source in India is biofuel (BF) combustion in residential sector (RESI)

especially in past years. But recent increasing trends are mainly caused by increased
diesel vehicles and industrial activities.



Emissions in South Asia outside India
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Emissions in Southeast Asia
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Basically, tendencies and structures of emissions in Southeast Asia are similar to those in

Majority of SO, emissions are from coal and heavy fuel oil combustion in power and

industrial plants and NO, emissions were mainly from road transport sector.

vehicles were increased recently.

Biofuel in residential sector dominated BC emissions, but contributions from diesel

Emissions show increasing trends in SE Asia although growth rates are smaller than India.



Emissions in Southeast Asia
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® Recently, emissions in Indonesia are the largest in Southeast Asian region.

® In 1990s, contributions from Thailand were large, but decreased due to assumption of
introduced control measures for power plants, road vehicles, etc.

® Country specific information for penetration rates of control technologies and related
information such as emission factors and removal efficiencies are limited.
= Uncertainties of emissions in South/Southeast Asian region are relatively large.



Emissions in Philippines
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® EMs in Philippines increased in 1990s and then, showed
stable or decreasing trends, but increased again recently.

® Combination of number of vehicles and their regulations
(Light-duty: 2003-2006/Euro 1, 2007-2015: Euro Il, Heavy-
duty: 2008-2015/Euro 1) created the recent trends.

= These results should be evaluated by more local
information, monitoring data and model simulations.



Uncertainties in Emission Inventory

2.0

30 F . n
. ]
s | s "c\,
20 F
1.0
10
05 F
China NO, [TgNO,/Yr] China BC [Tg/Yr]
o — = = oo b—m
20002001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20102011 2012 2013 2014 2015
=={==REASV3 REASv1 REASv2 Zheng =={==REASV3 REASv1 REASv2 Zheng
=== Ma e Xia === ZhaoA e=@==ZhaoB == a el CUi === ZhaoA e=@==ZhaoB
==@==7hang ====EDGARV4.32 | ei e LU ==@==EDGARV4.32
15 15 l
India NO, [TgNO,/Yr] India BC [Tg/Yr]
10 | I 1t o

5
0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
==@==REASV3 REASv1 REASv2 ==@==REASV3 REASv1 REASv2 Streets
Street === Garg w===Klimont === Bond === Klimont === Zhang ==@==\/enkataramar
=== Zhang ==@==\/enkataraman ==@==EDGARv4.32 = LU ==@==Paliwal e=@==EDGARv4.32

® Bottom-up Els have inevitable uncertainties associated with datasets for calculation.
® Emissions estimated by inverse modeling are effective to evaluate Bottom-up El.



Inverse modeling of NO, EMs: Quick Update System
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® Coefficient B is calculated by sensitivity
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Inverse modeling of NO, EMs: Quick Update System

® Observational constraint

OMI DOMINO v2.01
Tropospheric NO,
column

® Chemlcal Transport Model

. CMAQ v4.7.1
| Asia/60km x 60km

Extending REASv2.1 NO, emission to 2009-2015 (the underdeveloped period at
first time) combining a priori emission (REAS emission in 2008 (fixed)), a CTM,
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Inverse modeling of NO, EMs: Modification

Inverse modeling using
fixed a priori emission
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® Current inverse modeling system might

have threshold which could not be
exceeded due to a priori emission.
» Annual mean observation instead of
monthly mean data
» Successive inverse modeling using a
posteriori emission in last year as a
priori emission for the target year

® Annual mean observation method

improved the results some degree, but
still seems to have threshold.

® We are updating methodology for the

successive inverse modeling approach.



Inverse modeling of BC emissions (Underway)

Analysis Period 2011 - 20167
Temporal Resolution Monthly
Horizontal Resolution Ministry sorted (Fig. 1)
Aerosol Model MASINGAR mk-2 (global)
Model Resolution TL159L48 (110km)
Observation data Surface sites (Fig. 2): Data in S/SEA are missing!
Inversion method Bayesian Synthesis
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Fig.1 Tagged tracer simulation regions Fig.2 Observation sites for BC inversion



Conclusions and remarks

Developing and improving REAS

® We are developing a historical emission inventory based on Regional Emission
inventory in ASia (REAS) and current status were presented mainly for S/SE Asia.

® Emission in China increased rapidly from early 2000s, but seem to reach their ceiling
recently due to control measures. Instead, relative ratios of emissions in South and
Southeast Asia are increasing.

® We are developing Quick Update System for NO, emissions using inverse modeling
technique. Preliminary results of China and current problems were discussed.

® Satellite observed NO, VCD over India and Southeast Asia suggest recent increasing
trend of NO, emissions. Studies combining bottom-up Emission Inventory and
Inverse Modeling are becoming important issues for South and Southeast Asia.

Next Steps

® We plan to develop REAS version 3 by end of this year.

® Long-term simulations and sensitivity experiment to evaluate effects of regulation
measures are planned which will be used to evaluate REAS datasets.

® Evaluation of REAS also will be done with updated inverse modeling systems for NO,
and BC emissions.




Thank you for your
attention!



	Historical analysis and�inverse modeling of�air pollutant emissions in Asia
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

